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This paper provides an overview of a new invesiigabf serviced-oriented computing for the
delivery of public services within municipal broadta wireless networks (MBWN). This
research is part of a broad program to identify svelywhich information and communication
technologies (ICT) can contribute to the fostermfgcommunities which are: healthy, safe,
collaborative, learning, and sustainable.

1. The City as Solution

The 2006 Annual Report of the Cities Allianeean organization affiliated with the United
Nations Human Settlements Programme (UN-HABITAT)ointed to the city as the solution to
our environmental, climate, and resource problefiige report states (p. 3):

Cities occupy just 2 percent of the Earth’s surfae their inhabitants already consume
75 percent of the planet’s natural resources fadgoand services, and 80 percent of
global carbon dioxide emissions originate in tovamsl cities. Although it has become

conventional wisdom for some that cities are ttwdat both the global and the local

environment, the world’s urban areas may actudiligrahe best hope for a sustainable
future. sions originate in towns and cities. .tieS are already the world’'s economic

engines, accounting for almost 80 percent of te@nomic growth. Cities are also

proven poverty fighters. Urban dwellers have higheomes than their rural counterparts
and consume less energy per unit of economic output

The main hypothesis of the Intelligent City projestthat innovative uses of information and
communication technologies (ICT) can help to realihe city not only as a solution to
environmental issues, but that ICT has the potetdidoster communities which are healthy,
safe, collaborative, learning, and sustainable.

The social focus is on issues that are criticdh&healthy functioning of communities, including
transportation, safety, local commerce, democratigagement, and collaborative problem
solving. The technical focus encompasses the uispublic wi-fi, geo-location, service
composition, and open innovation. The project ivellgping a general service-oriented
computing environment (SOCE) to support the increialedevelopment of open, cooperating
“intelligent city” services.
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A Case Study: Public Transportation

A specific case being evaluated in this projeaviether improving the delivery of information
about a city's public transportation system caniiantly improve ridership. Research suggests
that improving ridership of public transportatiooutd have significant positive impacts in a city.
A study of the impacts of public transportation legalth published in 2005 by thAgence de
développment de réseaux locaux de services de dahtde services sociaux de Montréal
Québec, Canada shows a number of positive socaleamironmental correlations involving
public transportation (Québec, 2005). Their stuflyhe city of Montréal confirmed that poor
people travel more on public transport. Thus, imprments here would have greater
proportional impacts on those who can least affiheér methods of transportation. Their study
also showed that that public transportation cootad to lower traffic densities and lower
collision rates. Public transportation can potdhticontribute to reductions in air pollution and
greenhouse gases. In Montréal, transportatioesigansible for almost half of greenhouse gases,
85% of nitrogen oxide emissions, and over 40% détide organic compounds. A 2003 survey
of Montréal morning “rush hour” traffic reported the same study measured over 1.3 million
automobile trips and 367,000 public transit tripsggesting that an increase in rider density on
clean public transportation and with correspondadyctions in automobile trips.

Many public transport systems provide Web-basearmétion. The quality and sophistication of
these information sources vary. Some public trarigpon systems provide static route maps
and schedules. More sophisticated systems, suctheadMassachusetts Bay Transportation
Authority (MBTA) provide sophisticated route plangifeatures on their Web site. A person is
able to retrieve a personalized trip plan by engestarting and ending addresses along with a
departure date and time. MBTA trip plans includeiking instructions from the starting address
to the starting transit point (e.g. bus stops &wsay stations), bus or subway route numbers and
transfers to take, and walking instructions frone terminal transit point to the destination
address. A number of cities are partnering witlho@® Maps Transit, a facility that combines
the search and display capabilities of Google Majtk transit route information specific to a
city. This allows people to find information abdtansit points, obtain scheduling information,
and to plan trips.

The availability of free, wide-area Wi-Fi coveraigea city brings with it the potential to add
value to such services. Wi-Fi coverage across égurhnsportation service area combined with
mapping functionality such as Google Maps allows telivery of dynamic information to
potential riders and the ability to make that imf@tion accessible anywhere within the coverage
area. The static information provided by publicngia systems is useful only to people only
when they are at a device that is connected td\tak. This precludes potential transit riders on
the street, except those who can afford to pagdtular-based Web access charges.

Providing people with dynamic information, suchtlas real position of a bus or train relative to
a given transit point, combined with existing tyannning features may improve decision
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making for potential riders and, thereby, ridersifipr example, most transit maps and schedules
do not show times for all transit points along ateofor a number of practical reason. This
makes it difficult for potential riders under tigintne constraints to determine where they should
enter a transit system and whether they have tnge tso.

Dynamic information sources provide practical solus to making public transit services as
universally accessible as possible. In July 200& Human Rights Tribunal of Ontario found in
Lepofsky v. TTC, 2007 that:

[6] ... visibly [sic] impaired passengers are éatitto be accommodated...

[12] The TTC is to implement a program wherebysaliface stops will be clearly and
consistently announced ...

This ruling was the result of a complaint broughtabblind person who uses the Toronto Transit
Commission (TTC) system. The rider complained thet drivers did not consistently announce
bus stops along a route causing them great diffiaal using the system. A general service-
oriented environment within a city space could ‘thosolutions for visually and hearing
impaired riders by delivering dynamic location-lchsenformation over public wireless
communication network.

Structure of this Paper

This paper discusses the development of this SQEEtlee means by which municipal Wi-Fi
services, Web mash-up, global positioning systenPS); and other technologies can be
leveraged to support free services within a cingimnment. Public transit is first context in
which this research is being performed.

Section 2 provide background in municipal Wi-Fivsees and service-oriented computing.
Section 3 presents a system architecture for stipgantelligent city services using a Wi-Fi and
Web services infrastructure. Section 4 describgseaific prototype that has been developed as a
proof of concept for the SOCE and as an attempttiess the public transport issues discussed
above. Section 5 discussed current experimentaltsewith the prototype. Section 6 draws
conclusions and discusses future work.

2. Background
Municipal broadband wireless networks (MBWN) ardirtexd here as wireless networks that are
freely-accessible to the public. Several netwogotyraphies are of interest here. The Wide area

wireless network provides contiguous coverage avesignificant geographic area within a
municipality. The well-known hotspot model of wess networking provides islands of
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connectivity in key locations, such as governmeatilities. A variety of protocols are
recognized here including, but not limited to: HEBO02.11a, b, g, and n; 802.11s (mesh
networking); and 802.16 d and 802.16 e (WiMax wadea networking). It appears likely that
the architectures of most MBWNSs will evolve intobnigls comprised of these different types of
protocols.

The municipal market for Wi-Fi is expected to irase significantly moving forward. The 2007
Municipal Wireless State of the Market Report peeeti a 30% increase in the 2007 to 2008
period (MuniWireless.con2007).

Connectivity for Web access and e-mail is nolongex main focus of municipal Wi-Fi,
however. The creation of services is of prime intpace to developers of public Wi-Fi
networks. Major cities plan to use Wi-Fi to depfmyblic safety and public works services (Krill,
2007). The Massachusetts Institute of Technologyg a Cambridge, Massachusetts are
developing a mesh-based network to support puldigices. The Smart Valley Initiative in
“Silicon Valley” is also developing Wi-Fi-based smes for government functions, public
safety, and emergency response (New England Fu06g; Thibault, 2006).

Mobile telephony offers an alternate technical ptthprovide such services, but economic
barriers exist here. As discussed above, locataseth services exist within the mobile telephony
domain, but these are generally not freely-accssMobile telephony consumers in North

America and Europe have complained about the dasbbile data services that are required to
provide advanced functionality such as locationedasformation (van de Roer, 30 May 2008;

Metrics 2.0, 2006).

Freely, public Wi-Fi is, thus, an attractive teatalisubstrate upon which to base services within
the Intelligent City project. Many cities have hgceat difficulty in deploying public Wi-Fi
services, however. The barriers to deploying wideaamunicipal Wi-Fi networks are widely
recognized. Such networks are relatively expensivadeploy compared to wireless networks that
are developed in organization contexts, such asocate building. First, a “backhaul network”
is required to channel data traffic receieved leywlireless routers distributed across a city space
on to their Internet destinations. Typically, thémekhaul networks are fiber optic networks or
specialized wireless networks. The design of a pipai Wi-Fi network must also anticipate
greater bandwidth requirements than might be erpegithin a single organizational complex.
Network equipment must also be environmentally éaedl.

Traditional business models based on expectatibpsofit or, at minimum, cost recovery have
proven to be unrealistic. Cities, such as FredamictNew Brunswick in Canada have
successfully deployed and sustained a free andigalliptaccessible Wi-Fi service by

approaching it first as a necessary public servsceh as sidewalks, without expectations of
profit (Gallant, M. & Fitzgerald, D., 2008). Additmnally, the backhaul network is partially

funded as a cooperative of corporate members Heaits services.
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Another successful model for deploying “free” Wi-kRas been a federated hotspot approach
pioneered byle Sans Filin Montréal. In this approach, entities such gesjin fle Sans Fil by
agreeing to provide Internet access and a wiretager within their space. In exchange, Tle Sans
Fil provides a system which allows registered siseraccess the network for free. This benefits
the cafes and other entities that join by attractolientele. The hotspot model presents
difficulties for the types of intelligent city saces that are better served by contiguous coverage,
such as the public transit scenarios discussedeabdlonetheless, the hostspot model must be
consider among the tools available for provisiorsegvices.

The City of Fredericton has expressed an interedeveloping services for residents and tourists
atop its Fred-eZone Wi-Fi network. This has beea ofnthe motivations for the development of
the Intelligent City project, which is itself based Fredericton. The Fred-eZone presents and
ideal environment with which to test the hypothedissussed above.

3. An Architecture for Provisioning Intelligent City S ervices

The Intelligent City project envisions a systemghéecture capable of supporting the

incremental deployment of new services in a mattregrmakes them interoperable with existing
services and able to leverage third party Web sesviThe state of the art for statisfying these
requirements is the service-oriented computinggigna.

Service-oriented computing is defined as “a pamadfgr organizing and utilizing distributed
capabilities that may be under the control of ddfé ownership domains” which “provides a
uniform means to offer, discover, interact with argk capabilities to produce desired effects
consistent with measurable preconditions and eafieos” (OASIS, 2006:8, 29). Papazoglou et
al. define SOC as an approach to software developthat “utilizes services as the constructs to
support the development of rapid, low-cost and easyposition of distributed applications”
(Papazoglou, 2006:2).

The Service-oriented computing environment (SOQCH)the Intelligent City project is being
implemented using the Web services approach toicgeoriented computing. The specific
model of Web services being used is Representatittade Transfer (REST) (Fielding, 2000).
REST provides a relatively simple and scalable aqgn to implementing a consistent “service
bus” to which new services can be attached andssauhich they can communicate with each
other. This is depicted iRigure 1 This approach is also generally amenable to iatetgy the
wide range of services now available on the Welb #na provide using related approaches.
These include a wide spectrum of services on thé Wat be accessed using a “RESTful”
approach. This allows the creation of new servlmegombining or “mashing up” information
retrieved from existing services and other datacasi Such services include Google Maps and
Facebook.
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commuters voters tourists pedestrians/cyclists public works public safety ...

i

Wi-Fi fabric: primary public service medium

Internet & WLAN (backhaul) w
municipal entity Third party services:
GPS marker Other = Google APIs

wayp_gint wayppint LA Intellig&}nt City n MaDS
service service semwices « Android
: = OpenSocial
service bus . .
= local companies
: : : = other public entities
local location business real-time = social networking
data sources data sources data feeds = other Web 2.0 APls

Figure 1.Intelligent City architecture.

Each service in the SOCE represents a well-defsetdof functions or capabilites that are
offered to “client” applications. REST provides @xanon access mechanism is used across all
services. This makes for efficient implementatidnservices and clients. They need not be
burdened by having to create custom software talleadata communications for each new
service. Designers can, thus, focus on develaiegnternal logic of the new service.

4. Location-Based Services Prototype

The first service to be developed within the Ingelht City project's SOCE was a general
waypoint service. The waypoint service allows diseto report and retrieve geographic locations
(or waypoints) and associated information. Thisviser was designed primarily to be used
service clients that are running mobile deviced thave a GPS receiver and access to Wi-Fi.
Clients collect location information from their athed GPS device and send it to the waypoint
service with other information related to the apgiion being supported. For example, a public
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transport application might send a bus route nunabemg with the waypoint. Collection of
these data by the waypoint services makes thenhaaiaifor any number of other uses by other
services simultaneously.

The waypoint service is being used to build a fidhtured service to test the public
transportation hypothesis discussed above. Usiag/Maypoint Service and associated mobile
clients in conjunction with Google Maps, it was gibge to implement a Bus Locator service.
This service is designed to show people the positiobuses traveling within a transit area in
real-time on a Web-based map. The Bus Locator aergontains the elements decribed in
Figure 2has been implemented and is currently undergoragyation.

&
fider / [ ——— |

potential rider

- it tor waypoint reporter

e = platform: Java WM
platform: VWeb browser -elements: GPS receiver,
-elements: AJAX, JSON | MBWMN SPSBabel, Java, JSONMN

primary public service medium

Internet & WLAN (backhaul)

waypoint server i

‘platform : Rails / Locomotive
elements: Ruby, MySaQlL.,
SJSON /XML, GPX

Figure 2. Intelligent City -- Bus Locator Architece

The Bus Locator provides the user with an altervaétg of Fredericton's implementation of
Google Transit. The prototype depicts static bugp stvaypoints and dynamic bus location
waypoints. The downtown-to-university portion oeBericton Transit's Route 16 was modelled
with an eye toward a future evaluation with uniugrstudents, who make up a significant
proportion of Fredericton Transit riders. FiguresBows Route 16 along with Fredericton's
MBWN coverage areas. The dashed line indicatedtiseroute. The shaded regions indicate
Wi-Fi coverage as measured by the city Fred-eZamirdstrators. One expected problem in
designing services within a MBWN is that desiredv&e areas may be partially disjoint from
network signal areas. This is in fact the caseredéricton for the bus route that was chosen as
seen in Figure 3.
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Figure 3. MBWN coverage in relation to Bus Route 16

The mash-up shows a blue beacon representing sh&rlawn location of a bus. Both of these
features are depicted Figure 4

— bus stop

intelligent city ous locator
- — bus beacon

,-C‘-'j(“s"%::;——».

Figure 4. Static Bus Stop Waypoints and dynamicHEacon

Bus Beacons can be used to indicate more informaltian position. Textual information about
the Bus and its route can be accessed by clickimthe Bus Beacon. This is depicted in Figure
5.
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Figure 5. Interrogating a Bus Beacon

5. Initial Results

Initial studies of the MBWN environment and of tBes Locator's performance were performed.
A survey of Wi-Fi signal strength for the “Fred-e¥o service set identifier ( SSID) was
performed made along the chosen bus route to obtainture of the real coverage area and to
establish a baseline against the performance dBtise_ocator can be assessed.

General results of the Wi-Fi signal survey are giveere. More details are provided in a

companion paper, which focuses on technical aspédisis work. The signal strength survey

revealed the presence of signal where none wascegpbased on the city's coverage maps.
Some significant gaps in coverage were detectethaexpected.

An initial test of the connectivity between the WWaint Reporter and the Waypoint Service (see
Figure 2) yielded promising results. In this tékg Waypoint Reporter was moved at a walking
pace within a small part of the Wi-Fi coverage ar®¥daypoint data were successfully

commmunicated to the Waypoint Service and displayedhe Transit Monitor. On occassions

were connectivity was lost, the service was sudakbgsontinued after reconnection.

A second connectivity test was conducted where Whaypoint Reporter was moved at an
average velocity meant to emulate its operatioradius. This test was conducted through the
entire university-to-downtown portion of Route ¥6.device running the Transit Monitor was
driven through the portion of the route haltingefii at transit points along the route to mimic a
bus pausing at the marked bus stops. The perfae@nahthe system during this test was not
satisfactory. While some waypoints were successtidmmunicated to the Waypoint Server and
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updated on the Transit Monitor, a consistent cotimecould not be maintained throughout the
route, even in areas were measurements were trgest.

6. Conclusion & Future work

The ultimate objective of this experimental worktasimprove the design of the Bus Locator
system such it is stable enough to conduct a pifalicon a real bus to validate our hypothesis
that appropriate ICT can improve ridership. Thetiahiresults of both tests, while not

satisfactory, suggest promising posibilities fas tlype of system.

Further experiments with the Bus Locator are remlito understand specific performance issues
within this environment and to improve its fauliei@nce. Results of the two experiments
reported above suggest that consistent connectivight be possible using commodity Wi-Fi
range extension technologies such as external meemounted on the outside of the vehicle.
Further quality of service experiments must confimolweather conditions, precise positioning of
the antenna, vehicle velocity, and other factors.

A secondary benefit of the signal strength surveag ¥hat it revealed a plethora of SSIDs along
the Route. These represent networks that are @gebgtresidences and organizations along the
route. This suggests an architectural alternatoretiie Intelligent City SOCE that is based
around a federated hotspot model, such as thaemeited byile Sans Fil.This might offer the
advantage of maximal signal strength throughouteaviee area. This would, however,
necessitate more complex logic within mobile clettt negotiate “hand-offs” between networks
as it searchs for attractive SSIDs, as indicatesidpyal strength.

The results also suggest that it is prudent to ymursolutions that can adapt to partial
connectivity. Predictive models of motion couldibglemented to “fill in the picture” of where

a bus is located when it is outside of a Wi-Fi cage area. These types of models would depend
on the availability of historical data of real basival times. These would be used as inputs to a
Transit Monitor to fill gaps in real-time data.

The results of the second test suggest that relgtivigh velocities will contribute to Wi-Fi
connectivity problems observed within the SOCE. ieom considering specialized wireless
routers, the results of the second test pointsh rieed to explore the use of an SOCE
architecture that makes use of stationary netwddments to determine location. The
relationship between the moving object being meadoand the Waypoint reporter would,
thereby, be inverted: bus stops would be respan$iblreporting bus location. A special class of
mobile Wi-Fi routers now exists, which can potelhfialleviate difficulties in maintaining
connections under the conditions of a Bus Locatenario. The economics of both of these
solutions appears to be less attractive than tiialiapproach, as they would likely require a
more expensive infrastructure. One solution progdsethe City of Fredericton is to make use
of the wireless backhaul network used to suppat802.11 network. It is purported to have
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connectivity properties that can better support thege and motion requirements of the
Waypoint Reporter.

Complementary functionality to the basic TransitriMor is also being conceptualized. This
includes the development of novel forms of searuth taip planning made possible by the Bus
Locator architecture.
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