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EXECUTIVE SUMMARY

This research develops a smartphone-based prototype system that supplements the 511 to
improve its real-time traffic detouring service to state highway users under work zone or non-
recurrent traffic conditions. The system makes the best use of the “xml” data feeds and retrieves
the useful information using a web service integrated with the SQL database system. To make
sure the alternative route guidance is warranted, this study has further developed a multi-criteria
decision model, which is integrated with the serverside system application. In the Android
platform, a smartphone App was developed to provide travelers with real-time routing/re-routing
options, traffic and incident information retrieved from the web server. The proposed prototype
system has been applied with an actual freeway corridor (the IH-94 corridor between the city of
Madison where IH-94 connects with IH-39/90 and the city of Milwaukee where it connects to
[H-43). Tests with various scenarios have demonstrated significant overall benefits with system
application and effective information provision to travelers in real time. The trajectories of the
vehicle carrying the proposed the smartphone system can be automatically recorded into the
serverside database, which offers the potential for crowd-source traffic dynamics data collection
and mining with sufficient number system users.

xi






CHAPTER 1: INTRODUCTION
1.1 Research Background

Highway infrastructure and related transportation elements comprise a crucial lifeline for the
United States, as the operations of such systems affect our nation’s economic vitality and
citizens’ way of life. Better information can influence transportation decisions and route choices
of travelers in some very clear ways and result in more efficient utilization of highway
infrastructure capacity. For example, with better ways to learn how work zones and other
incidents affect travel times, commuters can start for work and return home at times more
responsive to actual traffic patterns than a fixed schedule. As the effects of congestion become
clearer to people, they are more able to consider alternate paths to their destination.

Reduced capacity caused by work zones coupled with overwhelming traffic demand has resulted
in significant traffic congestion in the highway system. In such conditions, if proper traffic re-
routing strategies could be implemented in time, motorists could circumvent the congested
segments by detouring through alternative routes, resulting in significant economic savings by
reducing delays, fuel consumption, and vehicle emissions, and by increasing traffic safety

Traveler information has exploded over the past decade with the development and use of
advanced technologies able to detect, analyze, and disseminate traffic conditions. The 511, a
decision support system that enables the traveling public to make informed decisions and
manage their trip details, automates the integration of law enforcement incident data, freeway
traffic conditions, roadway construction and detour information, and multimodal bus, rail, and
airport conditions. It is capable of providing accurate information to the traveling public, and
allows transportation system providers and emergency responders to manage the transportation
infrastructure in real time.

The 511 regular/mobile websites and phone service, as the major sources for travelers to access
most of the popular 511 services, have not been fully utilized by most of state highway travelers
to get real-time detour information when they are experiencing work zone constructions on their
way. A very recent study by University of Wisconsin-Milwaukee on travelers’ opinions of the I-
94 East-West corridor repaving project indicates that although 84% of the 1,556 surveyed drivers
have a computer available to get traffic information, most of them are still getting their traffic
information from a local radio station (73%) and local television station (66%). Other forms of
technology, like 511, are far behind (see Figure 1). Most motorists don't have the numbers on
their cell phone's speed dial. As one of the survey respondents noted, "I don't have the time to
search on-line or call the number to check traffic congestion ahead in my trip."

Motorists will help manage the traffic demand if they are given accurate, reliable information in
a timely manner, and their cooperation is critical for work zone traffic management. Failure to
provide real-time and en-route assistance in a timely manner may cause a significant number of
travelers to be trapped in traffic congestion. For example, the lack of real-time information
stranded 2,000 vehicles on I-39 in February of 2008 when a segment of the interstate highway
was closed in Northwest Wisconsin.



80

70
£ 60
2 50
a8 40
S 30 -
X 20 -
0 -
0 - | " | | | — -
: 2 & < o & > N
& & & SR $ © N &
& & & & & T ©
& 2\ & < S
{6\@ . &0 o ~<>°Q & \*Q’b
R NN éQ'Q W &
N he
&

Figure 1.1. Resources for travelers to obtain traffic information during 194 East-West
corridor construction

With hundreds of millions of automobiles and over a billion mobile phone-equipped people in
the world, cars and humans may turn out to be the carriers of the world’s largest and most
dynamic sensor networks in the coming years. Such mobile sensor networks have the potential to
sense large expanses of the world at much finer fidelity and scale than possibly by static
deployments (roadside sensors, cameras, and message signs).

According to recent survey data, 85% of Americans own an Internet-enabled handheld device,
and most adults (as high as 93%), ages 18 to 64 years, commonly access the Internet on mobile
devices. These survey data indicate that mobile-Internet access is becoming more important in
people’s daily lives compared to the traditional media (e.g. TV, radio stations, and PC-based web
application). The recent survey of [-94 travelers also shows that drivers are showing new trends
with more drivers owning smart cell phones than regular cell phones, which can create
opportunities of creating smartphone-based tools to supplement and improve the real-time traffic
detouring service of 511 system during work zone construction.

Smartphones usually have a full-functional operating system (Android, Apple i0S, Windows
Mobile, etc.), and can be thought as a portable computer with regular phone capabilities. With a
functional operating system and programming platforms, developers are able to create
Smartphone applications for different purposes including entertainment, work, travels, etc. The
use of mobile phone applications for a variety of purposes has helped turn Smartphone’s into a
vital piece of technology at home and in the workplace. The design of a Smartphone application
can simplify and complete the same tasks as a typical computer. Most Smartphone applications
offer simple interfaces to make it easy for consumers to use and get their information quickly and
conveniently.

Detailed and up-to-the-minute information is changing when, where, and how we travel. At the
same time, traffic management are experiencing revolution and becoming more data driven. Data



analysis on newly fused datasets is enhancing our understanding of how to improve
transportation services. The surge of the number of smartphone users brings both opportunities
and challenges for public agencies to use mobile sensing for next-gen work zone planning and
traffic management. For example, mobile sensing data can be easily collected and mined to
analyze traveler diversion behaviors and origin-destination changes due to a major highway
construction project. Compared with the traditional survey method of sending questionnaires, it
collects much more number of samples at much lower lost and with much better accuracy.
According to statistics by USDOT, a small population of users (2,200) can produce high fidelity
information in a major metropolitan area. Two-thirds of the smartphone users trust their privacy
is protected for traffic management purposes, and high proportion of them (88%) indicates
repeated use in the future.

(Source: USDOT)

Figure 1.2. Missing feedback loop from travelers to public agencies

In this light, software vendors have started to develop mobile applications and use mobility data
from travelers to provide traffic information, which has comprised key components of the
transportation mobility data ecosystem illustrated in Figure 2. Notable examples include Waze,
Roadify, Beat the Traffic, and etc. However, in such a system, the public agencies have not
played an important role as they are supposed to due to the missing data flow from travelers to
agencies. How to create the feedback loop to apply crowd-sourced data in next-gen traffic
management has become a major challenge to many public agencies.

1.2 Research Objectives

To address the above critical needs and deficiencies, this project develops a smartphone-based
App and server system that supplements the 511 to improve its real-time traffic detour service to
state highway users under congestion due to work zone construction or other non-recurrent
events. The development of the proposed smartphone application shall not require any hardware



investment in the current 511 system; the maintenance and further improvements of the
Smartphone application could be done through software upgrades, which would make the
application reusable for future developments. Finally, the application would provide a critical
piece of the long-term push toward enabling the advanced data communication capabilities of the
511 system.

1.3 Report Organization

Based on the research objectives, this study has organized all primary system development work
and results into six subsequent chapters. A brief description of the information contained in each
chapter is presented next.

Chapter 2 performs a comprehensive review of available literature associated with mobile
traveler information provision. Chapter 3 mainly presents the description and processing of the
system data feeds. Chapter 4 develops the alternative route decision model based on a well-
calibrated corridor simulation network and a comprehensive set of experimental scenarios
according to the key factors that may affect the system’s decision whether or not to implement
alternative recommendation. Chapter 5 reports the development process of the system and the
App. Chapter 6 presents the field test results of the system and benefit analysis results. Chapter 7
summarizes the primary research findings and their potential applications to improving work
zone operational efficiency. Recommendations for future research are also made.



CHAPTER 2: LITERATURE REVIEW
2.1 Smartphone-Based Traveler Information Systems

Campolo et al. (2012) designed a smartphone-based platform to exploit low-cost dedicated
hardware that interacts with sensors on board and in the vehicle surroundings. In their study, a
prototype is also developed to assess the technological feasibility of their conceived platform.
Similarly, Briante et al. (2014) proposed SmartCar (Smartphone-based floating car data
collection) platform as an intelligent use of smartphones to collect “augmented” FCD from in-
vehicle telematics and external sensors (e.g., pollution detectors for urban sensing), and (ii) the
adoption of an offloading strategy that leverages Wi-Fi hotspots to alleviate the burden on the
cellular network due to the massive generation of “augmented” data.

Abdulazim et al. (2013) presented a data collection framework and its prototype application for
personal activity—travel surveys through the use of smartphone sensors. The core components of
the framework run on smartphones backed by cloud-based (online) services for data storage,
information dissemination, and decision support. The framework employs machine-learning
techniques to infer automatically activity types and travel modes with minimum interruption for
the respondents. In 2014 TRB meeting, Wang et al. discussed the potential of mobile phone
positioning data as an alternative data source for travel behavior studies. The study is particularly
interested in its potential for analyses in travel behavior dynamics. The authors discussed the
relative advantages of mobile positioning over travel diary/GPS tracking as an alternative data
collection technique. Eventually, they concluded that mobile phone positioning data is a
promising data source for travel behavior study.

Aleyadeh et al. (2012) presented a framework developed for both Android and iOS platforms, to
enable fine grained sensing and monitoring of road conditions in a ubiquitous fashion. The study
employed crowd sensing approaches that are fine-tuned with back-end data analytics, to
empower both active and passive sensing schemes. The application, named Smartphone-based
Road Monitoring (SRoM), has been tested in real-life scenarios and its accuracy and fidelity
have been validated in physical implementations. Current implementations are being
communicated with the Ministry of Transportation in Canada for testing on their fleets. Nawaz et
al. (2013) developed a smartphone based sensing system, ParkSense, which detects if a driver
has vacated a parking spot.

Manolopoulos et al. (2012) has successfully implemented a Smartphone-based Traffic
Information System, which functions in estimating traffic conditions solely based on data from
smartphones, collecting data securely to protect the TIS as well as achieving privacy preserving
manner. Chuang et al. (2013) proposed an I-Traffic system that utilizes crowd sourced data from
smartphones for the traffic flow mining by shockwave techniques.



2.2 The 511 Systems

On March 8, 1999, the U.S. Department of Transportation (USDOT) petitioned the Federal
Communications Commission (FCC) to designate a nationwide three-digit telephone number for
travel information. On July 21, 2000 the Federal Communications Commission (FCC)
designated 511 as the single travel information telephone number to be made available to states
& local jurisdictions across the country. The FCC ruling leaves nearly all implementation issues
& schedules to state & local agencies & telecommunications carriers.

Mindful of both the opportunity & challenge 511 presents, the American Association of State
Highway & Transportation Officials (AASHTO), in conjunction with many other organizations
including the American Public Transportation Association (APTA) and the Intelligent
Transportation Society of America (ITS America), with support from the U.S. Department of
Transportation, established the 511 Deployment Coalition. The goal of the 511 Deployment
Coalition is "the timely establishment of a national 511 traveler information service that is
sustainable and provides value to users."

After considering a full range of consumer, business, technical and policy issues associated
with 511, the Coalition established a national vision for 511 which states that:

“511 will be a customer-driven, multi-modal travel information service, available across
the United States, accessed via telephones, and other personal communications devices, realized
through locally deployed interoperable systems, enabling a safer, more reliable and efficient
transportation system.”

Wisconsin 511 has been initialized to offer a wide variety of traffic and transit information for
traffic participants. The users are expected to collect or query information link with traffic map,
winter road condition map, traffic incidents, road closures, transit map and etc. It aims to build a
decision support system that enables the traveling public to make informed decisions and
manage their trip details, automates the integration of law enforcement incident data, freeway
traffic and roadway conditions, and multimodal bus, rail, and airport conditions. Moreover, it is
capable of providing accurate and real time information to the traveling public, and allows
transportation system providers and emergency responders to manage the transportation
infrastructure in real time.



Figure 2.1. Wisconsin 511
2.3 Crowd-Source Data

As its conception explained by Misra (2014), crowdsourcing is an example in which an organizer
or an organization is able to use the network of collaborators to solve a problem that would
otherwise be cost- or labor-intensive, or in which within a defined organization the expertise is
unavailable or insufficient.

So far, crowdsourcing is particularly available and successfully applied into transportation
domain because it voluntarily functions in bringing together a large group of people on the same
platform to address common issues that affect its members. Crowdsourcing is widely founded to
work successfully for local purposes through localized knowledge and acquired experiences
because people in a region tend to identify themselves with the region where they live, work, and
socialize, and are generally more interested in the systems that affect them.

The recent study of using crowdsourcing in transportation reveals that the predominant purposes
are either for the collection of data or feedback from the transportation system’s users. For
example, one popular use of crowdsourcing is to collect route choice data from bicyclists using
the GPS functionality of their cell phones; such data are not readily available through standard
data collection procedures, and designing a separate survey for a small population of users is
often not cost effective for regional planning agencies. Crowdsourcing in this case helps the
geographically dispersed and diverse population of cyclists work together on a common interest
without financially burdening the planning agencies. Similarly, crowdsourcing can also help in
collecting feedback from a socio-demographically diverse range of users of any transit system,
which can be immensely useful for improving transit service quality and standards. Three main
systems related with crowdsourcing are widely promoted in transportation area, namely, User
Feedback—Based Crowdsourcing Systems, Crowdsourcing Systems for Data Collection and



Standalone Crowd-sourced Data Quality Auditor System. All of them have sequentially built the
connections in transport participants, crowdsourcing platform developers and public agencies.
However, it is noticeably founded a missing link between public agencies and participants at
most of cases.



CHAPTER 3: SYSTEM DATA FEEDS

The proposed