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Future of Intelligent Transportation Systems

Congestion, accidents, and pollution issues due to transportation are becoming
more severe as a result of the tremendous increase in various travel demands,
including vehicular traffic, public transportation, freight, and even pedestrian traffic.
To resolve such issues, ITSs have been developed that are able to integrate a broad
range of systems, including sensing, communication, information dissemination, and
traffic control. Three essential components are necessary for any ITS to perform its
function(s): data collection, data analysis, and data/information transmission.

From the reviews in the previous section, it may be seen that the future of ITS
falls within the multiple layers of the connected environment (i.e., cyber, social and
physical). Given this understanding, this section aims to provide some insights into

the development of future ITSs and smart cities that include: analysis of information



from cyber sources, CSP network modeling, and flow models in a connected
environment.

1. Analyzing public attitudes and perceptions from cyber sources. Apart from the
physical data that could be collected by various sensors, public attitudes and
perceptions gathered from cyber sources (e.g., social networks) are the other
promising sources of data for understanding a city's status and the performance of its
transportation system. Thus, future ITSs should use these data sources to monitor and
manage the systems. To extract useful and meaningful information from social
network data sources, a natural-language processing (NLP)-based algorithm that
adopts predefined semantic structures is suggested for data analysis. The NLP
algorithm should be able to detect social events and/or public comments that could
lead to potential traffic issues (e.g., congestion after a football match), or reveal public
attitudes toward and perceptions of the transport system/current policy. In addition,
with temporally and spatially tagged social network data, the extent and seriousness
of traffic issues (e.g., comments on the delay of train service after an 8 AM train
disruption) could also be estimated.

2. CSP traffic network modeling. To better incorporate the data from the CSP spaces
and other emerging multi-source data, a CSP model should be developed to allow for
the association and fusion of data. In the future, a hierarchical traffic net- work model
that integrates physical, semantic, logical and perceptual networks in the digital
reconstruction of CSP spaces should be considered. A cross-layered (i.e., between the
cyber, social, and physical layers) network connection could be enabled by cognitive
computing and/or probabilistic inference models to depict network connectivity. The
association rule of cross-domain data could be investigated using statistics and NLP.
For instance, the spatiotemporal association rule could be set between Bluetooth
intensity and traffic volume, or building energy usage and pedestrian flow. In
formulating this hierarchical traffic network model, due to the abundance of available
traffic information, it will be crucial to identify and define the types and amounts (in
terms of temporal and spatial resolution) of information that will be sufficient to

implement various services effectively.



3. Flow models under connected environments. With the increasing popularity of

VACS, it is certain that future ITSs will be applied in connected environments with
mixed CAVs and RHVs. As the behavior/characteristics of CAVs are substantially
different from those of RHVs, it is critical to understand the flow characteristics of
such mixed-vehicle environments for use in ITS. Extended vehicular flow models will
be necessary at both the microscopic and macroscopic level. At the microscopic level,
new car-following (CF) models will be considered with the intention of incorporating
the CAV-related characteristics (e.g., unreliable vehicular communications,
communication delay, platooning driving protocols, penetration rate of CAVs, etc.).
Such CF model could then be used in the design of link-based control in ITS. In
contrast, at the macroscopic level, the CAV-related characteristics should be
considered in the development of the network-level flow model to help in regional
monitoring and planning (e.g., monitoring the congestion level of a district, designing

cordon-based road pricing scheme, etc.).



