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Safety is the paramount reason for Intelligent Transportation Systems (ITS). However, traffic accidents have been
taking thousands of lives each year, outnumbering any deadly diseases or natural disasters. America alone reports
more than 40,000 deaths every year due to fatal accidents. Decent percentage of accidents leads to fatal injuries by
making permanent disabilities to human beings. Behind every statistic and every number there is a family and also a
tragic story. It is absolutely intolerable that people are still dying on our roads each day. The loss of a life, no matter
what the age, is a tragedy for any family. Studies show that about 60% roadway collisions could be avoided if the
operator of the vehicle was provided warning at least one-half second prior to a collision. Having good and reliable
infrastructure in intelligent transportation system is very important for this matter, even when providing emergency
supports via ambulances, fire brigade, and rescue vehicles which work on saving vital seconds of invaluable human life.

According to investigations, up until now (2009), there is no satisfactory level of technological solution in use to
mitigate accidents or support emergency vehicles towards the incident though there are several proposed solutions.
Thus this opens up a wide array of research problems. On the other hand, existing infrastructure facilities are unable
to accommodate the rising demand occurred due to the increasing population and their usage of vehicles to transport
people and goods. Similarly today (2009), systems in intersections do not provide or assure, safe and efficient passing
of emergency vehicles instead they have become barriers with arising congestion.

We realize that the main reason to occur fatalities is lack of proper communications among each actor:
users (passenger or pedestrian), vehicles (including driver) and infrastructure in ITS. Similarly, lack of proper
communication becomes a big barrier for emergency vehicles to reach an incident faster. However, even today (2009),
there is no common platform to make extensive communication among those three actors efficiently though there are
several methods exist or proposed for vehicle to vehicle (V2V), vehicle to infrastructure (V2I), and infrastructure
to vehicle (I2V) communication scenarios. Therefore, those solutions were unable to support collision detection
within the minimum required time due to low accuracy of positioning and time taken to establish the aforementioned

communication among three actors in motion.



To solve the above explained problem, industry practitioners and universities have proposed and experimented
several solutions while combination of several technologies are under testing. Some of the currently using technologies
to make smooth passing of intersections are stop signs, periodically changing traffic signal lights with or without
aided infrared or metal sensors reading of vehicle count, road side mirror installations, vision recognition systems,
global positioning system (GPS) or differential global- positioning system (DGPS) with maps, dedicated short range
communications (DSRC) systems with transceivers, and vehicular ad-hoc networks. All of them are trying to facilitate
reliable and efficient communication among three main actors in ITS and thereby solve the above problem. However
due to the increasing demand and dynamic nature of the arriving and departing vehicles, stop signs, mirrors, traffic
signal lights were unable to act efficiently in congestions or alleviate injuries or fatalities due to collisions.

When it comes to collision detection, it is necessary to identify the location of a moving vehicle accurately. All
the existing solutions are working closely with GPS or DGPS to achieve this localization technology as in theory it
provides the capability to locate a GPS-equipped vehicle anywhere on the Earth’s surface. However, in practice, GPS
is having minimum error of 3 meters and also limited by the need for clear ‘views’ of orbiting satellites; bridges,
tunnels, and the urban canyons of downtown areas can block or interfere with GPS signals, resulting in unacceptable
gaps in service. Some cities in Japan where there are very tall buildings, GPS has error of 30-300 meters. In addition,
ad hoc networks formed by nearby vehicles are quite different from traditional ad hoc networks due to high mobility
of vehicles. Therefore relative positioning techniques are not suitable for these applications.

Next necessity is establishing communication platform or the network. For this several wireless communication
technologies have been proposed. WiFi, WiMax, 3G, Add-hock network, Radar, Infrared, and radio frequency
identification (RFID) including the dedicated short-range communications (DSRC) are some of the main technologies
proposed to solve above issue. No networking solution could achieve the desired speed when establishing
communication other than RFID which support spontaneous communication. Therefore, governments of the all
over the world are now concentrating the researched on DSRC radio frequency technology. However there will be a
countable delay if DSRC enabled solutions try to refer databases for interpretation of information relevant to stored
code.

Therefore after extensive survey and analysis of ITS requirements, I came up with novel radio frequency (RF) tag
architecture and named as Object Tag (OTag). OTag was designed to represent the real world objects and actors in RF
technology with common communicational protocols. The OTag inherits all the characteristics of RFID tag and is
designed with abilities of providing access control mechanisms and being stand alone, interoperable, self-describing,
and plug-and-playable while enabling off-line communications. Then the verifications of OTag communicational
protocols were carried out using AVISPA and SPAN for authentication and confidentiality to assure the protection
against security and privacy risks between OTag and Interrogators (Reader/Writer). Next, communicational
architecture including collision detection algorithm were developed to provide smooth passing of intersections
mitigating collisions and providing assistance to reach accident sights faster through congestions. Then possible
applications of OTag in ITS, are derived including electronic vehicle registration systems and fully automated parking
management system. Additionally, how OTag architecture can apply to railway system was also designed. Finally
a simulation was carried out to prove the effectiveness of OTag architecture at intersections by comparing against
the traffic signal enabled intersections. Based on above areas, this thesis introduces new communication platform
showing how OTag architecture will advance the existing ITSs and create novel applications to support safe, reliable,

comfortable, and productive social life in eco-friendly manner.
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