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SUMMARY

There are many reasons for traffic signals to nmaifion such as damage to the
controller assembly, conflicting signal indicatiopre power fluctuations. When the
conflict monitor detects a problem the intersectiam be put into a flash mode. Flash
mode will either show yellow/red or red/red flaghisignal indications. A yellow/red
flashing mode indicates to drivers approaching yedow flash to pass through the
intersection with caution and for those approachimg red flash to yield. A red/red
flashing mode would indicate to all drivers thae timtersection should be treated as a
four-way stop.

Malfunctions flash events occur randomly and canse confusion for drivers
who do not know how to treat the intersection. tysfive malfunction flash crashes were
examined out of the reported crashes in Georgilmg#006. In an effort to gain an
understanding of the relative behavior of crashiiemnaintersection in malfunction flash
compared to other crashes the 2006 Georgia crashadalyzed using several different
categorizations: all crashes, signalized intersactrashes, two-way and four-way stop
controlled intersection crashes, and malfunctiaasHhl crashes. Out of these groups
yellow/red malfunction flash crashes more closeblate to two-way stop sign
intersections when comparing characteristics siscmanner of collision, severity, and
contributing factors. Although malfunction flastode is an operation of traffic signals it
is functionally similar to two-way and four-way ptotersections.

Analysis of collision records from the GDOT accitelatabase occurring under

conditions of malfunction flash found that rightgém collisions represented a large



majority (73.8%) of these collisions. In the otheash groups reviewed right angle
collisions represent a greater portion of fataditiGAll Crashes: 55.2%, Signalized
Crashes: 87.5%, Two-way and Four-way Stop: 82.8%4).option for reducing the risk

of right angle collision is to consistently useyntd/red malfunction flash. In previous
studies it has been found that red/red flash didhawe significantly higher crash rates
than normal operation, while yellow/red did haveiaarease in right angle collisions

[10].



CHAPTER 1

INTRODUCTION

The Manual on Uniform Traffic Control Devices (MGD) [1] describes that,
during normal operation, traffic signals can redtlee occurrences and severity of right
angle crashes, allow for more efficient traffiovfl, and provide for an orderly movement
of traffic. Occasionally there may be disruptiotieat put drivers into unfamiliar
situations, such as a signal under flashing operatiAccording to surveys discussed by
Jenior [2], malfunction flashing operations wereage occurrence with a median of .05
reported outages per signal per month for trafictol agencies throughout Georgia. It
is in these unusual situations that there is a@onfor driver expectancy and safety.

There are several different modes of flashing afo@n that can be used for a
signalized intersection. These flashing operatioades include; programmed flash
(predetermined time period of flash, most oftenirutow demand periods), technician
(manually set from the control cabinet so a tedhnienay perform maintenance), police
panel (started by an officer, at the control cabise that they may direct traffic), and
malfunction flash (activated when the conflict ntonng unit determines there is an
signal error or improper operating voltages) [1, 3]

When one of these situations occur, the signal thsglay yellow on the main
road, red for the minor or it may display a redsfidor all directions. The usual design
for flashing operation is to have a flashing yellowdication on the major road and a
flashing red on the minor road. State regulatimay vary slightly, but the Unannotated

Georgia Code [4] defines yellow and red flashirgmnals as the following (40-6-23):



* Flashing Red — “When a red lens is illuminated walbpid intermittent flashes,
drivers of vehicles shall stop at a clearly marlstop line... and the right to
proceed shall be subject to the rules applicalés aiaking a stop at a stop sign.”

* Flashing Yellow — “When a yellow lens is illumindtevith rapid intermittent
flashes, drivers of vehicles may proceed through itliersection or past such
signal only with caution.”

Most of these flashing operation modes are plarateshd of time by the local
police division, traffic signal maintenance crews,by traffic engineers. In these cases
drivers could expect direction or the flash opermatio be resolved fairly quickly. In the
cases of malfunction flash the signal may be ishilag operation for about two hours,
potentially much longer, after a call is made te thaintenance agency [2]. Also, a

malfunction flash event is relatively rare to enctan and can lead to driver expectancy

issues as described by Jenior and Bansen [2, 3].

1.1 Study Need

The MUTCD allows for engineers to use their owdgment on whether to use
red/red or yellow/red flashing operation accordiaghe guidance in section 4D.11 [1].
To make this decision engineers depend on pasandsé order to balance safety and
traffic performance. There are several previousliss that analyzed traffic during a
programmed flash, but there has been little rebeato malfunction flash. Programmed
flash is inherently different from malfunction fladecause it is known prior to its
activation and its risks can be minimized. A peliofficer can be stationed at the
intersection during the flash operation or repasa be done during low demand time
periods.

Malfunction flashes can occur at any time regasllef the demand on the

intersection. Common assumptions of programmeshf@eration cannot be applied to



malfunction flash operation. Drivers may not oleffic laws due to their unfamiliarity
with flash operation, and without some guidancthatintersection itself may make some
unpredictable choices. Driver expectancy, priopegience, roadway conditions, and
potential high demands during malfunction flash atdactors that make assumptions of
programmed flash operation inappropriate to applyalfunction flash operation. Jenior
found that at several intersections, with yellow/flashing operation, more than 50% of
drivers stopped at the yellow indication [2]. # in these unpredictable aspects that
malfunction flash differs from the other forms d¢dghing operation. Because of these
unique characteristics many of the previous wonki® iflashing operation are not
applicable in the case of malfunction flash crash@sere is a need for engineers to
analyze actual malfunction flash crashes to be mwrare of how to increase safety in

the design for malfunction situations.

1.2 Study Objective
The objective of this research is to advance tha af malfunction flash research
and to describe what can be expected of malfunéiésh crashes. This thesis will focus
on malfunction flash crashes in the 2006 Georgipadenent of Transportation (GDOT)
crash record set. By classifying crashes as umdired or yellow/red malfunction flash
a statistical analysis can be done to determine tdharacteristics. Through this crash
analysis a ‘typical’ malfunction flash incident care described and be used as

background for future design decisions.

1.3 Study Overview
The focus of this research is on the analysi©ef2006 GDOT crash reports and

the GDOT crash database. These records were etthimm GDOT and then processed



through several filters. Due to the large volurhdata, computer programs were used to
find likely malfunction flash crashes and then ewsad and authenticated by a human
analyst. These confirmed crashes were then lodatéde GDOT crash database and
used for much of the analysis in this thesis. alhlysis was done after the incidents
occurred and were based on information within GD@€ords and no personally
identifiable information were used in results répdrhere.

Much of the research focused on reviewing prigeréiture about flashing
operation and crash analysis. The literature ssuoreated a framework for the later
analysis of the crash data. After reviewing therditure it was found that there was very
little analysis of crash data at intersections miyinmalfunction flash operations. Most
research was focused on programmed flash espedi#iiyg low demand, early morning
time periods. The discussion of the literatureCinapter 2 will be focused on crash
analysis techniques and the current body of knogdeaélating to flash operations.

Chapter 3 describes the process of collectingcthsh data and filtering for the
malfunction flash crashes. An in-depth discusssopresented on the use of OmniPage
16 Professional ®, the search methods used toddikaly crash reports, and the process
to authenticate malfunction flash operations.

Chapter 4 is an analysis of the characteristicenaffunction flash crashes as
compared to other groups of crashes. For thisgleashes for 2006 Georgia crashes
were split into four groups; all crashes, signalirgersection crashes, two-way and four-
way stop intersections crashes, and malfunctishfaashes.

Each of the crash categories were evaluated amgpa@d based on several areas.

The categories for this review were crash sevemtgnner of collision, and contributing



factors. Malfunction flash crashes were examinased on urban and rural locations as

well as the type of malfunction flash mode used.



CHAPTER 2

LITERATURE REVIEW

Flashing operation of traffic signals has beerdusg many jurisdictions during
early morning hours to reduce delay and lower gtedtcosts, or to try to minimize risks
from impatient drivers [5-10]. Although the resgarshows that while there are
advantages to using flashing operation, there laeseveral safety concerns that should
be addressed on a case by case basis. Seveiabstfiflash operation since the 1970’s
have reexamined some of the basic assumptionssofisé, such as, drivers always
obeying traffic laws, and the extents of the adages provided by flashing operation [3,
5,6, 8,9, 11, 12]. These studies tend to adraeuse of flashing operation increases the
severity of crashes by an increased risk of rigigla crashes [5, 6, 9, 10, 12]. With
mixed advantages, disadvantages, and a lack offispgeidance about flash operation
most jurisdictions must make their decisions on tike of flash and the flash model
based on previous experience and accident reports.

Most studies, since the 1970’s, were focused agrammed flash operation
during early morning hours. Although malfunctidash and programmed flash do share
similar problems, drivers can face added risk duarmalfunction flash [2, 3, 5-10, 12].
Malfunction flash can occur at any time of the deggardless of the current demand on
the intersection. This can present drivers witldificult situation they would not
normally face with other types of flash.

There were few sources of information that diseetlidressed malfunction flash.

While some of the previous work on programmed flasin be used as a basis for



research into malfunction flash, much of it canbetapplied. As malfunction flash is a
random event it may not fall within the very lowlwme scenarios typically assumed for
programmed flash. Researchers into programmedh fltese used several different
means in order to reach their conclusions, suclsiagjlations, accident records, and
surveys [2, 3, 5-10, 12-14]. The studies tenduttinately agree on certain methods of
determining if programmed flash operation is needed whether yellow/red or red/red
flash should be used (volume ratio, accident his$pand sight distance). The literature
typically examined intersections with low traffitofs, except for two sources by
Oricchio and Kacir respectively [13, 14]. Oriccl@agamined simulations of a major and
minor road intersection of two lanes each withm@d®00 veh per hour. Kacir examined
a five by four geometry with up to 900 veh per hfmrrthe major road. No literature was

found that examined the crash history of flash apen during high demand periods.

2.1 Summary of Previous Studies of Malfunction Opeation
The following section is a summary of the majaea@ch sources describing flash
operation. Several of these sources are also stumaddy Benson, Jenior, and Oricchio
[2, 3, 13]. This section will review flash opemti studies that focus on crash histories

and safety.

2.1.1 Federal Highway Administration (1980)
During the 1970’s the FHWA began a major study itite subject of flashing
operation. The overall goal of the study was tevaar the following questions [10]:
* “Under what circumstances should traffic signals dyerated in a flashing

mode?”



*  “Where flashing operation is used, when shouldaiteha yellow/red pattern and
when should it have a red/red pattern?”

To answer these questions the study utilized spraredures [10]:

* “Aliterature review of standards and past reseataties”

* “Areview of applicable state laws”

* “A questionnaire to state and local traffic engirseegarding their practice and
personal experiences”

» “A questionnaire to drivers regarding their undamnsting of flashing operation”

* “Field studies of operations and safety”

* “An analysis of the effects of flashing operation fuel consumption, vehicle
emissions and signal costs”

* “An analysis of analytical models that can be usedpredict the effects of
flashing and regular signal operation”

The study starts with an extensive literature eeavihat goes back to the first
MUTCD printed in 1934. Originally, the MUTCD suggled the use of flashing
operation during any two hour time period that drayglow the volume warrants. The
most recent MUTCD, at the time of the study, rec@nded that if the volume should
drop below 50 percent of the volume warrant forrfou more consecutive hours flash
could be considered, except for actuated signdlse study shows how the guidance
changed over time to become increasingly restectivits recommendation of flashing
operation. The literature review goes on to déscseveral studies that investigated

flashing operation. In most studies it found tha use of yellow/red flash reduced



delay, saved energy, and reduced gasoline usdsolfound that there was an increase in
accident rates, and in particular right-angle ceasim several of the studies.

The study also investigated the state of traHiwd regarding flash operation for
all fifty states. As of the report, in 1980, thest@tict of Columbia and every state except
for Kentucky used a regulation very similar to tbkbowing [10]:

“2. FLASHING YELLOW (Caution Signal). — When a yeW lens is

illuminated with rapid intermittent flashes, drigerof vehicles may
proceed through the intersection or past suchrabanly with caution.”

There is a similar comparison made to the definibf a flashing red light in that
in the District of Columbia and most states hagawlar definition [10]:
“1. FLASHING RED (Stop Signal). — When a red lesslluminated with

rapid intermittent flashes, drivers of vehicleslsbep at a clearly marked
stop line...”

Kentucky was the exception to these because itfaasd to not have defined
flashing signals. Massachusetts and Pennsylvaeie wot listed as having similar
flashing red regulation with slightly different wabng.

The FHWA sent a survey to find the state-of-thetar practices of flashing
operation. This survey was sent to 360 separatacigs in all 50 states, Puerto Rico,
and the District of Columbia [10]. There were 2&¥ponses to the survey which
represents 69 percent of the agencies picked éosudhvey. Of the responses 18 were not
used due to being late or incomplete. When thpomdents were asked if they use
flashing operation during low-volume periods 14plied that they did and 85 replied
they did not. Seventy-nine of the respondents #Haatl they used signal warrants for
placing signals into flashing operation. The mosmmon warrant in among the

responses was the traffic volume below 50 percktiteosignal warrants for a period of 4



hours or more. Of the respondents 147 said théy wsed yellow/red flash in their
districts while 20 said they used red/red flashnother 37 respondents said they used
both flash modes within their districts.

Another survey was also sent to 352 different efgvto analyze their
comprehension of traffic control concepts [10]. eTHdrivers were asked if they
approached a signal that was flashing yellow, wdhél/ stop and yield, or would they
slow down and proceed with caution. Ninety percamswered correctly in that they
would slow down and proceed with caution. The sameers were asked what they
expected the cross-street traffic to do, at theesaignal; about 50 percent of drivers
responded correctly.

A detailed analysis of infield data was condudreen data tapes containing San
Francisco crash records from January 1, 1974 tol 80r 1977 [10]. The data came
from 520 intersections and was split into two tipexiods, those that occur when flash
operation is used and when it is not. Through mparison of data from both time
periods it was found that there was an increagbdrcrash rates under yellow/red flash
mode. This was mainly due to the large increasggim-angle crashes, form .13 to .40
right-angle crashes per year per intersectionersetctions that used red/red flash mode
did not experience a significant difference fronmmal operation.

This study remains one of the most comprehensiveestigations into
programmed flash. Its approach to analyzing tlestctrdata was used a basis for the

research outlined later in this thesis.

2.1.2 Akbar and Layton (1986)
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Akbar and Layton published a paper callctident Experience of Flashing
Traffic Sgnal Operation in Portland, Oregon in issue No. 1069 of the Transportation
Research Record [5]. The paper summarized staistnalysis of 30 intersections in
Portland, Oregon to determine the differencesnif, detween flash operation and full-
color operation. Signalized intersections wereuged on the following criteria: volume
ratios, street classifications, types of approaclagproach speed limits, and parking
conditions [5]. The crash data came from comprgeords from the Portland Bureau of
Traffic Engineering. This data was then split iriefore-and-after groups by when
flashing operation was started at several inteisest

The researchers found that most intersectionsghihg operation tended to have
higher severity accidents than those in full-caperation [5]. In particular it was found
that right-angle accidents increased significantResearchers suggested that this could
be due to that fact that conflicting movements ravdonger separated by the signal. It
was also suggested that the drivers may have beefused by the situation or had

trouble in determining when it would be safe toeenihe intersection.

2.1.3 Gaberty Il and Barbaresso (1987)
A paper calledA Case Sudy of the Accident Impacts of Flashing Sgnal

Operations Along Roadways was published in the Institute of Transportatiargifeers

Journal(ITE Journal) on July 1987. The study was a \aiah of a preliminary study by
Barbaresso in 1983 titldelashing Sgnal Accident Evaluation. Data was collected from
Traffic Improvement Association of Oakland CountyA) records for 59 intersections

between January 1980 and September 1985. Thesantems in the study had

11



previously used flashing operation and were thesngbkd to operate under full-color
operation. This would separate the data into ‘tefand ‘after’ sets for comparison.

Gaberty and Barbaresso found that there was asignyficant change after the
intersections were changed to full-color operatioBetween 1980 and 1983 the
intersections used flashing operation and recof&dright angle crashes [12]. Of those
crashes there were 3 fatalities and 124 seriousopal injuries. During the period of
1984 to September 1985 the intersections useddldik operation and recorded 8 right
angle crashes. Within those 8 crashes were 3 parsyguries and no fatalities.

The researchers concluded that operating in fithc mode significantly
decreases right-angle crashes [12]. They alsodfdhat rear end crashes were not
significantly reduced by the transition to full-ooloperation. Based on their results the
researchers suggest that flash operation shoulctdmsidered according to signal

warrants, but that right-angle crash history shaldd be taken into account.

2.1.4 Parsonson and Walker (1992)

Parsonson and Walker published a research artelled Issues in Flashing
Operation for Malfunction Traffic Sgnals in the September 1992 edition of the ITE
Journal[8]. The article addresses the question of [8]:

“If main-street volumes are too heavy for sidestrtraffic to enter or

cross, or if visibility for side-street traffic ipoor, how should an
intersection be operated when a signal malfunaaurs?”

The article also discussed the current standamdscancerns about the use of
flash operation. It was stated that in the pretg@O0 years signal control equipment had
sufficiently improved in quality that fewer malfumen flash incidences should be

occuring. However, this reduction in malfunctidash incidences may not be realized

12



due to the conflict monitor's increasing ability theck for several different types of
system errors [8]. Another concern that the astlexamined was that of sight distance
for intersections in malfunction flash. Field obhs#ions in the Atlanta area found 10
intersections that would have insufficient sigtgtdnce during a yellow/red flash. Speed
limits along the major streets, for these intelisest were between 35 and 45 mph [8].

Eight traffic engineering agencies were askedhswers a set of questions during
an interview about their policies about malfunctitash [8]. All eight traffic engineers
stated they used yellow/red flash while five sdieyt also used red/red flash. Five
engineers stated they considered sight distance déeiding whether to use yellow/red
or red/red for the flashing mode. These enginasesl their experience and judgment to
evaluate sight distance.

This article shows how guidelines can differ froegion to region on a similar
problem. It also goes on to suggest that traffigieeering agencies should evaluate the
intersections that use yellow/red flash for propght distance. The article offers that
one option for these intersections is to requgsili@e office when a malfunction flash is
detected. This would minimize risk and allow fatter traffic flow until a maintenance

team can arrive.

2.1.5 Kacir, Hawkins Jr., Benz, and Obermeyer (1995

Kacir et. al. published a study titl€zlidelines for the Use of Flashing Operation
at Sgnalized Intersections in the October 1995 edition of the ITE Jourfigl The study
reviewed the current practice, operation, and cefla in order to answer these two
questions [7]:

* “Under what circumstances should signals be platédshing operation?

13



* When flashing operation is used, what color indaset should be displayed to the
various approaches?”

In the review of the current practice they foundaek of adequate guidelines
about the implementation of flashing operationie Thethod of evaluating the need for
flashing operation would depend on the districtd @ould vary between neighboring
districts [7]. The most commonly considered fastare traffic volumes, time of day,
accidents, and day of week. The decision betweamguwellow/red or red/red flash is
usually determined after reviewing accident histacgnsistency with other flashing
signals, geometrics, sight distance, and speeds [7]

The authors undertook an operational analysislashing operation using the
TEXAS and TRAF-NETSIM simulation models [7]. Delger vehicle was used to
determine effectiveness in each model. Pre-timed actuated signals were tested
against signals in yellow/red and red/red flashrapen. The study found that, in most
cases, yellow/red flash had the lowest delay wteldyred flash had the highest delay.
Yellow/red flash was found to be most appropriateew the volume ratio (major to
minor) was great than 3:1 [7].

The final recommendation from the study was tHashf mode should not
generally be used at actuated signals since dsldpw. Yellow/red flash may be
appropriate at pre-timed traffic signals under ¢hesnditions; major street two-way
volume is less than 500 vph, minor street volunmeds than 100 vph, volume ratio is 3:1
or more, and no more than one crash at the inteysein the previous two years [7].
Red/red flash has similar restrictions with theepton of the volume ratio being less

than 3:1 and it should be an isolated intersection.
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2.1.6 Polanis (2002)

In the April 2002 edition of the ITE Journ&olanis published a study called
Right-Angle Crashes and Late-Night/Early-Morning Flashing Operation: 19 Case
Sudies [9]. It is uniqgue among the other studies listedhis literature review in that it
has three groups of data; before, after, and anseafier. It was found that after the
intersections started to use full-color operatioeré was a decline of 78 percent, in right-
angle crashes, at the 19 intersections under st8dyintersections were involved in the
second after period. For this after period it i@snd that the right-angle crash rates
were at similar low levels of the first after peatio

Polanis goes on to discuss the issue of usingifigsoperation for minimizing
delay. About a third of the 19 intersections cewdein this study had volume ratio of 3:1
or more, which is the minimum suggested cutofftfer use of yellow/red flash in other
studies [9]. Despite guidelines in other studiaggesting flash operation could be
favorable at these intersections Polanis foundtthatguideline does not guarantee a low
likelihood of right-angle crashes. It is suggesthdt the argument for using flash
operation to reduce delay should not be made irergénbut used carefully with

monitoring.

2.2 Literature Review Summary
Most research about flash operation has focusedlmn preprogrammed night
flash should be used and associated safety concerrseveral studies it was shown that
yellow/red flash operation reduced the delay favals at night when used in place of
normal operation. The same studies also descrdadety a concern that normal

operation at night may cause drivers to ignore tiladfic signal resulting in risky

15



situations. When flash operation is used at nigbiyever, there was an increase in crash
rates in almost all the reviewed studies, espguigglht angle crash rates.

Malfunction flash operation represents a very edéht situation from that
examined in the previous studies. Preprogramnaeth fbperation is designed to occur at
low demand time periods while malfunction flash @i@n can occur at any time.
Malfunction flash operation can occur when therbigh demand at the intersection and
it is unknown whether assumptions of preprogramrfladh are true under those
conditions. Further study is needed to examinetgafoncerns and driver behavior at

intersections in malfunction flash.
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CHAPTER 3

DATA COLLECTION AND FILTERING

In the literature there is a consensus that dufleshing operation right-angle
crashes tend to increase, however the literatuowiges little detail on the crash
characteristics, other than they occurred undeshfloperation [5, 6, 9, 10, 12]. This
study will provide further investigation into théaracteristics of these crashes using a
combination of crash reports and accident databases

The Georgia Department of Transportation (GDODyvjuted electronic versions
of crash reports for calendar year 2006 in AdobeoBat© (pdf) format. These crash
reports were the scanned copies of police repaodgiged to GDOT that contained the
information used to populate the crash databa3dwe police crash reports contain the
drivers’ information, car models, observations, asttements of those involved.
Unfortunately, there is limited time to collect @anfhation and the preprinted forms only
request the most commonly needed information. félras contain a ‘Remarks’ box that
allows the officer to write a description of thesh scene and record testimony of those
involved. The remarks box is where an officer wodddcribe important facts that are not
covered elsewhere on the form.

GDOT also provided a database that contained nrdton on the crashes, the
locations, road geometries, weather, and sevenal aharacteristics. This information is
taken from police crash reports to create a motaildd document describing the crash.

It is from this document that much of the datatfos study were taken.
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Although the crash reports and crash databasaiocomtgreat deal of information,
there are still some pieces of data that are stdidirectly. The provided crash database
does not contain an entry to record whether thersettion was operating under
malfunction flash. The only method available taedmine if the crash occurred under
malfunction flash is to read the Remarks box inheawdividual crash report for
comments from the officer.

Reading all of these reports proved impracticalfoa 2006 over 340,000 crashes
were reported in Georgia. To find the crashes ¢loatirred during malfunction flash an
automated search method was required. A simpéetdnethod was not possible as the
provided crash reports did not have searchable téiterefore, the PDF files were
converted into a searchable text format using angeroial text recognition program
(OmniPage® 16).

With the combination of the Georgia crash datalzesktext files, electronic key
word searches were possible. These key words weremon descriptors of a
malfunction flash event and would be used to creasmaller list of candidate crashes
that may involve malfunction flash. These candidatashes were then reviewed
manually to confirm if they were a crash during fuattion flash conditions. After a
series of confirmed malfunction flash crashes wdentified, additional information
could be retrieved from the GDOT crash data andsemgient analyses could be

performed.

3.1 Data Preparation

This section describes how the data was filteretipaepared for analysis.

3.1.1 Data Sources
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The data was provided by GDOT in two forms; PD&®l a Microsoft Access
database. Crash reports were in the PDF formalh, summary details provided in the
Access database. Crash report files were scammages of archived microfilm and
because of this the PDF files did not have editéte The Georgia Crash database was
provided in Microsoft Access 2003 format. Thigfderved as the source of a majority of

the data used in this study.

3.1.2 Filtering Crash Reports

A malfunction flash crash is a rare event amongralshes. With over 340,000
listed crashes for 2006 it would be extremely timensive to read through each crash
report to determine if the crash occurred duringlfunation flash. However, by
understanding a few characteristics of malfunctilash crashes, the list of potential
crash records that require by-hand review to detexnf malfunction flash was a factor

can be reduced.

3.1.2.1 Database Filtering

As malfunction flash operations only occur at sigred intersections only those
crashes that the Georgia Crash database listsiag &diea signalized intersection were
considered. The number of candidate crashes ticatrr@d at signalized intersection may
be further reduced. In the Georgia Crash databigsmlized intersections are listed as
Traffic Control Device (S), Traffic Control with Eestrian Signalization (P), and Traffic
Control Device with Turn Arrow (L) under the LOC GNAL_TYPE variable. For this
study only S and L type signalization is includefso, as this thesis will only examine
malfunction flash crashes between drivers crasht imaxge a Total Number of Vehicles

(TNV) variable of two or more.
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A new query was created in Microsoft Access thaul display the accident
identifier, total number of vehicles, and the sigtge. In the database a new
relationship was made between the variables ACGQNI®LOC_ACC _ID. This variable
relationship ties together information betweenttiges in the GDOT accident database.
In the criteria box below the LOC_SIGNAL_TYPE atredion was typed in to only
allow signalized intersection crashes to be disggdayyS” or “P” or “L”). For the criteria
box of the TNV variable the restriction was to onhclude crashes with at least 2
vehicles (*>1).

After applying these filters to the Georgia Crdsitabase there is a potential pool

of 72,968 crashes.

3.1.2.2 Type-Written Filtering

Even with the reduction of candidate crash reca@dsearch of the remaining
records to identify malfunction flash incidents uegs automation.  When reviewing
the available collection of PDF crash reports iswdsscovered that not all crashes were
included. Of the 72,968 candidate crashes idedtibnly 68,006 crash reports were
available in PDF format. The remaining 68,006 filesre a mix of typed-written and
hand-written crash records. The program that wsed uo transfer the files into a
searchable format was OmniPage® 16. OmniPageGatGaliably translate typed text
without previous training, however, the programuiegs training in order to translate
handwriting. As there could be hundreds of difféneolice officers writing the reports it
was not possible to train OmniPage® 16 in evergcas

Because of the issue of limited time only typetten crash reports were used for

this analysis. To create a pool of type-writterpomts involved another filtering
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procedure was developed. A Microsoft Visual Baspr@gram was created for a user to
quickly identify and record if a file was handweitt or typed. The program created a
record for each file and this record was used t @@ash reports as ‘hand-written’ or
‘type-written.” The user was also given the option‘Flag’ a file if they could not
determine if the file was typed or had some othsue.

For the Visual Basic program to function the PDtfiat matched the criteria in
the database filter were cropped to 1 page anderted/to JPEG format using Adobe
Professional©. This conversion allowed for simptele to handle recording the results
from the user. Cropping the crash reports allottedprogram to display just the page
with the remarks box, which the user used to detexni the record was type-written or
hand-written.

Figure 3.1 displays the interface presented touser for this stage of filtering.
The large space would contain an image of a rens&8on of a crash record (an image
is not shown to preserve data privacy). The reaaend click the appropriate button to
indicate if a record was type-written or hand-vemit When the reader cannot tell if the
crash report is type-written or hand-written frame displayed page they click the button
labeled ‘Flag.” These files would be reexamineddétermine in which category they
belong.

For this research the crash reports were sepanatiedolders with about 1000
crash reports each. Reducing the number of cigsbris being sorted at any one time
allowed the code to respond promptly to user congsarin the top left text box the user
would indicate the number of the folder being us@¢hen ‘Start’ is pressed the program

recognizes the crash reports the user has alreadkechand starts with the first file that
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is not marked as true (type written) or false (hamidten). The other buttons will now be
usable by the reader.

The program also has buttons labeled ‘Next PDE ‘dast PDF.” This allows
the reader to go back and see how they labeledogu®erash reports. Two text boxes
are located beneath these buttons to display tlee |dication and the ‘true/false’
designation. If the reader has not yet decideldeffile is type-written or not the text box
will display ‘Undesignated.’

The button labeled ‘Finish’ is used when the readsnts to complete the current
session. When clicked the program checks the mufofder for a previous set of result
and appends the new results into a new text filee end result of the program is a text
file that contains the location of each file antrae/false’ designation. Labeling a file as
‘true’ means the crash report was a type-writtecudzent while ‘false’ means the report

was hand-written.
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Figure 3.1 User Interface for Type-written Filtering

This additional level of filtering left a potentienalfunction flash crash pool of
42,729. A new field was created in the databaedcd yped’ where a yes was recorded

for each crash report that was identified as a-typgen document.

3.1.3 Conversion Software

After the crash report files have gone through phevious filters, those files
could than be transferred into a searchable formBb. translate the files an optical
character recognition (OCR) software was requir€lCR software is able to take an
image of writing and output that text into anotf@mat. For example, a JPEG image of
a letter is analyzed by the OCR software and a Vdouiment is created as the output.
The user now has an editable file that is a clggeaximation of the original document.
The same process is used to take the images ofr#sh reports and output a text

document that can be easily searched through @imgiPage® 16.
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OmniPage® 16 is capable of automating this processarge batches of files
accurately [15]. The program analyzes the PDFhcraports, recognizes the text, and
then outputs the results into the requested forri&e entire crash report was converted
into a text file. This was done because the remadction could not be selected for
every document. Some crash reports required lgngéscriptions which caused the
remarks to continue onto another page. This reduthat the entire document be
converted into a text file so that it could be sbad by certain keywords described in the

next section.

3.1.4 Malfunction Flash Search

After the entire crash report PDF had been coederito a text file it could now
be searched by using keywords. These keywordsaanenon descriptors of malfunction
flash events and were used to find the crash reploat most likely occurred under those
conditions. The following words were used in tlearsh for malfunction flash events:
malfunction, flash, mode, yellow, red, flashing,k@an light, signal, red/red, yellow/red,
lightning, ball, and traffic.

By searching for these terms a majority of thefumadtion flash crashes can be
found quickly without individually reading everypert. The search program was set to
search through every text file in a targeted fald€o account for small errors such as an
officer misspelling a keyword or the OCR programsieading a letter the program
performed a wildcard search. One at a time edtér lm a keyword would be replaced
by a *?.” The use of this character tells the ¥isbasic program that any character may
be in that position. For example if the searcimgtwas ‘malfunctio?’ the program would

search for a word that started with ‘malfunctiodaanded with any type of character.
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This search did result in several false positivesg identified. To account for
this a result list was created of files for whidte tprogram found a matching search
string. The reader would then look through thesltdsst to determine which files were
actual malfunction flash crashes by reading thslcraports. In most cases, there were
far more false positives than malfunction flashes;h as 30 false positive to 1 actual
flash event. A new field was then created in theQ3 Accident Database called

‘Malfunction’ to list each malfunction flash crash.

3.1.5 ArcGIS

ArcGIS© by ESRI is a software package that is usedyeographic information
systems (GIS). GIS software can present largenvetu of data, that are spatially
referenced, on interactive maps. This softwarewalthe user to search the data based
off many different characteristics such as courdggnes, population densities, roads, zip
codes, or distance from another object.

ArcGIS was used to map the locations of accideurtisin Georgia and to show
other characteristics spatially. This was accoshgld by creating a connection between
the ArcGIS software and the GDOT accident databaSénce several tables in the
accident database include latitude and longitude, diae crashes could be placed above a
map of Georgia.

Population data was taken from the US Census Bus&istics for 2000 [16].
The population data was uploaded to ArcGIS usirg‘#fdd Data’ command and then
selecting the census track shapefiles. Populadi@ta was connected to the GDOT
database by using the ‘Join’ command. This wasdoncreating a new table in the

GDOT accident database called ‘CountyCodes.’” Tdide contained the GDOT codes
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for every county in Georgia along with the numbérype-written reports by county.
The GDOT code matches the Federal Information Remweg Standard (FIPS) code

which can relate entries in both datasets to haalied in ArcGIS.

3.1.6 SPSS

Statistical analysis in this thesis was performsthg SPSS 17©. SPSS can
quickly evaluate the large datasets used for thesis and present the results in forms
designed by the user.

For this research the analysis consisted of ctabsilation and frequency
comparisons of several groups of crashes. Théraat was split into 4 groups; all
crashes, two-way and four-way stop intersectiostea, malfunction flash crashes, and
signalized intersection crashes. In this rese#inehcharacteristics of each group were
evaluated on the basis of manner of collision, ouating factors, and crash severity.

Malfunction flash crashes were further examinedoogtion and flash mode.

3.1.7 Result Summary

After the filtering process 83 malfunction flastaghes were identified out of the
42,729 crashes that were type-written, occurresigatalized intersections, and involved
at least 2 vehicles. In this set of crashes oflye®@ents were confirmed to have had
yellow/red or red/red flash occur before the craslifity-seven of the malfunction flash
crashes were yellow/red flash events. Eight csskere confirmed to be red/red
malfunction flash events.

There were several false positives that were redaifter the keyword search.
Crash reports that contained the keywords were tbadbughly to determine if a

malfunction flash occurred before the event anddeiermine the type of flash
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(yellow/red or red/red). Six crashes occurred teefar directly caused the malfunction
flash to occur by damaging signal equipment. Thoéethe crashes mentioned
malfunction flash occurring, but the police officentnesses, or one of the drivers stated
that flash operation did not occur at the timehaf ¢rash.

Nine out of the 83 malfunction flash crashes didur during a flash event, but
could not be identified as yellow/red or red/réthe crash reports for these crashes stated
the traffic signal was in malfunction flash withadistinguishing the flash mode or only
discussed the flashing red approach. When a cegsint only discussed a single flashing
red approach it cannot be determined if the flaskdenwas yellow/red or red/red, as both
have a flashing red approach.

Only the 65 crashes that were identified as yelewvor red/red will be included
for analysis later in this study. Table 3.1 showsvlihe original data set was reduced

with each step of the filtering process.

Table 3.1 Data Groupings of 2006 GDOT Accident Datzase[17]

Total Crashes 342,535
Sgnalized: 75,115
TNV (2<X): 280,694
Signalized and TNV (XX) Reports: 68,006
Type-written: 42,729
Hand-written: 25,277
Crashes Where a Malfunction Flash Occurred: 83
Confirmed Yellow/Red and Red/Red Flash Events: 65
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CHAPTER 4

DATA ANALYSIS

Chapter 4 discusses the crash characteristics fhenGDOT accident database
and crash reports. As this thesis is focused ashers that occurred during a malfunction
flash event, the data was separated based on eritewa for comparison purposes. The
overall GDOT accident dataset consists of 342,54%onted crashes that occurred in
Georgia during 2006 [17]. Through database fitigrthe list was reduced to 72,968
crashes that occurred at signalized intersectidnlaat involved at least a total number of
vehicles (TNV) of at least 2. The added restritid at least 2 vehicles was used as this
research is focused mainly on crashes that ocaweke vehicles. The files from this
group were then separated out based on whethecréisé report was type-written or
hand-written. Although the database was comprebertbis research did not have a
complete set of crash reports. Using the prevariteria there were 68,006 crash report
PDF's available to search for malfunction flashstks. Out of this group it was found
that 42,729 crashes had reports that were typetewri These files were searched and
reduced to a group of 65 confirmed malfunctiontlasashes.

There are three main crash grouping that will iseubsed; all crashes, signalized
crashes, and confirmed malfunction flash crash&sese groups will be analyzed and
compared to determine their defining charactesstic addition, national data for 2006
was taken from the National Accident Sampling SysttNASS) General Estimates

System (GES) and used as a basis for comparistimetdindings from 2006 Georgia
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crashes [18]. GES data is gathered from a natioregiresentative sampling of 6 million

reported crashes each year.

4.1 Data Validation
As discussed in chapter 3 not all of the craslontspcould be hand reviewed to
find malfunction flash crashes. Without readinghearash report it is difficult to know
how many malfunction flash events actually occurredeorgia in 2006. By using an
automated search method, however, a large samptaeotvents could be found to

represent the population.

4.1.1 Search Method Validation

From the 2006 crash reports the search methoddfé6nyellow/red and red/red
malfunction flash crashes out of the 42,729 typegorts that met the criteria. The
criteria were that the crash occurred at a sigedlintersection and involved at least 2
vehicles. This validation attempts to estimatepg@reentage of malfunction crash reports
in the typed records identified using the OCR s®drch discussed in Chapter 3.

A the random sample 3000 crash reports were sdléam the group of 68,006
available crash reports that occurred at signalinégtsections and involved 2 or more
vehicles. Each crash report was read thoroughdlyaatotal of 5 confirmed malfunction
flash crashes were found in the random selectidmctwis a rate of .16 percent. This
matches well with the expected rate of .15 (65ab4k2,729 reports) from the OCR based
search method. This would suggest that a larggopoof malfunction flash crashes were

found through the automated search.
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To determine if the automated search method cad & majority of the
malfunction flash events, the results were compaoed Poisson distribution derived
from the random sample. Since malfunction flasenéy are relatively rare events a
Poisson distribution may be used to describe gweabability mass function [19]. The
first series, in Figure 4.1, consists of the typegorts that occurred at signalized
intersections and involved at least 2 vehicles.e $acond series is an estimation of the

curve as predicted by the sample over all of th@@3available crash reports.
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Figure 4.1 Poisson Probability Mass Function of Mdlnction Flash Events

Based on the 3000 random sample set the meame &fdisson distribution would

be about 71 malfunction flash crashes among th&82x;rash reports. This matches well
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with the search method which found 65 crashesensime dataset. Taking this further
the mean for the available 68,006 crash reporf@se2006 would be 113 malfunction
flash events. This estimate implies that the aateoh procedure described above was
probably able to identify more than 50 percent loé total 2006 malfunction flash

crashes.

4.2 Data Analysis
In this section the characteristics of the malfiorc flash crashes can be
examined and compared against crashes in gerfesathis examination four groups will
be compared; all crashes, all signalized crasiesway and four-way stop intersection
crashes, and malfunction flash crashes. The datdis comparison will be taken from
the GDOT accident database. This database corgainde variety of information about

the crash itself, the drivers, passengers, locasind other characteristics.

4.2.1 Categories of Malfunction Flash Crashes

There is no field in the GDOT accident databaserothe crash report to identify
a malfunction flash event, so the only method tlantification is to read the ‘Remarks’
section of crash reports. Crash reports identifiec malfunction flash event were read
in detail to determine the circumstances that tasfrcoccurred under.

In most cases, the flash mode (red/red or yelld)/can be properly identified,
but there are cases where such identification ispossible. A traffic signal operating
under malfunction flash will either present thevdriwith a red/red or yellow/red flash.
However, some crash reports only describe a reth fla a single direction which means
the signal could be flashing red/red or yellow/ogdthe cross street. In other cases there

is a dispute as to the particular flash mode tgeatiwas under at the time of the crash.
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During other events the crash itself caused thdumetion flash by damaging signal
equipment.

To account for these different situations a neweldfiwas created, called
‘Malfunction,’ in the GDOT accident database thascribed the malfunction flash event.
Crashes that were determined to have occurredglarimalfunction flash were recorded
under this new field as R/R (red/red flash), Y/Religw/red flash), R/X (confirmed
malfunction flash, but not known if it was red/red yellow/red), Unknown (Driver or
officer disagreement about condition of flash moae)‘Flash occurred after the crash.’
In total there were 83 crashes that involved a umalion flash in some manner. Only 65
of these events were identified as yellow/red a¥resl. This group of yellow/red and
red/red malfunction flashes will be used for aniglyater in this thesis. The distribution

of these flash categories is presented in Figite 4.
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Figure 4.2 Categories of Malfunction Flash Crashefor 2006
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Yellow/red flash mode crashes are found in 20 dearnih Georgia while red/red
flash crashes are reported in 3 counties. Howemglitional counties could have crashes
during malfunction flash as not all instances ard@duded in this analysis, as discussed
earlier. For instance, it was noted during theaddtering that several counties have a
bias toward hand-written reports and thus crastes these counties were not included
since they could not be converted into a searcHahteat.

It is clear from the dataset that in most casesrash at a traffic signal in
malfunction flash operation will be a yellow/reégh. Yellow/red flash mode poses a
concern as drivers, facing the red flash, may mawkif intersecting traffic will stop or
continue. In the 1980 study done by FHWA a surgéyrivers found that 28 percent
believed if they faced a flashing red traffic sigim#ersecting traffic would stop [10].
Only 33 percent of drivers in the survey correcigited that they would not be able to
know if intersecting traffic would slow or stop.ol#ever, it is important to note that it is
not possible to discern if yellow/red malfunctiorashes are overrepresented relative to
red/red malfunction crashes as there is no existatgbase of malfunction flash type at
intersections throughout Georgia. Thus it is nosgible to determine the relative

exposure of drivers to yellow/red versus red/ragll

4.2.2 Malfunction Flash Overrepresentation

In previous research by Jenior, survey respontdéscal agencies reported that
signals are normally repaired in less than 2 haites notification [2]. Assuming that
most signals under malfunction flash are repairethiwv this time period it can be
determined if there is an overrepresentation offumation flash crashes (yellow/red +

red/red) in the dataset.
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Table 4.1 Accident Rates as Determined by Ratio éfccidents and Time
Accident Rate Metho Total Malfunction Flash Event] Ratio
Ratio of Accidents | 42,729 Crashes Searchedl Confirmed Crashes 0.0017
Time out of Year 8,760 Hours Per Year 2 Hours PearY | 0.0002

(09

Based on these assumptions, there is a 7.4:1 batween the percentage of
crashes that occur during malfunction flash andgmage of time signals are in flash.
This indicated that malfunction flash is over reymated in the crash database. However,
Jenior states that the survey responses were lasete judgment of the responder and
not maintenance logs [2]. Due to this possiblerdigancy 2 hours may not accurately
represent the time an average intersection spendsalifunction flash. He goes on to
also state that there may be considerable timerddfte agency is notified of the
malfunctioning signal. Assuming a crash is no mikay during malfunction flash than
normal operations it would be expected that theamee signal would be in malfunction
flash for 14.9 hours per year, based on the 208shcdata. While the reported 2 hours
may be low a 14.9 hour average appears high. Thus,likely the conclusion that
crashes during malfunction flash are overrepreserggen given errors in the stated

assumptions, is correct.

4.2.3 Urban and Rural

When filling out crash reports in Georgia, theseno requirement to fill out the
form using computer type characters, only that thleguld be filled out legibly [20].
Some counties may hand-write the information i@ forms while other counties may
type most of their crash reports. When this i® alesmbined with certain counties of

Georgia being the major population centers, thiglccdead to an urban bias in the
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reporting of malfunction flash crashes on type-eritforms (the only data considered in
this report). Areas that hand-write most reportd &ave a relatively low population
would probably not be well represented in the ddtased for this research. Hand-
written reports were not converted to text filesmalfunction flash crashes in those
reports would not be found by the automated search.

Figure 4.3 shows the population percentages bytgoin Georgia with an
overlay of the yellow/red and red/red crashes. ufegd.4 shows the percentage each

county reported toward the total amount of typezbres.
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Figure 4.3 Population of Georgia in by Census Traan 2000 with Yellow/Red and
Red/Red Malfunction Flash Overlay [16]
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Figure 4.4 Typed Reports Presented by County as a&Rentage of the Total
Reviewed Reports (TNV > 1 at Signalized Intersectits) with Yellow/Red and
Red/Red Malfunction Flash Overlay
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From Figure 4.3 the major population center in @egrfor 2000, was the Atlanta
metro area while the least dense areas of Georgjia im the southern half of the state.
This is similar to Figure 4.4 that shows percentageh county contributed to the reports
that were searched. Most of the crash reportsviea¢ searched for malfunction flash
crashes came from the Atlanta metro area.

As a consequence of population and percentagepefltyeports by county most
of the malfunction flash events that were found eveithin the Atlanta metro area.
Because of these issues, even though the majdribatiunction flash crashes found for
this study center around Atlanta, this does notlyntpat signals in this area are more
prone to malfunction flash issues than those ialrareas. Although with much of the
population centered near Atlanta it would implytthealfunction flash in this area would
be exposed to a greater number of drivers than aneas. The higher population leads
to the concentration of malfunction flash crasleesdcur in this area with a few recorded
incidents across other parts of Georgia.

It could be beneficial to concentrate efforts tanimize incidents of traffic signals
falling into malfunction operation in the Atlantaetno area. Minimizing the exposure of
malfunction flash to drivers in this area would aathe greatest impact in reducing

malfunction flash crashes.

4.2.4 Manner of Collision

The manner of collision is a description of how ictds initially made contact.
This category describes crashes as angle, heagamend, sideswipe (opposite or same
direction), or ‘Not a Collision with a Motor Vehil For this analysis the category ‘Not

a Collision with a Motor Vehicle’ was removed sinttés term is used for one vehicle
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accidents [20]. Figures 4.5, 4.6, and 4.7 show dbaeeral trends for all crashes,

signalized crashes, and malfunction flash craskspectively for the Georgia 2006
dataset.
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Total: 72,089 Crashes
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Figure 4.6 Manner of Collision of All 2006 Signal €ashes

Total: 65 Crashes

Malfunction
80.0%] B RR
EYRrR
60.0%
-
[
[
o
S
[+
. 40.0%
20.0%
0.0%—
Angle Head On Rear End Sidesw ipe - Sidesw ipe -
Same Opposite
Direction Direction

Figure 4.7 Manner of Collision of 2006 MalfunctionFlash Crashes

40



Total: 17,246 Crashes
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It was found when examining all 2006 Georgia crashat rear end crashes tend
to be the most prevalent followed by right anglasties. Signalized intersection crashes
tend to follow a very similar trend as seen in Fgg4.6 despite representing just 22
percent of the overall crash dataset. In FiguB the GES data shows comparable
characteristics on the national level. Althouglgnsiized intersections represent a
different set of circumstances than most crashes figures show that drivers tend to
have collisions in similar ways.

In the case of malfunction flash crashes, Figuie 43.8 percent are right angle
crashes. Rear end crashes represent a much sfredtesn at only 16.9 percent. This is
similar to results in the literature review thaumal right angle crashes tend to be over
represented during yellow/red or red/red operdlQ®9-12].

Comparing two-way and four-way stop intersectioasbes, right-angle crashes
represent 49.3 percent of those kinds of crashRsar-end crashes represented 35.5
percent of all two-way and four-way stop crashé&dthough right-angle accidents, at
stop sign intersections, do not constitute as lagbercentage as in malfunction flash
crashes this could be due to drivers’ familiaritiyhastop signs.

When the data is examined by order of driver conftraffic signal, stop sign,
malfunction flash) there is an increase in the neimddf right angle crashes as drivers
decide for themselves the right-of-way. At signadl intersections in normal operations,
right-of-way is clearly indicted while stops sigaow the driver to make a conscious
decision as to whether they have right-of-way. |&elred and red/red flash events can
present similar situations to two-way or four-wagps respectively, but are less familiar

with drivers and contradict driver expectation lattintersection. It is likely that the
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increased uncertainty in right-of-way at malfunatitash intersections is reflected in the

increased likelihood of right angle crashes.

4.2.5 Contributing Factors

After the officer has reviewed the crash, they wildicate what factors
contributed to the crash in a field called ‘Contiting Factors.” The GDOT accident
database lists 28 common contributors to crashels a&si weather conditions, distraction,
failure to yield, and also an option to list ‘No i@nbuting Factors.” This field can show
what action was taken or situation that existed thast likely lead to the crash. The
database contains 4 fields to input contributingdes, but this research will focus on the
first.

Figures 4.10, 4.11, 4.12, and 4.13 detail whabfacivere considered the leading
contributor to crashes in all 2006 crashes, sigmashes, two-way and four-way stop
intersection crashes, and malfunction flash cragheSeorgia. Table 4.2 displays the

value codes used in the accident database.

Table 4.2 Contributing Factor Code Values

Contributing Factor Code Values

1 | No Contributing Factors 11 | Changed Lanes Improperly 21 | Driverless Vehicle

2 | D.U.L 12 | Object or Animal 22 | Too Fast for Conditions

3 | Following too Close 13 | Improper Turn 23 | Improper Passing of School Bus
4 | Failed to Yield 14 | Parked Improperly 24 | Disregard Police Officer

5 | Exceeding Speed Limit 15 | Mechanical or Vehicle Failure | 25 | Distracted

6 | Disregard Stop Sign/Signal [ 16 | Surface Defects 26 | Other

7 | Wrong side of Road 17 | Misjudged Clearance 27 | Cell Phone

8 | Weather Conditions 18 | Improper Backing 28 | Inattentive

9 | Improper Passing 19 | No Signal/Improper Signal

10 | Driver Lost Control 20 | Driver Condition
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Total: 648,341 Vehicles
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Figure 4.10 Contributing Factors of All Crashes inGeorgia in 2006
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Figure 4.11 Contributing Factors of Signalized Intesection Crashes in
Georgia in 2006
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Total: 39,598 Vehicles
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Figure 4.12 Contributing Factors of Two-way and Fou-way Stop
Intersection Crashes in Georgia in 2006
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Figure 4.13 Contributing Factors of Malfunction Flash Crashes in Georgia in 2006
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A large portion of crashes in general and spedific signalized intersection do
not have an identifiable contributing factor, 4a58d 49.2 percent respectively in Figure
4.10 and 4.11. ‘Following too Close’ is the secandst common category between all
crashes and signalized at 17.9 and 21.0 percesgecavely. For all crashes and the
signalized crash groups ‘Failed to Yield represefit4 and 9.5 percent of vehicles
involved.

In the cases of stop sign intersections, there nsdaction in crashes that were
‘Following too Close’ to 13.0 percent while ‘Failéd Yield' increased to represent 14.5
percent relative to all crashes as shown in Figutg.

The complete 2006 crash and signalized crash groopsast with malfunction
flash crashes as ‘Failed to Yield’ is the secongtn@ommon category at 29.3, displayed
in Figure 4.13. Only 9 percent of crashes haverdributing factor of ‘Following too
Close.” From the data, there is a distinct inceemsthe amount of driver’s failing to
yield. This increase may be an underlying factothie higher percentage of right angle
collisions (as seen earlier), possibly leading tdigher likelihood of injuries and
fatalities.

There is a similarity in crashes at two-way ingetons and yellow/red
malfunction flash crashes. Both categories terfthiage a higher percentage of ‘Failure to
Yield’ over ‘Following too Close.” The even highé&failure to Yield' crash rate at
yellow/red malfunction flash may be due to mistakieiwer expectations. Several crash
reports mentioned drivers facing the red flash etquk traffic approaching the yellow

flash to stop.
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Table 4.3 examines the decisions of drivers irstuga at signals in yellow/red
flash mode that had ‘Failed to Yield’ resultingright angle crashes. In most cases, 73.3
percent, drivers facing the yellow flash did naipstvhile those facing the red flash did
stop. That is, the vehicle facing the flashing dedl come to a stop and then pulled out
either assuming the cross street vehicle would stomisjudged the acceptable gap.
Cases where either both vehicles stopped or bolicles continued represent 13.3
percent each. The majority of drivers (86.6%) rigca flashing red and involved in a
crash treated the red flash correctly (at leagdtally) by stopping before entering the
intersection. This suggests a significant issudrimer expectation of conflicting traffic

behavior.

Table 4.3 Actions Taken by Drivers at Yellow/Red MHunction Flash Crashes who

‘Failed to Yield’
Neither Yellow Did Not| Yellow Stopped,
Stopped | Stop, Red Stopped | Red Did Not Both Stopped Total
4 22 0 4 30
13.3% 73.3% 0.0% 13.3% 100.00%

4.2.6 Crash Severity

Crashes can leave lasting and debilitating issoag kfter the event occurs.
Through proper driver caution and safety plannirgsk severity can be reduced. For
that purpose this section will compare and contthst qualities of malfunction flash
crashes to other 2006 crashes.

In the GDOT accident database there are sevetedmaes to describe injuries;
Not Injured, Killed, Serious, Visible, and ComplhainA serious injury is defined as any

injury that prevents that person from walking, @rg; or continuing normal activity as
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they did prior to the crash [20]. A visible injury any injury that is apparent to anyone
other than the injured person. Complaints areiajwyy that is claimed by someone in
the crash, but are not indicated by any wounds.eTd4 outlines the relationship
between the manner of collision and severity oYadriinjuries in crashes at least two

vehicles.
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After examining the severity of injuries for alfashes in 2006, there is a
disproportionate amount of fatalities due to head@shes. Drivers involved in head on
crashes are only 2.9 percent of the dataset, leuR%u3 percent of fatalities. Head on
collision deaths represent 8.8 times their propartf the data. Further, drivers in right
angle collisions represent 33.5 percent of allloeasbut are 55.2 percent of the fatalities.
Rear end collisions are 49 percent of crashesnergé but are 12 percent of fatalities.

Crashes at signalized intersection tended to beemé crashes at 51 percent of
the dataset however representing only 5 percetiteofatalities. For this group of drivers
right angles were the majority of fatalities at Bpercent for 2006, but are only 34
percent of signalized crashes. There was a rexuttithe number of fatalities relative to
all crashes in head on collisions. Head-on coltisi are 2.5 percent of signalized
intersection crashes and are 5 percent of fataiiehe same group.

In the group of two-way and four-way stop intergats there were no recorded
fatalities for head on collisions. Right anglelistbns are 82.7 percent of fatalities while
only being 48.8 percent of two-way and four-waypstaersection crashes.

For the malfunction flash crashes 16.5 percentiobds complained or had some
kind of injury. In the two and four way stop irgection group 14.0 percent of drivers
had complained or had at least a visible injuryhe Tomplete 2006 crash group and
signalized intersection crash group had 12.6 an8l fadrcent of drivers with complaints
of injury, visible injury, serious injury, or faigy.

The two and four way stop and malfunction flashugi® share similar qualities.
Both groups tend to have a more right angle crashas crashes in general and at

signalized intersections. Drivers involved in maltion flash crashes were listed as
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right angle collisions 74.4 percent of the time hwo-way and four-way stops tended
to be right angle collision in 48.8 percent. Whileo-way and four-way right angle
collisions are not as high a percentage as in metifon flash crashes, it does represent a
significantly larger percentage than crashes iregr{33.5) and signalized crashes (34).

Amongst the malfunction flash crashes found in tataset there were no
recorded driver deaths. A review of other yearsrakh datasets is needed to see the
relationship between malfunction flash events atdlities. However, by examining the
rates of complaints of injury, visible injuries,rgeis injuries, and fatalities in all crash
groups inferences can be made about malfunctiosh.flén each group right angle
collisions represented a significantly greater iportof fatalities than the percentage of
drivers involved in that category. From this ilnche inferred that malfunction flash
crashes represent a riskier situation with thaghhiate of right angle collisions (74.44
percent).

Although the data is not sufficient to distinguisharacteristics of red/red flash
versus yellow/red flash it is likely that red/rddsh is the preferable mode of flashing
operation. It is likely that when all drivers faaeflashing red signal higher speed right

angle crashes would be exchanged for rear endoanddeed right angle crashes.
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CHAPTER 5

CONCLUSIONS

Malfunction flash is a necessary, but undesiraldelenof signal operation. Using
malfunction flash operation means that in some wWay traffic signal failed. By
understanding the characteristics of crashes afunw@ioning signals, risks can be
minimized for drivers. Up to this point most resdainto malfunction flash has focused
on preprogrammed night use. Preprogrammed nigbh ftan present drivers with a very
different situation than malfunction flash duringth demand periods. The conclusions

reached by this thesis are presented in the fatigwection.

5.1 Data Analysis

For 2006 there were 342,535 total reported crash&eorgia. Of these crashes
this thesis examined signalized intersection (7&),96vo and four-way stop intersection
(39,598), and malfunction flash crashes (65) from@&DOT accident database.

Malfunction flash crashes were found by a filterpr@cess and automated word
search. The first filter limited the search torsiized intersections crashes. The second
filter further reduced the search to type-writteparts. This restriction was made due to
study time limits and certain restrictions on theROsoftware. Typed crash reports were
processed by the OCR software and text files wezated from the original file. This
conversion from PDF to text format was done becdabsePDF crash reports did not
allow editable search. With the text files an awted keyword search was done to find

likely malfunction flash crash reports. The rensadection of crash reports were then
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read thoroughly to determine if they were malfumctilash crashes. Positive results of
this search were recorded and updated in the GDOident database.

Most malfunction flash crashes, found in this tegsiccurred within the Atlanta
metro region. This was most likely due to the mhigher population density relative to
other parts of Georgia. The high population densiieans more drivers could be
exposed to a malfunction than in any other are&ebrgia. Focusing resources on
minimizing malfunction flash operation in this aresuld have the most significant
impact on lowering the rate of malfunction flashstres.

The majority, 73.8 percent, of malfunction flastasites result in right angle
collisions while crashes in general and those gnadized intersections are most often
rear end crashes (51 percent). Two-way and foyrst@ps act similarly to malfunction
flash crashes in that the most common manner disiool were right angles, at 49.3
percent. However, this difference is not as prowed as malfunction flash crashes since
rear ends crashes represent 35.5 percent of twoawdyour-way crashes compared to
only 16.9 percent under malfunction flash. Sineg-tvay and four-way stop
intersections are comparable to how yellow/red asdired flashing signals should
operate the differences are most likely due to edrigxpectations and lack of driver
understanding of the flashing traffic control undegher volume conditions. Drivers
may not know whether the intersecting traffic wabntinue through or stop, creating a
risky situation.

The most common contributing factor category foastr type was ‘No
Contributing Factor.” In crash groups of all craskand signalized intersection crashes

‘Following too Close’ was the second most common 1&t9 and 21.0 percent,
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respectively. This was then followed by ‘Failedvtield’ category by 9.4 and 9.5 percent
for all crashes and signalized intersection crasiugs. Two-way and four-way stop
displayed significantly different behavior with Ji&@rcent belonging to ‘Following too

Close’ and 14.5 percent being ‘Failed to Yield. alMinction flash crashes showed an
even greater shift toward ‘Failed to Yield’ at 2%8rcent and ‘Following too Close’ at
9.0 percent.

From analysis of crash data severity there aredategories of crashes that are
overrepresented in fatalities; head on and rigiglean In all crashes head on collisions
involve only 2.9 percent of drivers, but are 25e3gent of fatalities. Right angle crashes
are 33.5 percent of total drivers and represen? percent of fatalities. Signalized
intersection and stop sign intersections show apstacrease in the representation of
fatalities due to head on collisions. Two-way &mar-way stop intersection did not have
any reported fatalities for head on collisions, kweer, right angle collisions were 82.8
percent of fatalities while only 48.8 percent olvdrs were involved in that type of crash.
In each group right angle crashes represented leehigercentage of fatalities than its
percentage of drivers. In malfunction flash crashght angle collisions involve 74.4
percent of drivers. The overrepresentation oflitega for right angle collisions in the

general dataset suggests a very unsafe situatiahife@rs during this flash mode.

5.2 Recommendations
Although malfunction flash mode may operate in railsir fashion to stop sign
intersections the data suggests that drivers tewd kA higher likelihood of involvement
in more hazardous right angle crashes. Thereeseya different approaches that can be

taken to try to minimize the risk of drivers to riection flash mode.
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» Traffic signals should use only red/red flash faalitnction flash mode.
This promotes more drivers to come to a completpe before entering the
intersection. Yellow/red flash should not be usédlain this case as
driver expectation may become to expect all intdisg traffic to stop
leading to more right angle crashes.

» Traffic signal monitoring should be improved thrbugautomatic
notification or increased public awareness of cantgormation. Quicker
response times would limit the exposure to drivwerd reduce accidents of
this type.

* The focus should be on reducing malfunction flaghime Atlanta metro
area. A signal operating in malfunction flash medsuld expose more

drivers in Atlanta than most other areas of Georgia

5.3 Limitations and Recommendations for Future Stug
Road safety encompasses a wide variety of situatibat determine a driver's
overall safety. By understanding the charactesdtiat lead to malfunction flash crashes
a more comprehensive approach can be taken toeatkks to drivers. There are still
many paths of inquiry for future research into matftion flash. A few areas to expand
upon in future studies could be:
* Examine all type-written and hand-written repoms malfunction flash
crashes.
* Increase the size of dataset to include multipleyef crash data.
* Analyze if there is a correlation between crashesgy manner of

collision, red/red flash, and yellow/red flash.
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» Examine differences between yellow/red and redfredfunction flash

events with a larger dataset
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APPENDIX A

MALFUNCTION FLASH EVENT SORTER CODE
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Option Compare Text
Imports System.lO

Public Class Form1
Dim Pictures() As StringRecords the name of the file.
Dim PicType() As Double 'Boolean

'Records if the file is typed(-1, true) or writt@rfalse). If the file has not been looked at
then the default is O.

Dim Names As String

Dim Position As Double =0

Dim i As Double =0

Dim NoRepeatLists As Double = OPrevents user from accidently hitting start twice.
Protected FullPath As String

Private Mylmage As Bitmap

Dim FolderOfPictures As String = "**xxkkkitikk okt

Dim Results As StringThis is where results file will be printed.

Dim Test As Stringlhis is used as a test to see if a file has ajreaeén evaluated.

Private Sub Start_Click(ByVal sender As Systehject, ByVal e As
System.EventArgs) Handles Start.Click

‘Start Button Code
If NoRepeatLists < 1 Then

Dim TexttoInt As Double

If IsNumeric(FolderNumber.Text) Then
Texttolnt = Cint(FolderNumber.Text)

End If

Dim FILE_NAME As String = FolderOfPictures + Folddrmber.Text + "\Results.txt"

If File.Exists(FILE_NAME) Then
Dim objReader2 As New System.IGe8tnReader(FILE_NAME)
Test = objReader2.ReadToEnd
objReader2.Close()

End If

If IsNumeric(FolderNumber.Text) And T@int > 0 And Texttolnt < 69 Then
Dim di As New Directorylnfo(Foldef@ictures + FolderNumber.Text + "\")
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'Create an array representing the files in theetuirdirectory.
Dim fi As Filelnfo() = di.GetFiles()
Dim fiTemp As Filelnfo

For Each fiTemp In fi
Names = fiTemp.Name
Position = InStr(Names, "Page') 1

"This value is used to record the position of ileerfame in the results file.
Dim Position2 As Double = 0

'If the Results file exists, perform a check toedetine if the current filename has already
been evaluated.
If File.Exists(FILE_NAME) Then
Position2 = InStr(Test, Nzsh
End If

‘This line is used as a check to ignore files thatnot get properly deleted. Some PDF
files were long and resulted in multiple pages g@onverted into JPEG format. File
names with “Page_1_" indicates the files with temarks box.
If Position > 0 And PositionD=Then
ReDim Preserve Pictures(i)
ReDim Preserve PicType(i)
Pictures(i) = fiTemp.Fullia
PicType(i) =2
Position =0
i+=1
End If

Next fiTemp

If Noti=0 Then
i=0
Dim PicPath As String = Pic(i
Mylmage = New Bitmap(PicPath)
FileName.Text = Pictures(i)
Designation.Text = "Undesigrnite Str(PicType(i))
PictureBox1.Image = CType(Myljealmage)
MessageBox.Show("File list leddReady to start displaying images.")
Written.Enabled = True
Flag.Enabled = True
LastPDF.Enabled = True
NextPDF.Enabled = True
Typed.Enabled = True
Finish.Enabled = True
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NoRepeatLists = 1
FolderNumber.Enabled = False
Else

'This set of code removes information from the sgrand greys out the buttons so the
user doesn't create an error. If the picture sigmpty and then last, next, written, or
typed buttons are used the program will throw aarer

FileName.Text = Nothing

Designation.Text = Nothing

PictureBox1.Image = Nothing

Written.Enabled = False

Flag.Enabled = False

LastPDF.Enabled = False

NextPDF.Enabled = False

Typed.Enabled = False

Finish.Enabled = False

FolderNumber.Enabled = True
NoRepeatLists =0
MessageBox.Show("This pictwlkelér has already been completed. Please
move on to next folder.")
End If
i=0
fi = Nothing'Clears out the file list.
Else
MessageBox.Show("Please put inlia veumber into box. Suchas 1, 2, 3, ...,
68 for the group of pictures you are going througalue must be a number and be
within 1-68.")
End If
Else
MessageBox.Show("File list has alrebdgn created. Program is ready to start.")
End If
End Sub

Private Sub Form1_Load(ByVal sender As System.Q@pigad/al e As
System.EventArgs) Handles MyBase.Load

‘This codes greys out several buttons when therprodoads. The buttons will be usable
after the user inputs the folder number

FileName.Text = Nothing

Designation.Text = Nothing

PictureBox1.Image = Nothing

Finish.Enabled = False

LastPDF.Enabled = False

NextPDF.Enabled = False
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Written.Enabled = False
Typed.Enabled = False
Flag.Enabled = False

End Sub

Private Sub Finish_Click(ByVal sender As SystemeohjByVal e As
System.EventArgs) Handles Finish.Click

'Finish Button Code

Dim j As Double

Dim List As String ="

Dim Bool As String =™

Dim FILE_NAME As String = FolderOfPicturesFolderNumber.Text +
"\Results.txt"

If File.Exists(FILE_NAME) Then
Dim objReader As New System.lO.Streaadee(FILE_NAME)
List = objReader.ReadToEnd
objReader.Close()

End If

' This loop creates the results string that willWréten to the text file as the final output
of this program. Each line consists of 'file namaéelFalse/Flagged’
For j = LBound(Pictures) To UBound(Pictyres
If PicType(j) = -1 Then
Bool = "True"
List = List + vbNewLine + Picturgst " " + Bool
Elself PicType(j) = 0 Then
Bool = "False"
List = List + vbNewLine + Pictur@st " " + Bool
Elself PicType(j)) =1 Then

Bool = "Flagged"
List = List + vbNewLine + Picturgst " " + Bool
Else
Bool = "Undesignated"
End If
Next

Dim objWriter As New System.lO.StreamWriidiE_NAME)
objWriter.Write(List)

‘'objWriter.Write(CStr(i))

objWriter.Close()

MsgBox("Text written to file:" + FILE_NAME)
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Erase Pictures, PicType
NoRepeatLists =0

i=0

FolderNumber.Enabled = True

'This set of code removes information from the sgrand greys out the buttons so the

user doesn't cause errors in the program.
FileName.Text = Nothing
Designation.Text = Nothing
PictureBox1.Image = Nothing
Flag.Enabled = False
Written.Enabled = False
LastPDF.Enabled = False
NextPDF.Enabled = False
Typed.Enabled = False
Start.Enabled = True

End Sub

Private Sub NextPDF_Click(ByVal sender As SysteneCth ByVal e As
System.EventArgs) Handles NextPDF.Click

'Next PDF button

If i < Pictures.Length - 1 Then
i+=1

Mylmage = New Bitmap(Pictures(i))
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False
Elself PicType(i) =1 Then
Designation.Text = "Flagged"
Else
Designation.Text = "Undesignated”
End If
'‘Designation.Text = CStr(PicType(i))
PictureBox1.Image = CType(Mylmage, Impag
Else
MessageBox.Show("This is the last PIPF."
End If
End Sub

Private Sub LastPDF_Click(ByVal sender As Systene€bByVal e As
System.EventArgs) Handles LastPDF.Click
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'‘Last PDF Button Code

Ifi>0 Then
i-=1
Mylmage = New Bitmap(Pictures(i))
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False
Elself PicType(i) =1 Then
Designation.Text = "Flagged"
Else
Designation.Text = "Undesignated”
End If
'‘Designation.Text = CStr(PicType(i))
PictureBox1.Image = CType(Mylmage, Im®pag
Else
MessageBox.Show("This is the first PDF.
End If
End Sub

Private Sub Written_Click(ByVal sender As Systenje@h ByVal e As
System.EventArgs) Handles Written.Click

'Hand-written Button Code

Results = Results + vbNewLine + Pictures(f)= Written"
i+=1

If i < Pictures.Length Then

Mylmage = New Bitmap(Pictures(i))

PicType(i-1)=0

FileName.Text = Pictures(i)

If PicType(i) = -1 Then
Designation.Text = True

Elself PicType(i) = 0 Then
Designation.Text = False

Elself PicType(i) =1 Then
Designation.Text = "Flagged"

Else
Designation.Text = "Undesignated”

End If

'Designation.Text = CStr(PicType(i))

PictureBox1.Image = CType(Mylmage, Impag
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Else
PicType(i-1)=0
MessageBox.Show("This is the last PDF."
i-=1
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False
Elself PicType(i) =1 Then
Designation.Text = "Flagged"
Else
Designation.Text = "Undesignated”
End If
End If
End Sub

Private Sub Flag_Click(ByVal sender As Systeje®t, ByVal e As
System.EventArgs) Handles Flag.Click
'Flag file button

Results = Results + vbNewLine + Pictures()= Flagged"
i+=1
If i < Pictures.Length Then
PicType(i-1) =1
Mylmage = New Bitmap(Pictures(i))
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False
Elself PicType(i) =1 Then
Designation.Text = "Flagged"

Else
Designation.Text = "Undesignated”
End If
PictureBox1.Image = CType(Mylmage, Impag
Else

PicType(i-1)=1
MessageBox.Show("This is the last PPF."
i-=1
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False

64



Elself PicType(i) = 1 Then
Designation.Text = "Flagged"
Else
Designation.Text = "Undesignated”
End If
End If
End Sub

Private Sub Typed_Click(ByVal sender As System.CthjByVal e As
System.EventArgs) Handles Typed.Click

' Type Button Code

Results = Results + vbNewLine + Pictures(f)= Typed"
i+=1
If i < Pictures.Length Then
PicType(i-1) =-1
Mylmage = New Bitmap(Pictures(i))
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False
Elself PicType(i) =1 Then
Designation.Text = "Flagged"
Else
Designation.Text = "Undesignated”
End If
' Designation.Text = CStr(PicType(i))
PictureBox1.Image = CType(Mylmage, Im®pg
Else
PicType(i-1) =-1
MessageBox.Show("This is the last PIPF."
i-=1
FileName.Text = Pictures(i)
If PicType(i) = -1 Then
Designation.Text = True
Elself PicType(i) = 0 Then
Designation.Text = False
Elself PicType(i) =1 Then
Designation.Text = "Flagged"

Else
Designation.Text = "Undesignated”
End If
'‘Designation.Text = CStr(PicType(i))
End If
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End Sub
End Class
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APPENDIX B

KEYWORD SEARCH CODE
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Option Compare Text
Imports System.lO

Public Class Form1

Private Sub Buttonl_Click(ByVal sender As Systenje®t) ByVal e As
System.EventArgs) Handles Buttonl.Click

Dim WA(13) As String

WA(0) = "malfunction”

WA(1) = "flash"
WA(2) = "mode"
WA(3) = "yellow"
WA(4) ="red"

WA(5) = "flashing"
WA(6) = "amber”
WA(7) = "light"

WA(8) = "signal"
WA(9) = "red/red"
WA(10) = "yellow/red"
WA(11) = "lightning"
WA(12) = "ball”
WA(13) = "traffic"

Dim WC(13) As Double
WC(0)=0
WC(1) =0
WC(2)=0
WC(3)=0
WC(4)=0
WC(5)=0
WC(6)=0
WC(7)=0
WC(8)=0
WC(9) =0
WC(10) =0
WC(11) =0
WC(12) =0
WC(13) =0
Dim TC(13) As Double
TC(0)=0
TC(1) =0
TC(2)=0
TC(3)=0
TC(4)=0
TC(5)=0

68



TC(6)=0

TC(7)=0
TC(8)=0
TC(9)=0
TC(10) = 0
TC(11) =0
TC(12) =0
TC(13) =0

Dim Names As String

Dim F As Double = G5tring length value
Dim J As Double = ORepresents keyword in search loop
Dim i As Double = ORepresents position in keyword replaced with *?’

Dim TestCheck As Boolean

Dim Subl As String ="

Dim Sub2 As String =™

Dim SW As String ="

Dim Result As String =™

Dim Result2 As String ="

Dim Check As Boolean = False
Dim Record As String =™

Dlm FolderOfTeXt AS Strlng = Whkkkkkkkkhkhkhkhkk dkhkkhkkhhhhhhhhhhhhhhhrx?

‘This command creates an array filled with fileshe target directory.
Dim di As New Directorylnfo(FolderOfText)
Dim fi As Filelnfo() = di.GetFiles()
Dim fiTemp As Filelnfo

‘Loop to go through each file in the target dirggto
For Each fiTemp In fi
Names = fiTemp.Name
Dim FILE_NAME As String = fiTemp.FullMae
Dim objReader As New System.|O.Streaadee(FILE_NAME)
Dim Text As String = objReader.ReadTOEN
objReader.Close()

" Loop to go through each keyword in the list
For J = LBound(WA) To UBound(WA)
F = WA(J).Length

"This loop replaces each letter with ? so thatchesr can pick up small spelling errors.
Fori=0ToF-1
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Subl = WA(J).Substring(i, 1)

Sub2 = WA(J)

SW = "*" + Replace(Sub2, Sutx’) + "*"
TestCheck = Text Like SW

If TestCheck Then
WC@J) =1
i=F
Check = True
TCIJ) +=1
End If
TestCheck = False
Next
Subl=""
Sub2 =""
sw="
Next

‘The following two if statements record the fildst fit their respective criteria. The if
statements should be changed depending on whati@rdre being searched for.
If (WC(1) =1 And WC(13) =1 And WC(#)1) Then
Result = fiTemp.Name + vbNewLin&®esult
End If

If (WC(1) =1 And WC(13) =1 And WC(8)1) Then
Result2 = fiTemp.Name + vbNewLin&esult2
End If

‘The Record variable was used to record, for eViggyif any of the keyword strings
were found.

Record = fiTemp.Name + " " + CStr(WQ(®)CStr(WC(1)) + CStr(WC(2)) +
CStr(WC(3)) + CStr(WC(4)) + CStr(WC(5)) + CStr(WQ)6 CStr(WC(7)) +
CStr(WC(8)) + CStr(WC(9)) + CStr(WC(10)) + CStr(\WK1() + CStr(WC(12)) +
CStr(WC(13)) + vbNewLine + Record

WC(0) =0
WC(1) =0
WC(2) =0
WC(3) =0
WC(4) =0
WC(5) = 0
WC(6) = 0

70



Next fiTemp

Dim objWriter As New StreamWriter(Folder@t +
"Results\WildcardSearch\Results5a7al3.txt")

objWriter.Write(Result)

objWriter.Close()

Dim objWriter2 As New StreamWriter(Foldei@xt +
"Results\WildcardSearch\Results5a8al3.txt")

objWriter2.Write(Result2)

objWriter2.Close()

Dim objWriterl As New StreamWriter(Folder@ixt +
"Results\WildcardSearch\Record.txt")

objWriterl.Write(Record)

objWriter1.Close()

MessageBox.Show(CStr(TC(0)) + vbNewLineStiCTC(1)) + vbNewLine +
CStr(TC(2)) + vbNewLine + CStr(TC(3)) + vbNewLineGStr(TC(4)) + vbNewLine +
CStr(TC(5)) + vbNewLine + CStr(TC(6)) + vbNewLineGStr(TC(7)) + vbNewLine +
CStr(TC(8)) + vbNewLine + CStr(TC(9)) + vbNewLineGStr(TC(10)) + vbNewLine +
CStr(TC(11)) + vbNewLine + CStr(TC(12)) + vbNewLireCStr(TC(13)))

End Sub
End Class
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