CHAPTER 10. CONCLUSIONS AND FURTHER
RESEARCH

10.1 Research Summary and Conclusions

This research effort ams a resolving one of the safety problems on two-lane rurd roads,
namely those roads witnessing head-on collisions resulting from aggressve drivers who
violate the no-passing zone and attempt to overtake the vehicles ahead without having
enough passing distance. Route 114 in southwest Virginia was taken as a case study
where a segment of that road under study is subject to significant head-on accidents. All

of these accidents resulted in fatalities and injuries.

A solution was proposed to dedl with this problem. It consists of deploying a new
Intelligent Transportation System I'TS application whose two main functions are:
1- Detect those vehicles violating the solid yellow centerline using video image
processing technology (Wrong Way module), and
2- Digplay awarning message through awarning sign to discourage violators from
continuing their risky maneuvers and return to the right lane.
The conceiving power of the warning system is reinforced by alower camera system that
captures the license plate of the violating vehicles.

The research went into severa steps of progression in order to develop the conceptual
framework of the proposed system into awell defined one with dl its subsysems
components and functions designed, after which was explored the system capabilities and
performance in achieving its main objective, which is reducing the number of head on
crashes on Route 114.

The research started with a detailed and comprehensive literature review about Accidents,

The Intdlligent Trangportation System safety gpplications and Collison avoidance
systems Warning systems concepts, gpplications, and technologies.
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The next step was to conduct intensive data collection efforts (Chapter 4) covering the
roadway geometry, traffic flow, vehicle classification, and speed didtribution by vehicle
type, in addition to aviolation field survey. Findly, accident history and atributes on
Route 114 were investigated with officia records provided by VDOT.

Data collected was analyzed and useful information and parameters were derived and
then introduced in the further andysisin the following stages of the research.

Theroad link profile was carefully sudied in Chapter 5 in order to identify the geometric
characteristics of the project Site. This step reveded some aspects related to Site
deficiencies that contributed to accident occurrences such as insufficient stopping and
passing sght distances. It dso helped in determining the project coverage area boundary
that the system will cover.

System architecture was the focus of Chapter 6, where we identified the system
requirements, described functional subsystems and developed a conceptua design of
these subsystems, including the detection subsystem, the control processor, the warning
subsystem, and the communication system. The data flows among the various subsystem

components were also explored and depicted on a representative flowchart.

A detailed system design was developed in Chapter 7 for each functiona entity.
Equipment was selected based on detailed specifications for the video camera detection
system with the central processor. Plans were made to locate the eight camera polesto
ensure continuity of detection throughout the study area. The warning pand were
gpecified in dimensions, color, face display and location. The topology of the
communication network was specified, and findly the type and characteristics of the
enforcement lower cameras needed to capture the image of the violator license plate were
determined. All these components were integrated through a certain logic or agorithm
developed to identify violating vehicles and activate both warning and enforcement
sysems.

Offline fidd tests of the system were conducted on the Smart Road facility. The results of
the system functions tested were satisfactory and proved capable to serve the objectives
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of the project. However, the tests revealed a so some discrepancies but, fortunately, do
not hinder the quaity performance of the system.

In order to test the system functions and assess the new application performance, a
system simulation was conducted in Chapter 8, where a specia software program was
written usng the MATLAB language ad alarge number of parameters were introduced
to reflect redity. The amulation was gpplied for both “with” and “without” the system

cases. The amulation results were very closeto the actud Stuation.

The smulation was used as atool to conduct a system evauation in chapter 9. More than
twenty runs were made for the basic or original scenario reflecting the actud conditions.
All runs showed that the system could virtudly diminate head on collisonstotaly,

should violators obey the early warning messages displayed. Severd sengtivity tests

were made for different scenarios. In every test only one parameter was modified while
the others remained congtant. The output examined in al these tests showed ahigh

degree of robustness of the system performance, and no single unavoidable crash resulted
indl “with the sygems’ runs

Findly, the vidbility of the system was evaduated from economic point of view. Costs
components such as capita ($63,200) cost and annua O&M costs ($18,500) were of fset
with the benefits estimated from the reduction of fatdities, casuaties and property losses
per crash ($1,166,000). The financid calculation spreadsheets reveaed high economic
indicatorsin terms of BCR (38.9) and MIRR (65%) over the 10-year lifetime of the
system.

In conclusion, a detection and warning system ingtdled on Route 114, judtifies itsdlf by
showing:
- Itseffectivenessin diminating dl possble crashes resulting from actions 1 and 2,
hence dimingting the possbility of having unavoidable crashes.

- Itshigh economic productivity concluded in avery conservative gpproach.
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10.2 Recommendations for Future Research

This research actually opened the door to a new safety topic that might need further
analyss and studies, and to anew I TS gpplication aswdl that could be devel oped and
upgraded to encounter more sophisticated functions and technologies.

The proposed application showed high integrity in drawing a conceptud framework of
the system functions, followed by a detailed design of its components and a near-redlity
smulation proved to be stisfactory in explaining the mgor parameters as well asthe
sequence of the processes that |eads to head-on crashes. However, like any other
scientific area or field of knowledge, further researches and studies need to be
accomplished in order to fill in the gaps of some missing pieces of the puzzle before a
full picture is completed. Some of these were reveded in the context of the research
development but need further efforts to be accomplished.

We may specify three areas that could be helpful in more understanding and developing
the sysem:

1- Data Collection: we need to conduct more intensive field surveys over an extended
area through continuing field surveillance. This task could be fulfilled after the system is
ingalled then used to collect useful data, before and after the warning system is activated,
over along enough period of time. We may think of the following kind of missng deta
such as

» Violation occurrences, frequency, direction, time of day and reasonsif any, and
this could be done throughout 24/24 hours of the day.

» More detailed data about crashes attributes such as violation direction, crash
speed, type of actions and reactions taken by the three drivers.

» Traffic datarelated to violations attributes like, soeed digtribution of the
population of violating vehicle A and the vehicle being passed B, directiond
traffic flow characterigtics during the period of time when violations are taking
place, etc.

The data collected may be very helpful in many ways such as.
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a It dlowsdeveoping the smulation tool by refining (or adding) input parameters
and then comparing its output with the field deta.

b- It enables usto explore more deeply the relationship between traffic leve of
sarvice or flow with the tendency to commit violation.

c- It hepsin explaining when, where and how violators sart their overtaking
maneuvers.

d- It providesinformation from the field about the actions digtribution, thet is, the
ratio of violatorstaking actions 1, 2 or 3 in both with and without the system
Cases.

e- It revedstherole of the enforcement system and how much it can affect the rate

of violations as well as drivers decisons whether or not obey the warning

Message.

2- Human Factor Studies: Many questions need to be addressed and answered about
human factors in such stuation and the circumstances surrounding the process of
violaions, such as
» Explore the perception reaction time (PRT), and reading lag time for
driving under influence (DUI) cases with blood acohol content
BAC>0.1.
» Study human behavior under emergency and danger Stuation and how do
drivers make their decisons.
» Study the environmental conditions and their effects on drivers behavior
(eg. fog, rain, nighttime, etc.)
» Examine the conditions prevailing that might lead violators to accelerate
or decelerate when they see the oncoming vehicle or get awarning
(relative pogitions and speeds of A and B, vs. rlative position and speeds
of A and C), and the role of the psychologica and aggressive history of
the offender.
» Andyze the assumption thet vehicle B is neutrd dl the way during the
violation process, and the corresponding behavior of driver B once he/she

perceives such stuation.
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3- Detection Technology: Equipment of the syssem has been selected from the
technology available on the market. However, one may suggest some
enhancements of the system hardware or software such as:

> Deveop the current image- processing algorithm to overcome the
discrepancies regarding the latera motions (left turns), and assign
different minimum number of pixdsto different detection zoneswithin
the same camerasfidd of Sght or detection area.

» Enhance the video camera capabilities and qudity to perform its task
(whether surveillance or detection) a higher accuracy and for larger
distances.

> Explore the possihility to develop and use other less expensve
technologies to detect wrong way direction on two-lane road (e.g.
microwave radar).
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