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The primary objective of this study is the evaloatiof the effectiveness of several
proposed safety treatments at two intersectiongiabersham County, Georgia. The
intersections selected for this study had highlcrases leading to a Georgia Department
of Transportation proposal for various safety inyerments. To evaluate the impact of the
safety treatments, this study focused on an evaluatf various surrogate measures of
safety: speed, acceleration/deceleration rate, Rost Encroachment Time (PET). The
study used video recording as the primary dateectiin methodology and used custom
software, developed as a part of the project, fita deduction of the resulting videos.
GPS probe vehicles were used to provide a growth teference. Data collected showed
that the treatment had negligible impact on theabigh of the vehicles studied regarding
the surrogate measures considered.

As a follow up study, the use of PET data as aogate measure was further
explored. The objective of this investigation vwagletermine the utility of using PET to
rapidly determine the potential safety impact afeatment. For this investigation data
were collected at two pairs of intersections. Eaeélr was selected to be of similar
geometry and volumes but of different crash rates. the given intersections PET
demonstrated the potential to distinguish betweigihly significant safety differences
although it remains uncertain what magnitude oktyaflifference may be identified.
Additional research will be needed before PET canviewed as a robust quantitative

surrogate measure for estimating intersection pgafet
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The primary objective of this study is the evaloatiof the effectiveness of several
proposed safety treatments at two intersectionslabersham County, Georgia. The
intersections selected for this study had highttrases leading to a Georgia Department
of Transportation proposal for various safety inyamments.

Traditionally, crash data would be used for theesafinalysis of the proposed
treatments. However, while crash data allows ferdtrect evaluation of the safety of a
facility, it has limitations in terms of both timend accuracy. Accidents are rare events
and thus a long time frame (typically on the ordé3 years) is required to allow for
evaluation of results with a meaningful level ohfidence. In addition, crash data are
often inaccurate and/or incomplete due to limitagiof the local and state police reports
from which they are derived. Finally, analysis ohsh data provides little or no insight
into the pre-crash process. In other words, cragh dlone does not provide sufficient
information on the behavior of the vehicles befibrey were involved in the crash.

To address the need for short- and mid-term asssdswf the proposed
mitigation measures, surrogate measures of safetg evaluated. The use of surrogate
safety measures allows for faster safety analysisomparison to crash data. Surrogate
measures are also considered in situations whsterigial crash data are limited or not
available.

For the Habersham County study, the effectivenéssewveral proposed safety
treatments at the intersection of US23/SR 365 & &R@emorest Mt. Airy Hwy) were
evaluated. As an initial step, a traditional anialysf crash data for a period of 3 years
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before the application of safety treatment was gueréd to help identify the critical
conflict(s) that were to be addressed in the lpteject stages.

To evaluate the impact of the safety treatmenessthdy focused on evaluation of
three surrogate measures of safety: speed, adoehédeceleration rate, and post
encroachment time. The study used video recordsgha primary data collection
methodology and used custom software, developed part of the project, for data
reduction of the resulting videos. To validate dla¢a collection methodology and to find
the optimal smoothing algorithm (to reduce noideenent in the data reduction process),
GPS probe vehicles were used to provide a grounk teference. Data collected showed
that the treatment had negligible impact on theab®n of through vehicles (in the
presence of a left turn vehicle and no approactueuesgarding any of the surrogate
measures considered. The first portion of thioorediscusses the Habersham county
intersection study in detail.

As a follow up to the Habersham study, the use adt FEncroachment Time
(PET) data as a surrogate measure is further eegiarthe second portion of this report.
The objective of this investigation was to deterenthe utility of using PET to rapidly
determine the potential safety impact of a treatmera before/after analysis or as a
ranking tool of safety differences between intetises. For this investigation data were
collected at two pairs of intersections. Each & gairs was selected to be of similar
geometry and volumes but of very different cragthga

The first pair of intersections were located al@RjLO at Grayson Parkway and at
Henry Clower Blvd/Oak Road. As in the Habershaodgt data collection focused on

the conflict of through vehicles versus the oppgdeft turn. For these intersections,
2



there was not a significant difference in the PEStridbutions in the critical range (sub
three second) even though the ten year crash fnemse differed by a factor of
approximately six (11:63).

For the second pair of intersections, the critdré the intersections be along the
same corridor was relaxed and intersections wigihdni differences in crash frequencies
were selected. The high accident intersectioncssmlewas Wieuca Road with Roswell
Road in the City of Atlanta (123 crashes betweeauph and opposing left turn vehicles
between 2000 and 2009) while the low accident setetion was Buford Highway with
Sugarloaf Parkway in Gwinnett County (7 crashes the same period). In this case,
the higher accident intersection showed signifiganore critical (sub three second)
PET values than did the low accident intersectibms ratio (about 3.3 times), while
substantial, was significantly less than the nedvienty fold difference in crash
frequencies. Thus, while for the given interseioPET has demonstrated the potential
to distinguish between highly significant safetyfetiences, it remains uncertain what
level of safety difference may be identified. Adoinal research will be needed before
PET can be viewed as a robust quantitative sureogeiasure for estimating intersection
safety.

The reminder of this report presents the Habersi@ounty study and Post

Encroachment Time study in detail.



Summary of Results

The objective of this portion of the study was t@mleate the effectiveness of several
proposed safety treatments at the intersectioh$S@3/SR 365 & CR387 (Demorest Mt.
Airy Hwy) in Habersham County and US23/SR 365 & ©GR3ICrane Mill Rd) also in
Habersham County. The two intersections selectethis study had high observed rates
of crashes and fatalities leading to a Georgia Depnt of Transportation proposal for
various safety improvements. As an initial stepewaluating these improvements, a
traditional analysis of crash data for a period3ofyears before the application of the
safety treatments was performed to help identify ¢htical conflict(s) that were to be
addressed in the later project stages. This asailydicated that, as expected, the critical
conflict at this intersection was between left tnghvehicles and opposing through
vehicles on the mainline.

To evaluate the impact of the safety treatments, study focused on an
evaluation of various surrogate measures of safey were available throughout the
project time frame. The study used video recordasgthe primary data collection
methodology and used custom software, developed part of the project, for data
reduction of the resulting videos. To validate dla¢a collection methodology and to find
the optimal smoothing algorithm (to reduce noideenent in the data reduction process),
GPS probe vehicles were used to provide a grount teference. Data collected at the
intersection of US23/SR 365 & CR387 (Demorest MiryAHwy) showed that the

treatment had negligible impact on the behaviathadugh vehicles (in the presence of a
4



left turn vehicle and no approach queue) regarding of the surrogate measures
considered for either the northbound or southboajoroaches. Based on these results,
data collection was eliminated for the Crane Milba site and the resources were

devoted to the PET study.

Introduction

Traditionally, crash data has been used for tramafion safety analysis. Crash data
allows for the direct evaluation of the safety ofaaility but has severe limitations in
terms of both time and accuracy. Accidents are eaents and thus a long time frame
(typically on the order of 3 years) is requiredaltow for evaluation of results with a
meaningful level of confidence. In addition, cradata are often inaccurate and/or
incomplete due to limitations of the local and etpblice reports from which they are
derived. Finally, analysis of crash data providé$elor no insight into the pre-crash
process. In other words, crash data alone doeprogide sufficient information on the
behavior of the vehicles before they were involirethe crash.

To address the need for short- and mid-term asssgswf the proposed
mitigation measures, surrogate measures of safetg wvaluated. The use of surrogate
safety measures allows for faster safety analysisomparison to crash data. Surrogate
measures are also considered in situations whsterical crash data are limited or not
available. According to the white paper by Tarkakt(Tarko, et al. 2008), a surrogate

measure of safety can be defined as “A measuraldéservable non-crash event that is



physically related in a predictable and reliableywa crashes and can be converted or
calibrated into crash frequency and/or severity.”

Figure 1 presents a conceptual relationship betwaerogate measures and
safety. The horizontal arrow depicts the causaltiaiship between surrogate measures
of safety and crashes and indicates that the satgogvent must occur for the
corresponding crash to happen. The effect of aystatment on a surrogate measure of
safety is depicted by the leftmost vertical arr@wis arrow indicates that if a treatment
affects safety, the treatment should also affesuogate event. Safety may also be
affected by factors which cannot be reflected hyogate measures, as indicated by the
rightmost vertical arrow. The more powerful theregate measure, the better it will

capture the effect of the treatment.

Factors of Other
Surrogate | Factors Affected Factors
Measures | by the Treatment | of Safety
Y 4
Surrogate Crash
Measures »  Frequency
of Safety and Severity

Figure 1 Relationship between crashes and surrogaasures of safety (Tarko, et al. 2008)

Several potential surrogate measures may be detedntinrough conflict analysis which
consists of observing the interactions between ipleltvehicles and quantifying the
number of near-misses, evasive actions taken fgaking or weaving), and erratic

maneuvers. For example, one study at urban imgoss has shown a ratio of conflicts
6



to crashes of about 2000:1 (Older and Spicer 197B)us, changes in the number of
observed conflicts can give an early indication tbé effectiveness of mitigation

measures. The types of conflicts observed may aldoin selection of additional

measures focused on addressing the high confleasarSo, conflicts (or surrogate
measures) may allow for an early estimate of thpaich of the safety treatment thus
avoiding the need to wait for accidents to occurewaluating the effect of a safety
treatment. Surrogate measures also may be usédlitodetermining contributing factors

to crash types as they focus on pre-collision armidance behaviors.

To complement the traditional approach of analyaragh data to evaluate safety
treatments, this study included the evaluation afious surrogate measures that were
available throughout the project time frame. Speaily, this research focused on
evaluating proposed safety treatments at two hpged rural intersections having high

observed rates of crashes and fatalities.

Background

As mentioned previously, the use of surrogate gatfetasures allows for an earlier safety
analysis in comparison to crash data. Tadfic conflict techniques one such surrogate
measure and to date much of the available liteedftascuses on the use of traffic conflicts
as a surrogate safety measure (Perkins and H&6i8) {Sayed and Zein 1999) (Parker
and Zegeer 1989) (Hyden 1987). Unfortunately, #proach allows for some level of
subjectivity as the detection of a conflict reqaiteiman interpretation of maneuvers and

a subjective decision as to whether a particulaneuaer qualifies as a conflict. The
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various surrogate safety measures used in pregibgses or mentioned in the literature

are:

Braking or ManeuveringPerkins and Harris 1967).

Gap Time- Time interval between completion of encroachmieypta turning
vehicle and the arrival time of a crossing vehitley continue with same speed
and path (Songchitruksa and Tarko 2004).

Post Encroachment Time (PETTime interval between the end of encroachment
of turning vehicle and the time at which the throwghicle actually arrives at the
potential point of collision (Songchitruksa and K@2004).

Deceleration Rate Rate at which a crossing vehicle must deceldm@&void a
collision (Gettman and Head 2003).

Encroachment Time Time duration during which the turning vehickdringes
upon the right-of-way of the through vehicle (Gedtmand Head 2003).

Initially attempted PET- Time interval between the commencement of
encroachment by a turning vehicle plus the expetitee for the through vehicle
to reach the point of collision and the completibme of encroachment by
turning vehicle (Gettman and Head 2003).

Proportion of stopping distanceRatio of distance available to maneuver to the
distance remaining to the projected location oflisioh (Gettman and Head
2003).

Critical events e.g., aggressive lane merging, speeding, andimgnon red
(Porter, Berry and Harlow 1999) (Shoarian-Sattad Rowell 1987)

Acceleration Nois¢Shoarian-Sattari and Powell 1987)
8



Extended Time-To-Collision (TT€)Length of time a TTC event remains below
threshold (Minderhoud and Bovy 2001).
Time-Integrated TTE Integral of the TTC-profile during the time it elow

threshold (Minderhoud and Bovy 2001).

There are a few drawbacks for some of the measused in previous studies. For

example:

Shoarian-Sattari and Powell considered acceleraitmse and the mean velocity
gradient as safety indicators. They used an omdba®rvo-accelerometer
mounted horizontally and aligned in the longitudiidaection of the motion to
collect field data, however they collected only heigprofiles owing to the
difficulty in measurement (Shoarian-Sattari and Bibw987).

Braking and maneuvering are some evasive actides ty the drivers to avoid a
collision and can be detected in the field. Butedgon requires human
recognition and judgment that is an inherently satdye process. Automated post
processing of video recordings has the potentialethuce the variation due to
human interpretation and subjectivity to some exben this technology has not
been fully developed.

Surrogate measures such as speed profiles, ddmeierates, time-integrated-
Time-To-Collision (TTC) have not been extensivebynsidered largely due to the

difficulty of field measurement and the data inignef these measures.



Minderhoud and Bovy proposed time-exposed TTC and-tntegrated TTC and
tried to extract them using microscopic simulatmoadels (Minderhoud and Bovy
2001). The potential to derive various surrogat@snees of safety from existing
simulation models has also been investigated irH&WA study (Gettman and
Head 2003). But any simulation approach assume¢ tha model is
representative of the actual field conditions whioly or may not be correct
since the accuracy of results from simulation medkdpend on the accuracy of
the model in replicating the actual behavior of ¢lkaicles.

While measures like TTC, PET (Post Encroachmeng Jimnd Gap Time help in
determining the probability of collisions (or fregncy of collisions); they do not
represent the severity of collisions as severifyethels on speed which the above
measures do not consider (Gettman and Head 20G8).aSmeasure like
deceleration rate takes into account both speediedand therefore may help in

determining both the possibility and severity aistres.

Profile based approaches can also be consideremenRadvancements in video and

image processing technology have paved the wagutomated detection of vehicles and

their motion (Kanhere, et al. 2006) (Chin, Quek &iebu 1992). Research is also being

done on using computer vision technology in detemng various traffic parameters

(Beymer, et al. 1997) (Vasquez and Fraichard 2@d) in developing a vision-based

system to issue warnings about imminent collisiomgeal-time (Atev, et al. 2005)

(Maurin, Masoud and Papanikolopoulos 2005). A eevpf the literature shows that

imaging technology has also been used in deteoficonflicts (Saunier and Sayed 2007)
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for a few surrogate measures such as Post Encreamthiime (PET) and Gap Time
(Songchitruksa and Tarko 2004). The literatureo adsaggests the use of automatic
vehicle detection methods for calculating speedsetiicles by using a larger detection
zone. However, such methods have not been validatedesults (Kanhere, et al. 2006).
The paper by Kanhere, et al. also concludes th#hduresearch needs to be done for
handling intersections and cases which involve iplelcameras (Kanhere, et al. 2006).

There are additional hurdles associated with a ¢etely automated detection
methodology. These include occlusion, vehicle laaadlight reflections, false calls, etc.
Though recent research has tried to overcome thaskes, limitations still exist in terms
of camera interface requirements and associatedpregat investments. Resource
limitations in studies such as the one reportethis effort allow the camera to have a
much lower angles to the horizor’Y%o cover a larger area with less equipment. Such
low angles are often incompatible with automatedhicle profile detection
methodologies. For example, the Next Generationufition (NGSIM) software from
Cambridge Systematics, Inc extracts vehicle postioom video obtained from multiple
cameras and translates it into vehicle tracking.datowever, these approaches have
limitations in terms of the camera interface regmients such as resolution, camera
angle, bit rate, etc., which limit their usagehrsttype of research.

To meet the need of collecting profile based swat®gneasures in this study,
custom software was developed for efficiently redgcthe video recordings using a
combination of automatic and manual interactiofst-processing and analysis of the

video recording produces the time and position dataeach vehicle. The speed and
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acceleration/deceleration profiles of the vehiclteay then be calculated from the

developed time-space profiles.

Research Approach

The first stage of the project involved conductiaditerature review and preparing
summaries of the study intersections (intersectaindS23/SR 365 & CR387 (Demorest
Mt. Airy Hwy) and US23/SR 365 & CR395 (Crane MilldRg. The literature review
concentrated on the methods used for intersectadatys evaluation with focus on
surrogate measures. The results of this literatavéew have been presented in the
previous section (Background) of this report.

In preparation for the later field studies, an apienal and geometric analysis of
the study intersections was conducted. Field ¢mmdi including intersection geometry,
traffic control parameters, volume and speed datal sight distance were collected.
Available crash data for the two intersections wads® reviewed and collision diagrams
were prepared. Based on these collision diagrants @msultations with GDOT
personnel, the opposing left-turn conflict was tifeed as the critical conflict for study.
Based on this determination, the surrogate measoes collected were selected. These
were: 1) the acceleration/deceleration profileha through vehicle, 2) the speed of the
through vehicle and 3) the Post Encroachment TR&eT| for the conflict.

The primary method selected to collect the confacialysis data was video
recording as it allowed for a permanent record ld intersection operations and

obtaining the conflict data from these recordingtaboratory environment rather than in
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the field. A detailed description of the data calien methodology is presented in Data
Collection and Processing.

Data were collected at the first primary intersact{US23/SR 365 & CR387
(Demorest Mt. Airy Hwy)) using video recording aadalysis of the video data was
accomplished using custom developed software (dssmlin Data Reduction Software).
This first data collection period (13th of Augu208 to 28' of September, 2008) was in
advance of the installation of the additional satetatments at the intersection. After
application of the treatments at the intersectign@DOT personnel, video data was
again collected and was reduced to obtain postllason conflict data. The effect of the
treatment on the safety of the intersection waduetad by comparing the before and
after treatment conflict data. The analysis of ¢hesnflict data in the form of surrogate

measures and the results are discussed in ResdltSirrdings of the Habersham Study.

Data Collection and Processing

As mentioned earlier, the study area consistedvof liigh speed intersections in north
Georgia (US23/SR 365 and Demorest Mt. Airy Highy@iR387) in Habersham County,
Georgia and US23/SR 365 & CR395 (Crane Mill Rd)oais Habersham County,

Georgia). The study area is indicated in Figure@w.
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Figure 2 Map showing locations of the two studgiiséctions with reference to the state of
Georgia in the inset. (Google n.d.)

In planning for field data collection, operatioreatd geometric summaries of the two
intersections were prepared. Crash data for a ¢gherid3 years (2002, 2003 and 2004)
were summarized by reviewing the incident repo@sllision diagrams for the two
intersections were also prepared. These collisiagrdms are given as Figure 3 and
Figure 4 and were used to determine the criticaflmd for which field data were to be
collected, in this case the opposing left turn.

The data collection methodology and surrogate nreaghat need to be captured
are determined by the critical conflict to be saadiFor example, from Figure 3, it can be
seen that there have been two fatal accidents batvaeleft-turning vehicle and an
opposing through vehicle at the intersection of BISR 365 and CR387 (Demorest Mt.
Airy Highway) in Habersham County, Georgia. Althbughere are more rear end

14



collisions, a crash between a left-turn vehicle andopposing through vehicle is much
more severe. So, the opposing left-turn conflics watermined to be the critical conflict

for this study.

Demorest Mt Airy HWY
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Figure 3 Collision diagram for the intersectionld623/SR 365 and CR387 (Demorest Mt. Airy
Highway) in Habersham County, Georgia.
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Figure 4 Collision diagram for the intersectionld623/SR 365 & CR395 (Crane Mill Rd) in

Habersham County, Georgia.

Video data used in this study were collected usingortable data collection station
developed specifically for this study (Figure Bach portable station consists of a trailer
equipped with solar panels that charge a set ofleep-cycle marine batteries which act
to supply steady 12 Volt DC power. The data coibecunit is equipped with a pan-tilt-
zoom (PTZ) network camera that can either be maluatethe trailer mast or mounted
on an adjacent pole. The use of a network camatiaer than an analog camera, allows
for a direct connection of the camera to a low ponetebook computer. The video
stream is recorded on the notebook and periodiedported to an external hard drive.
The setup also features a wireless cellular netwaanknection that allows a user to

remotely control the camera (change the view, ufffon etc.) as well as control the

16



recording process. The video data collection atatis designed to provide high
flexibility in the communication, recording, andneara control processes on a low power
budget, allowing solar panels to act as the primexternal charging source for an

extended period.

(@) (b)

(d) (©

Figure 5 Example Data Collection Unit (a) equipméatler at base of pole, (b) Pole and the
camera mounted on it, (c) trailer on-board equiptreemd (d) Closer view of the camera. (Photo
credit: Guin, A. (2008))
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The study intersections are on a high-speed ruudtilane highway with a speed limit of
65 mph (104.5 km/hr). The length of the intersectpproach covered by the video is
approximately 900 feet (274.32 m). This distanaes \8elected to exceed the distance
required for a vehicle to stop based on stoppightsdistance criteria for the posted
speed limit. A camera height test was conductedhat Georgia Tech Structures
Laboratory to determine the optimal height of tlaenera. Video clips were obtained
from the camera at heights ranging from 20 ft tof7@bove ground level, in 10 ft
increments. A 70 ft bucket truck was provided by@IDto perform this study.

Analysis of the resulting video clips revealed thahinimum height of at least 40
ft to 50 ft was needed to ensure video clarity. ldogr, even at this height a single
camera was not sufficient to capture useable violeer the 1000 ft zone (900 ft on
approach plus intersection) established by the pstgpsight distance criteria. The
maximum useable range was about 600 ft and wabkefufimited where the roadway
sloped downward away from the camera location. eBasn these results, it was
concluded that a two camera solution would be requiOne camera viewing across the
intersection and a second camera located upstreamohitor approaching traffic. A
feasibility study confirmed that it was possiblecwilect and analyze two synchronized
camera video streams using the GT video analyfizae.

A trailer configuration only allows for an approxately 18ft camera height that
was insufficient for the purposes of the study.dgithe time sensitive nature of the study
and the possible delays that may be encounterebt&ining a mobile solution capable of

a higher camera mounting height it was determiniadconsultation with GDOT
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personnel, to use permanent pole placements aDéngorest-Mt. Airy Intersection to
allow for more immediate progress in the study.aAgsult of a visit to the US23/SR 365
& CR387 (Demorest Mt. Airy Hwy) site by GDOT and @gia Tech personnel, it was
determined that four (4) 60 ft wooden poles woutdused for camera mountings. The
final installation included two poles located 3@@dwnstream of the intersection on both
sides of the intersection to capture a view oflgfeturn bay and the oncoming traffic
and two poles located approximately 1100 ft frone tintersection to capture the
upstream traffic approaching the intersection. tha study, the cameras are mounted on
wooden poles at a height of approximately 45’ abgraind level. The camera views
were overlapped to ensure accurate vehicle ideatiin and video synchronization

during the post-processing of the camera viewsurgi§ illustrates this configuration.

Overlap Area

Z

Cameral

Camera2

Figure 6 Field placement of the two cameras fer sbuthbound approach
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Custom software was developed in Java™ and usiagJdva Media Framework™
(JMF) technology to allow for frame-by-frame reviest the video. For any frame
selected by the analyst, the software can extmaitt the frame number and a timestamp.
This custom analysis software has two primary camepts — SaveGrid and ExtractData.
SaveGrid allows the analyst to construct a videerlay containing detection lines
separated by a set distance, 40ft in this caseedbas known locations in the field of
view. The known points were determined as parthef initial field survey used to
establish the field equipment setup. The overtagaved and is later re-loaded in the
ExtractData module for extraction of data from thdeo. The red detection lines in

Figure 7 illustrate a typical video overlay fronetBxtractData module.
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Figure 7 Example Screenshot of the Video Redu&iadtware

ExtractData is used to extract vehicle data fromigeo. The software allows the data
analyst to step through the video frame-by-franwh(liorward and reverse) as well as by
a customizable multi-frame step for faster navimati At the start of data reduction, the
analyst imports the overlay detection lines credtecth the SaveGrid component. The
analyst can then extract the time and position dataach vehicle as it crosses each
detection line shown in the video overlay. Usirgrie-by-frame (or multi-frame) to step
through the video, the analyst selects the fram&hich the front tires of the monitored
vehicle is positioned on the detection line of ieg in the video. By using the
“Savetime” button the analyst records the frame Imeimtimestamp, and distance to the

stop bar into the database.
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The software has several reset options for handimajyst errors such as saving
the incorrect frame or skipping a detection lingn addition, to minimize errors, the
analyst tracks one vehicle through the entire g&etion approach prior to processing
data for the next vehicle. All data for a vide®tsered in a comma-separated-value ASCII
file for subsequent analysis.

As stated previously, two cameras are used to pagtach intersection approach.
To process the vehicle data, the video from the tameras must be synchronized.
Figure 8 provides an example of the video from thw® cameras monitoring the
southbound approach. Figure 8 (a) shows the doearstmportion of the approach (i.e.
the portion closest to the intersection) and Fidli(a) shows the upstream portion of the
same approach. Note that in this example the wigweingles are not from the same
direction, that is, the upstream is viewed from 8wuth end while the downstream is
viewed from the North end. The top right corneFigure 8 (a) and the top left corner in

Figure 8 (b) constitute the region of overlap.
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Figure 8 Example Approach Camera Views using Tam&as: (a) View of Upstream Portion
of Appraoch, and (b) Example of Downstream PortbApproach.

The videos are initially synchronized by manuallgtaining the position of a test vehicle
in the two videos at an overlapping detection liree, a set distance from the intersection
captured in both videos. Once the videos have lsg®chronized, the ExtractData
module maintains synchronization of the two vidémth forward and backward for
review by the analyst. Provision is also made @ntain synchronization through the
transition from one video clip to the next since theginning timestamps of the clips

from the two sources are not expected to matchtiyxac
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For each mainline approach to the intersection,irdanmum of one week of video was
recorded for each analysis time period (i.e., eford after treatment installation). This
creates a data set representing each day of thk. w&e minimize chances of data
corruption and data loss, video is stored as aesersi 10 minute clips. For each
measurement day, approximately 16 hours of vides edalected during the daylight
(and twilight) hours, resulting in ninety-six (96D-minute video clips. Each 10-minute
video clip required approximately 4 hours of analysie for data reduction (depending
on traffic flows additional time could be requirathing the data reduction software.

As this reduction process is highly resource intemst is not possible to extract
data from all video clips within a reasonable tipexiod. Thus, a video sampling plan
was adopted to capture a cross section of thededorideo. A single 10 minute video
clip was selected from each hour as representafigata for that hour. The ten minute
period selected for each consecutive hour is shifieten minutes in an attempt to avoid
a bias over the day. For example, if the firsndi@iute video selected for a given day has
a start time of 6:50 AM, the next video selectedtfiee same day would be 7:40 AM, then
8:30 AM and so on. Similarly for the next day, firet video selected has a timestamp of
6:40 AM, then 7:30AM and so on.

To obtain a baseline dataset of the behavior bfcles approaching an intersection
that was not influenced by potential opposing keitns, the time position data was
extracted for all the through vehicles approachihg intersection according to the

sampling plan in the previous paragraph, for agsgmtative day. Then, the dataset is
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screened and only those vehicles that met thewolp conditions are retained for

analysis:

Subject vehicle did not have any opposing leftiugnvehicles at the intersection
during the entire period of traversal of the vehiitirough the observed section.
Subject vehicle’s passage through the interseetias uninterrupted, i.e., did not

need to stop for the signal or a queue.

Analysis of these vehicles allows for a determorawf driver behavior in the absence of
left turning vehicles. For the remaining days loé aanalysis period, data was extracted
(according to the above sampling plan) for onlysthdhrough vehicles satisfying the

following conditions:

There was an opposing left-turning vehicle thassed the intersection while the
through vehicle is within the approach area unteys

The opposing left and through vehicle are bothnig@a green signal indication,
thus the opposing left should only proceed if & hasufficient gap.

There is no standing queue of through vehiclebairttersection (such as the tail
of a queue formed during the red phase) which waifieict the behavior of the

approaching through vehicle.

These conditions were set to capture the behaviorebicles directly related to the

objective of this effort, i.e. measuring the effetthe installed treatments on the vehicle
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behavior during potential conflicting intersectionovements. By extracting data
exclusively for these vehicles during the remainif@igminute clips, the data extraction

time per 10 minute clip is reduced, allowing formmeehicles of interest to be sampled.

The video analysis software was also used to etaltree Post Encroachment Time
(PET) distribution. PET refers to the time lapséwmen the end of encroachment of a
turning vehicle and the time when the through Mehienters the potential area of
collision. PET is a potential surrogate measureaiéty. Any increase in the level of
alertness in the drivers resulting from the treattsean be expected to be reflected in an
increase in the PET.

Since there are two through lanes at the intexseadf interest, there are two
areas of conflict. These two areas are marked ewitteos using the SaveGrid software
component prior to starting the analysis. Nexthgdhe ExtractData software component
the analyst extracts the time stamps of the erahofoachment of the left turning vehicle
and the time of arrival of the through vehicle e tarea of conflict. The difference

between these timestamps is the PET. These zomdliatrated in Figure 9.
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Areas of Conflict

Figure 9 Screenshot of Software Setup for Post@ument Time Data Extraction

Geographic positioning system (GPS) equipped pradecles are commonly used to
collect ground truth data for validation of spedésermined by other methods. The GPS
equipment provides second-by-second location ({i@itand longitude) data of the probe
vehicle. These positions allow for the creationaofime-space diagram from which a
velocity profile of the vehicle can be derived. turn, this velocity profile can be

compared to results obtained from other methodde(viextraction in this case) to

validate the accuracy of the second data collectiethod.
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To verify the accuracy of the video data collectimethodology and to obtain
information necessary to define the optimal smawhalgorithm, (GPS) probe vehicle
data were collected during the sampling period.idalpcomparisons between these GPS
probe vehicle runs on the study site and the spgedsrated using the software are
shown in Figure 10.

These results show generally good agreement bettineetwo approaches with
very high scatter in the video based approach. Tigk scatter is not unexpected. The
process of generating speed from video at a fragselution of 30 frames per second
gives discrete speed readings that result in noidgbe data. These irregularities are a
result of the requirement in the video collectioethodology that there be an integer
number of frames between subsequent measuremédsefuirement results in discrete
values of the speeds that can be reported basettheoframe rate and the distance
between the video reference lines (40 feet in shisly). Some additional irregularities
are the result of inherent error in identifying th&0 of a second frame in which a
vehicle crosses a detector line. As the distanoe fthe camera increases, the potential
for this type of error increases due to the pemspewiew. These errors may be largely

eliminated by proper data filtering and smoothitgpathms.
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Figure 10 Example graphs showing (a) vehicle sawt(b) acceleration/deceleration profiles

obtained by reducing the video data using custaitivaoe and comparing them with those

(b)

obtained from GPS data.

The smoothing algorithm is chosen such that it i@sdhe nominal irregularities

29

in the raw data due to discretization of the spes&ldes, but does not smooth out the
higher values of accelerations or decelerationthefvehicles. To obtain the algorithm
that satisfies this requirement, a heuristic apgindaas been adopted. Various smoothing

algorithms have been applied on the speed andezatieh data obtained. The simplest




algorithm consists of an un-weighted moving averagplacing each point in the data
with the average of ‘m’ adjacent points where maispositive integer called the

smoothing width. For example, for a 3-point smoeoth

§= (Y + Y+ Yj)/3

where $is the |" point of the smoothed data;1Y Y; and Y., are the j-¥', j" and j+1"
data points before smoothing. Three-point, fiveédpcand seven-point moving average
algorithms have been tested. In addition, weiglatestage smoothing functions are also
tested. A weighted average is any average thatrhaisplying factors to give different
weights to different data points. For example, the3+5” weighted average for
smoothing the value of )Y(i.e. § (1+3+5)) is the average of the value of ¥he 3-point

moving average, and 5-point moving average. Theesgon for $is obtained as:

S, (1+3+5) = (Y,+ &4(3-point moving average)+,&-point moving average))/3

= (3Y,+8Y3+23Y4+8Y5+3Ye)/45

where $is the smoothed"jpoint, Yj-2, Y.1, Y;, Y;:1 and Y. are the j-2', j-1™, j" j+1™
and j+2" data points before smoothing. So, it is clearlgnsthat different weights are
assigned to different raw data points for findiig tweighted average. This approach
gives the highest weight to the central value deweight decreases farther from the

central value. The following smoothing algorithmere/tested on the data.
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Three-point moving average
Five-point moving average
Seven-point moving average
3+5 weighted average
3+5+7 weighted average

1+3+5+7 weighted average

Figure 11 shows the results of applying the varisasothing algorithms described
above to the raw speed data and comparing themtiétlspeed profile obtained from
GPS data for a sample vehicle run. Similarly, Fég@i2 shows the results of applying
various smoothing algorithms to the raw accelerdtieceleration profile and comparing
them with the profile obtained from GPS data. Visusspection of these figures
indicated that the “3+5+7” smoothing algorithm pwods speed and acceleration-
deceleration profiles closest to the ground triatadGPS data). These results are marked

by the red outline in both Figure 11 and Figure 12.
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Figure 11 Plots showing the vehicle speed profiliésr applying various smoothing algorithms

on the raw data

32



Aceslemtiory Do e mtio nirmphys]

e
e

3-paine S-paint 15 7-polnt

wn

wn
.

600 300 L]

AN

-a
153

g
g
£

Accelamtiory Deczlemtio nimphys)
Accelamiiony Decals mtion(mphys)
\
k

n
n

n

o
o

=
I

Distance from Stop Bar (feet] Distance from Stop Bar (feet)

—GPS —Video GBS _ Video Distance from StopBar (feet)

s —video

hcoalemtlory Dece ke mtic nirmphys)

o

o

&

J¥5-point ST PO TE3¥5+T it

wn

wn

wn

&00 300 0

-
=
=]

™

=

-

=2

=

™

=

=

-

in

in

=
Accslemtion’ Decs lemtio n(mphy's)
-
|
i ,'I
Y
|
|
Accelemtion Deoalemtion(mphys)
=
!
|
«

o

o
i

Distance from Stop Bar [feet) Distance from Stop Bar [feet) Distance from StopBar feet)
—GPS§ —Video —_GPS —_Video —GPS —Videa

Figure 12 Plots showing the vehicle acceleratieakleration profiles after applying various

smoothing algorithms on the raw data
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In addition to visual inspection, mean-squaredrsr(MSE) were calculated for the speed
and acceleration-deceleration data obtained fromeosiassuming that the GPS data is
accurate. Figure 13 shows the comparison of fodependent runs of the GPS probe
vehicle through the 900 feet approach to the ietdisn in tabular form. It can be seen
from the table that for the acceleration-deceleratlata, “3+5+7” smoothing gives the
least MSE for all four runs while for speed, “3+34gives the least MSE for two runs
while it gives the second least MSE for the otlveo tuns. Based on these data, the
“3+5+7” smoothing algorithm was selected as thenag@t smoothing algorithm for the
speed and acceleration-deceleration data of thelsdmehicles obtained from the video

reduction. The results of these analyses are disdus the next section.

Runl Run2 |Run3 |Rund4d |Runl Run2 |Run3 Run4

Raw Data 42064 223.70 6.1851 7.7086 34.628 221.15 54.943 59.573
3‘]3'0‘int 2.3092 2.7471 2.0545 2.3736 3.2787 14.240 4.3531 6.8987
5—p0i1‘1t 21231 1.2894 1.4883 0.7152 1.1828 4.1645 21921 2.3559
3+5 POiIlt 21249 1.4812 1.496 1.0661 0.9090 4.0613 1.0823 2.8395
7—p0iI1t 2.0728 1.5019 1.3690 0.4884 1.1237 3.5335 1.2424 2.1304
3+5+7 point

2.0293 1.3009 1.115 0.5345 0.8272 1.6524 0.5876 1.8850
1+3+5+7
pOiIlt 21102 1.7117 1.3819 1.1662 1.9950 3.4722 3.5620 5.7996

Figure 13 Table showing the Mean Squared Errougalfor various smoothing algorithms
assuming GPS data as the ground truth
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Results

This section describes the results of the anabfsibe before and after treatment data for
the intersection of US23/SR 365 & CR385 (Demoredt Mry Hwy) for both the
northbound and southbound approaches. Initial arsaljemonstrated that the vehicles
undergo minimal acceleration or deceleration atgtivihen approaching a green signal
where no opposing left-turn vehicles are presewt m standing queue exists. Thus,
unless otherwise noted, the analysis included heckides only data from through
vehicles when a conflicting left turn is presentldhere is no queue or signal change to
interfere with the movement of the through vehicle.

The behavior of these through vehicles facing opp#eft-turning vehicles is

captured in three quantitative measures:

acceleration/deceleration values of the throughcles
Post Encroachment Time (PET), and

speed at which the through vehicles enter thesattion.

Each of these measures is a potential indicatocafflicts and surrogate for the
intersection safety. Changes between the befaleatiar treatment observations in any
or all of these measures are likely to be indi@tt potential treatment impacts.

For this analysis, speed and acceleration/decelarptofiles for through vehicles

are measured from the boundary of the intersegiroper (defined as the stop bar) to a
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position approximately 900 ft upstream. Raw dathecbon consisted of time versus
position data collected over this data collectimme The data collection zone was
divided into 40 ft intervals with the time a vel@arosses each 40 ft marker determined
through the use of video recordings. Thus, overd®0 ft data collection area, speed and
acceleration/deceleration trajectory data are ctdt at approximately 25 discrete data
points.

It is noted that for the given intersection, trafflemands, and data collection
periods, conflict opportunities (i.e. the arrivéleothrough vehicle with no standing queue
on the through approach and an opposing left tetricle present) were greater on the
southbound approach. In the following analysisplefand after southbound results are
based on 300 and 297 through vehicles, respectivdijfe the northbound before and

after results are based 42 and 44 through vehidspectively.

Two complementary analyzes of the through vehicleekeration/deceleration data were
conducted. In the first, the before and after dtistion of the acceleration/deceleration
profile data points are compared. In the secondy éme maximum acceleration/
deceleration value in each through vehicle profie ppposed to all the data points in the
profile, were considered.

The before and after frequency distribution of thhrough vehicle

acceleration/deceleration data for the southboumtrerthbound approaches are shown
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in Figure 14 and Figure 15, respectively. It isaabthat frequencies in these plots are

normalized.
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Figure 14 Normalized histogram of the acceleratitateleration profiles, southbound approach
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Figure 15 Normalized histogram of the acceleratitmweleration profiles, northbound approach

37



It is seen in both Figure 14 and Figure 15 that th'wough vehicle
acceleration/deceleration distributions before aftdr applying the treatment are very
similar. The southbound data plot (Figure 14) poédly demonstrates a slight shift to
higher decelerations in the after data. Northbodath (Figure 15) contains almost no
notable differences in the deceleration data, w@me slight increase in acceleration in
the after data. It is noted that all before antrafleceleration data falls within the
comfortable deceleration value of -6.81 mph/s (s) typically utilized in intersection
signal design. Only approximately 2% of the meedutecelerations exceed -4 mph/s.
Cumulative distribution functions (CDF) of the befo and after
acceleration/deceleration data are plotted in feigLé (southbound) and Figure 17

(northbound).
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Figure 16 CDF of the acceleration/deceleration lesf, southbound approach
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Figure 17 CDF of the acceleration/deceleration fesf, northbound approach

The southbound CDF plot (Figure 16) shows thatpttadability of having decelerations
in the range of -1 to -2 mph/s is marginally highrethe after treatment data than in the
before data. Other than this difference, the twwesi consistently overlap, implying that
any difference in the distributions of accelerasicand decelerations in the before and
after southbound data is either very minor or npistent. The CDF plot of the
northbound before and after data (Figure 17) irtdga slight decrease in the likelihood
of decelerations rates in the -1 to -4 mph/s ramgehe after data. However, the
likelihood of decelerations greater than -4 mph/same in both the before and after data.
As stated, the first acceleration/decelerationyaislutilized the data points over
the entire vehicle trajectory as the vehicles apgnahe intersection. However, a conflict
may be characterized by large decelerations dubet@pplication of brakes to avoid a

collision. Therefore, we also consider only the maxm deceleration rate of the through
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vehicles. A significant difference in the beforedaafter treatment distribution of
maximum decelerations may indicate a change imtimeber or severity of conflicts.

The normalized maximum decelerations frequencyridigion plot for the
southbound approach (Figure 18) shows a potentsight increase in the recorded
maximum deceleration in the after treatment datkection, however, the magnitude is
likely insignificant. The northbound maximum desration data (Figure 19) shows
higher frequency for the before treatment datehenrbinge of -3 mph/s to -5 mph/s but

the after data has higher frequency for maximunel@eations greater than -5 mph/s.
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Figure 18 Normalized histogram of the maximum d=edions, southbound approach
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Figure 19 Normalized histogram of the maximum d&agions, northbound approach

Similar interpretations can be derived from thepbsa of the CDF of the through
vehicles’ before and after treatment maximum deaétens on the southbound (Figure

20) and northbound (Figure 21) approaches.
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Figure 20 CDF of the maximum decelerations, southldoapproach
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Figure 21 CDF of the maximum decelerations, northizbapproach

Figure 20 (southbound approach) shows that thexemgimal difference in the range of
-1 mph/s to -2 mph/s. However, there is no perddevalifference in the CDF of the
deceleration values greater than -3mph/s. Figuréh@tthbound approach) shows only a
small difference in the CDF values when decelenstiare more than -3 mph/s. There are
again differences in the lower range decelerataias; however, the trend is opposite of
that seen on the southbound approach. Thus, simtlar the aggregate
acceleration/deceleration data, the maximum demigber data contains no significant
changes that would indicate a difference in eithefore and after treatment conflicts or

safety performance.
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Post Encroachment Time (PET) was the next surrogagasure considered in the
analysis. PET is the time lapse between the erghofoachment of the turning vehicle
and the time that the through vehicle arrives at plotential point of collision. Any

increase in the level of alertness in the drivarsuiting from the treatments can be
expected to be reflected in an increase in the PEiure 22 shows the normalized
frequency of the PET values between the left tyrniahicles and the through vehicles
for the southbound approach. Figure 23 shows HiE distribution for the northbound

approach.
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Figure 22 Normalized histogram of the PET valuesitisbound approach
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Figure 23 Normalized histogram of the PET valuesitlsbound approach

Figure 22 shows a small shift in the PET valuesftbe range 4-5 sec to the range 5-6
seconds in the southbound direction. There is memmble change from the before to
after treatment periods in the distribution of P#ilues greater than 6 seconds. The
northbound data (Figure 23) shows the reverse treitd an increase in the number of

PET values in the lower range (3-4 seconds) iraftex data. Again, there is no notable
trend in the higher PET values. Literature suggtsit critical PET values fall within the

range of 3 to 5 seconds. While some differencésden the before and after treatment
data are witnessed in this range there is no demsipattern between the northbound and

southbound approaches.
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Figure 24 CDF of the PET values for the before aftdr data, southbound approach
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Figure 25 CDF of the PET values for the before aftdr data, northbound approach

The southbound PET CDF (Figure 24) shows a similaure, again with a slight shift to
higher after treatment PET values in the 3.5 tosé&ond range. The northbound PET

CDF (Figure 25) demonstrates no consistent shiftietyveen the before and after PET
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behavior. As with the acceleration/decelerationsevations, the observed PET
differences before and after treatment are all mi(within a few percent), likely
indicative of expected minor variability resultifgm the data collection procedure and

underlying randomness in the driver's behavioreathan a systemic treatment effect.

Figure 26 shows the southbound approach beforeafiedtreatment speed distributions
for through vehicles as they enter the intersecporper. Some shifting of the speed
distribution to lower values, on the order of 3 m@hseen in the after treatment. The
northbound data (Figure 27) shows generally theosipg trend with a decreased
likelihood of lower speeds after the treatmentahation. However, it is noted that the

northbound approach range of variation of the spéededuced in the after data.
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Figure 26 Speed of through vehicles entering irgtetien proper, southbound approach
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Figure 27 Speed of through vehicles entering irgetien proper, northbound approach

Findings of the Habersham Study

For neither the northbound nor southbound apprakath do the surrogate measures
considered show that the treatment has any signifieffect on the behavior of the

through vehicles (in the presence of a left turnicle and no approach queue) or indicate
a likely change in the intersection safety for dag¢a collected at US23/SR 365 & CR387
(Demorest Mt. Airy Hwy). All three surrogates cahsied (acceleration/deceleration
values, PET values, and through vehicle intersedpeeds) show only minor differences
in the distributions of the before and after dathe differences, if any, are small and
often statistically insignificant (oscillating anod zero), likely indicative of expected

minor variability resulting from the data colleatiprocedure and underlying randomness

in the driver’s behavior rather than a systemiattreent effect.
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After completion of the analysis of these datagppeared highly likely that
extensive analysis of the US23/SR 365 & CR395 (Erihll Rd) intersection would
yield the same conclusion. That is, there were tatisically significant differences in
before and after treatment results and that theetly implemented treatment would be
unlikely to meaningfully impact intersection safetYypon recommendation of the
research team and GDOT approval, analysis of th@RSR 365 & CR 395 (Crane Mill
Rd) site was terminated and second phase projsourees were redirected to seek
different potential treatments that could be uditlan Georgia on high speed signalized
and unsignalized intersections and to further dgvéhe analytical methods to evaluate

these treatments. The results of these effortdiaoeissed in the next section.
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Summary of Results

As a follow up to the Habersham Study, the useast Encroachment Time (PET) data
as a surrogate measure was further explored. Wbjeetove of this investigation was to
determine the utility of using PET to rapidly deténe the potential safety impact of a
treatment in a before/after analysis or as a rankaol of safety differences between
intersections. For this investigation, data werdected at two pairs of intersections.
Each of the pairs was selected to be of similamgdoy and volumes but of very
different crash rates.

The first pair of intersections was both locateohgl SR10 at Grayson Parkway
and at Henry Clower Blvd/Oak Road. As in the Haham study, data collection
focused on the conflict of through vehicles versins opposing left turn. For these
intersections there was not a significant diffeeemcthe PET distributions in the critical
range (sub three second) even though the ten yash érequencies differed by a factor
of approximately six (11:63).

For the second pair of intersections, the critéré the intersections be along the
same corridor was relaxed and intersections wigihdni differences in crash frequencies
were selected. The high accident intersectionctadewas Wieuca Road and Roswell
Road in the City of Atlanta (123 crashes betweeouph and opposing left turn vehicles
between 2000 and 2009) while the low accident satetiton was at Buford Highway and
Sugarloaf Parkway in Gwinnett County (7 crashes the same period). In this case,

the higher accident intersection showed signifiganmore critical (sub three second)
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PET values than did the safer intersection. This about 3.3 times), while substantial,
was significantly less than the nearly twenty fdifference in crash frequencies. Thus,
while for the given intersections, PET has dematstt the potential to distinguish
between highly significant safety differences. dmains uncertain what level of safety
difference may be identified. Additional researcill we needed before PET can be

viewed as a robust quantitative surrogate measurestimating intersection safety.

Introduction

From the Habersham study, it was not clear whystireogates considered did not show
any significant difference before and after the liapton of the treatment. It is
speculated that this could be because:
0] the treatment is so subtle that it did not have disgernible effect on the
interactions between left-turn and opposing throughicles, or
(i) the considered surrogates are not effective inuceqg these interactions, or

(i)  a combination of both (i) and (ii).

Hence, for the next phase of the research, it veagldd to evaluate the effectiveness of
these surrogates by collecting surrogate data ditiaall intersections having high,

medium, and low crash frequencies. However, theerditam study demonstrated that
collecting acceleration-deceleration profiles washban equipment and labor intensive
task. As such, a replication of this study to capture slane surrogate measures for

multiple locations is likely cost prohibitive foramst routine circumstances. Collection of
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speed profile data also suffers from these linotadi Spot speed could be a better
surrogate in terms of labor and equipment requirdsileut a definite boundary value that
differentiates a crash or non-crash event cannotddily defined for this measure.

Given these observations, the experience from Habersham Study, and
previous research works, it was hypothesized tl&E Rad the highest likelihood of
proving to be a usable and cost-effective surroga¢asure. Firstly, PET is relatively
easy to measure as it requires collecting only tiwestamps for each PET data point.
Secondly, PET has a direct association with indgleas a PET value of zero
differentiates crash and non-crash events. Thexrefiowas decided that the next phase of
this research would focus on evaluating the effeciess of PET as a surrogate measure
for safety.

Thus, this portion of the research project delvesper into the effectiveness of
PET as a surrogate measure of safety. As in theeildabm study, the conflict being
studied is between a left-turn vehicle and an omgpthrough vehicle at a signalized
intersection. This task involved data collectioradtitional intersections, evaluating the
properties and distribution of PET, and finally kexading its effectiveness as a surrogate
measure. This study, in addition to developing st-effective data collection procedure
for obtaining a statistically sufficient PET datangple, was designed to evaluate the

potential use of PET as an effective surrogate oreas safety.
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Research Approach

The primary data collection methodology for the PETidy was video recording of the
traffic streams from an elevated viewpoint. Thetom frame-by-frame video reduction
software program developed for the Habersham Stuadyfurther adapted to increase the
efficiency in extracting PET data. Significanta@ffwas devoted to developing a data
collection scheme with a minimum level of equipmdaployment, eliminating the need
for permanent or high mounted equipment instaltetio For instance, in this effort all
video data collection was accomplished through uke of standard tripods, with no
additional height required.

It was expected that one of the major applicat@BET will be to determine the
potential effectiveness of any safety treatment countermeasures applied at an
intersection without having to wait the typicale@bryear period for collecting the incident
data. In such an application, the intersection tmrd before and after the treatment
would be the same, except for the treatment andna@ngr volume fluctuations. Thus,
the difference in the before and after PET dataulshbe attributable primarily to the
effect of the treatment, potentially allowing PEdtalto be an accurate indicator of safety
differences. However, in this effort it was not gibde to collect before and after
treatment data at sites where treatments wereeapplhus, to evaluate the effectiveness
of PET as a safety indicator intersection pairg tieal similar operating conditions but
different crash frequencies were selected.

In addition, the conflict between left-turning aodposing through vehicles is a
primary conflict in which safety may potentially beflected by the PET data. Therefore,

the frequency of crashes which occurred due todbiglict was directly considered. To
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reduce potential confounding variables in the mhirdersection PET analysis (such as
different driver populations, AADTS, intersectioreamnetries, etc.) a corridor level
analysis of crash frequencies was used to seledirst candidate intersection pair. The
first pair was selected to maximize the similarity characteristics while having
substantially different crash frequencies allowfoga pair-wise comparison to evaluate
the effectiveness of PET. As will be discussedhim following sections for the second
intersection pair the requirement for the pairddrsections to be on the same corridor is
relaxed, while maintaining similar geometries, AD&&.

Accident records for the years 2000 through 200%9ewmocessed to generate
candidate intersections for the PET study. Dateevesralyzed from crash records from
the sanitized crash database provided by GDOT é&sul wsing the CARE software
(CARE CRASH ON-LINE ANALYSIS n.d.). Data were cated primarily during peak
and off-peak periods, under day-light, non-incletneeather conditions.

The first selected intersection pair was GA 10 (M&t) at Henry Clower
Blvd/Oak Rd and GA 10 (Main St) at Grayson PkwyGwinnett county, Georgia. The
distance between the intersections is 1.2 mile® ifkersections have similar AADT
counts, signal control, and geometries but havieréiit crash frequencies between left-
turn and opposing through vehicles. Initial videmtad were collected during off-peak
hours (data collection dates/times listed in DatlgCtion and Results). It was decided to
collect data during off-peak hours as few suffitigaps are available for the left-turn
vehicles to turn during the peak hours. Data ctblecat both intersections was carried
out simultaneously to ensure consistency in thesdpopulation.

Video data collected at the two intersections weegluced in a laboratory
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environment using a modified version of the custoedeo reduction software developed
earlier. The images below (Figure 28 and Figures?@w the views of the intersections
as seen with the custom software interface. A sste#t of the intersection of GA 10 at
Grayson Pkwy is shown in the Figure 28. The reddion the picture represent the paths
of the through vehicles and the blue numbers orstheen represent direction identifiers
for user input. For example, Eastbound-Left is ettanto the software as 62 (from: 6,
to: 2), Eastbound-Through as 64 etc. Figure 29 shavsimilar image of the Henry

Clower Blvd. intersection.

‘ Drawlines ]

Figure 28 Intersection of GA 10 with Grayson Pkwy

54



Figure 29 Intersection of GA 10 with Henry ClowdvdBOak Rd

Data Collection and Results

The crash data shows that the ratio of the numberashes which occurred at the
intersection of Henry Clower Blvd/Oak Road and thad the intersection of Grayson
Pkwy is approximately 1:6. As a surrogate to crdata, the PET data is expected to
correlate with the crash data at some threshold ®iife. The first set of PET data was
collected at both intersections on OctobBr2010 during off-peak hours, from 10 AM to
Noon and again from 1 PM to 4 PM. In Figure 30 @yrbe seen that no significant
difference in the PET data collected at the twarsgctions were captured. This is
particularly true at the lower end of the distribat which is thought to be correlated to
crashes. To evaluate the consistency of the resadiditional data were collected on
April 7" 2011 during the same time periods as the first dat. Though there is more

divergence between the distributions of PET datkected at the two intersections in the
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second data set than the first, the distributiditissggnificantly overlap at the lower tall

of the distribution with PET values of 3 secondsess (Figure 31).

Figure 30 CDF plots of PET data collected on Octo#f& 2010

Figure 31 CDF plot of PET data collected on Apfl, 2011
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Since the non-peak data did not show a signifidéfégrence in the CDF plots of the PET
data collected from the two intersections, on M&y 811, data was again collected at
these two intersections, but during the PM peakrhiéiom 4 PM to 7 PM. This data
shows that the Henry Clower Blvd/Oak Rd intersechas higher proportion of low PET
values than the Grayson Pkwy intersection, whictoistrary to what might be expected

from the crash data (Figure 32).

Figure 32 CDF plots of PET data on the May 6th, 201

Thus far, the analysis has considered only the PESportions at each intersection.
However, it has been seen that the proportion ofsPEelow a threshold at the two
intersections fails to sufficiently reflect the féifences in crash data. Next, it was
explored if the absolute number of PETs observddvba threshold value could be
considered as representative of crash propensgur@ 33 and Figure 34). From the non-

peak data (Figure 33), it can be seen that the ruwPETs 3 seconds or less is similar
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for the Grayson Pkwy intersection and Henry CloB&rd/Oak Rd intersection. If we
extend the threshold to 6 seconds, the Grayson Rkigysection had a slightly higher
number of PETs than Henry Clower Blvd/Oak Rd. Ftbe PM peak hour data, it can be
seen that the number of PETs 3 seconds or lessgigerhfor the Grayson Pkwy
intersection than for Henry Clower Blvd/Oak Rd mstction. This observation matches
the incident data trend (Figure 34). Thus, for tims$ersection pair, the absolute
cumulative frequency count reflects the same patisrseen from crash data, though not
in the same magnitude. However, while the absalutaulative frequency counts echo
the pattern found in the crash data, it does nfleatethe magnitude of the crash

difference.

Figure 33 Absolute frequency counts of the non-peak PET data
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Figure 34 Absolute frequency counts of peak hour Bé&ta

After the analysis of the data collected from te intersections, it was determined that
for the next set of additional intersections, tbadition of both the intersections being on
the same corridor could be relaxed. This wouldvalkbe team to choose a pair of
intersections with a more significant differencetime crash history while still having

similar geometry and traffic volumes. The additioimdersections selected were Wieuca

Rd at Roswell Rd in Fulton County (Figure 35) anafddd Hwy at Sugarloaf Pkwy in

Gwinnett County (Figure 36).
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Figure 35 Intersection of Roswell Rd and Wieuca Rd

Figure 36 Intersection of Buford Hwy and SugarlB&fvy

The intersection of Roswell Rd and Wieuca Rd ha@ [Eft-turn opposing through
crashes from the years 2000 to 2009. It raffkin3he total number of left-turn opposing
crashes at intersections in Georgia based on dashaggregated over this time period.
Therefore, it is an intersection which can be odesd to have a high potential for
crashes with respect to the crash type being ceresid The intersection of Buford Hwy

and Sugarloaf Pkwy had only seven left-turn opppsimough crashes over the same 10
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year period. The ratio of the total number of lefta opposing through crashes at these
intersections is approximately 20:1.

Video data at these intersections were collectethgypeak and non-peak hours.
Data at the intersection of Roswell Rd and WieudanRre collected on May 312011
from 7 AM to 12 Noon while data at the intersectajrBuford Hwy and Sugarloaf Pkwy
were collected on Juné’32011 from 2 PM to 7 PM. The video data were lageiuced
to obtain PET data (Figure 37).

An investigation of the PET data collected at thiese intersections shows that
approximately 25% of PET data collected from theensection of Roswell Rd and
Wieuca Rd are less than or equal to 3 seconds a$hemy 4% of PET data collected at
the intersection of Buford Hwy and Sugarloaf Pkweg kess than or equal to 3 seconds.
Data also shows that for a PET value of 1 seconesst the cumulative probability value
for the intersection of Buford Hwy and Sugarloafwgkis 0.202 while that for the
intersection of Roswell Rd and Wieuca Rd is 2.7Bjclw is approximately 14 times
greater. As the PET value increases, this ratioedses to approximately 5 and is never
greater than the 14 found at a PET value of 1 skcdins also observed that there are no

measured PET values below 0.5 seconds at eitlezs@ttion.
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Figure 37 CDF plots of PET data collectédtee second pair of intersections

Similarly, as argued in the first set of intersecs analyzes, the absolute number of PETs
observed below a threshold value could also beidered as representative of crash
propensity. The intersection of Roswell Rd and W#&Rd had 72 interactions which had
a PET value of 3 seconds or less whereas the éatesa of Buford Hwy and Sugarloaf
Pkwy had 22 interactions in this PET range. Theeefthe absolute frequency of PETs
below a threshold of 3 seconds shows a ratio of .32gure 38 shows ratio for each

threshold value.

Figure 38 Ratio of absolute frequency counts betMREET data of the two intersections

62



For a PET value of 1 second or less, the intersecf Roswell Rd and Wieuca Rd has 8
times more observations than those from the intése of Buford Hwy and Sugarloaf

Pkwy. As seen in Figure 38 as the threshold valueeases, this ratio factor decreases.

Conclusions

The first pair of intersections studied (GraysowRkand Henry Clower Blvd/Oak Rd,
both with GA 10) has an incident ratio of approxieta 6:1 for the left-turn opposing
through crashes which occurred from the year 2@0Q009 while the second pair of
intersections (Roswell Rd with Wieuca Rd and Bufdkely with Sugarloaf Pkwy) has an
incident ratio of approximately 20:1 for the sanmash type and time period. The
analysis of the PET data collected at these intéses showed that the Grayson Pkwy
and Henry Clower Blvd/Oak Rd intersections did sledbw any significant difference in
the PET data distribution. The intersections of Reswell Rd with Wieuca Rd, and
Buford Hwy with Sugarloaf Pkwy, on the other hastpwed significant differences in
the PET data collected. Therefore, it can be hywided that PET, as a surrogate
measure of safety, might be sensitive to the diffee in safety between the intersections.
It is possible that PET may act as an effectiveogate for comparing safety of two
intersections having high differences in crashefienih may not capture the difference
between intersections which are moderately diffenersafety or that significantly more
data is needed to capture such differences. Thie Wor the given intersections, PET
has demonstrated the potential to distinguish batwdighly significant safety

differences. It remains uncertain what level ofesafdifference may be identified.
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Additional research will be needed before PET carviewed as a robust quantitative

surrogate measure for estimating intersection gafet

Implementation

Given the results of the current study, PET datkédy most suited for use in the before
versus after evaluation of safety treatments wleeragnificant safety issue is being

addressed. In this situation an identified diffex@in PET value is likely indicative of a

safety improvement. Failure to find a PET diffezeimndicates that a safety improvement
may exist; however, the PET data is not able téecefthis difference or no safety

improvement has been obtained.

To allow for successful use of PET data by the @Gi@orDepartment of
Transportation, it is recommended that for safegatinents that address potential
encroachment time issues PET studies be comple&ddreb and after treatment
implementation. Traditional incident based studgt®uld still be completed after
sufficient time has elapsed at each treatment teiteerify the PET findings. The
traditional incident based analysis will not onlyopde a direct measure of safety
improvements but allow for continued developmentPET analysis. Of particular
interest will be the fidelity of PET data to theioaof incidents (particularly in studies of
before versus after conditions) as well as invasitig the quantity of PET data required
for analysis. As additional data becomes availatile reliability of PET data will
become better known and PET analysis will be ablbet targeted at locations where it

may prove most informative.
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