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CIRN Abstract 
 
This paper provides an overview of a new investigation of serviced-oriented computing for the 
delivery of public services within municipal broadband wireless networks (MBWN). This 
research is part of a broad program to identify ways in which information and communication 
technologies (ICT) can contribute to the fostering of communities which are: healthy, safe, 
collaborative, learning, and sustainable.   
 
 
1. The City as Solution 
 
The 2006  Annual Report of the Cities Alliance – an organization affiliated with the United 
Nations Human Settlements Programme (UN-HABITAT) – pointed to the city as the solution to 
our environmental, climate, and resource problems.  The report states (p. 3): 
 

Cities occupy just 2 percent of the Earth’s surface, yet their inhabitants already consume 
75 percent of the planet’s natural resources for goods and services, and 80 percent of 
global carbon dioxide emissions originate in towns and cities. Although it has become 
conventional wisdom for some that cities are threats to both the global and the local 
environment, the world’s urban areas may actually offer the best hope for a sustainable 
future. sions originate in towns and cities.  ... Cities are already the world’s economic 
engines, accounting for almost 80 percent of total economic growth. Cities are also 
proven poverty fighters. Urban dwellers have higher incomes than their rural counterparts 
and consume less energy per unit of economic output.  

 
The main hypothesis of the Intelligent City project is that innovative uses of information and 
communication technologies (ICT) can help to realize the city not only as a solution to 
environmental issues, but that ICT has the potential to foster communities which are healthy, 
safe, collaborative, learning, and sustainable.  
 
The social focus is on issues that are critical to the healthy functioning of communities, including 
transportation, safety, local commerce, democratic engagement, and collaborative problem 
solving.  The technical focus encompasses the use of public wi-fi, geo-location, service 
composition, and open innovation. The project is developing a general service-oriented 
computing environment (SOCE) to support the incremental development of open, cooperating 
“intelligent city” services.  
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A Case Study: Public Transportation 
 
A specific case being evaluated in this project is whether improving the delivery of information 
about a city's public transportation system can significantly improve ridership. Research suggests 
that improving ridership of public transportation could have significant positive impacts in a city. 
A study of the impacts of public transportation on health published in 2005 by the Agence de 
développment de réseaux locaux de services de santé det de services sociaux de Montréal in 
Québec, Canada shows a number of positive social and environmental correlations involving 
public transportation (Québec, 2005). Their study of the city of Montréal confirmed that poor 
people travel more on public transport. Thus, improvements here would have greater 
proportional impacts on those who can least afford other methods of transportation. Their study 
also showed that that public transportation contributed to lower traffic densities and lower 
collision rates.  Public transportation can potentially contribute to reductions in air pollution and 
greenhouse gases.  In Montréal, transportation is responsible for almost half of greenhouse gases, 
85% of nitrogen oxide emissions, and over 40% of volatile organic compounds. A 2003 survey 
of Montréal morning “rush hour” traffic reported in the same study measured over 1.3 million 
automobile trips and 367,000 public transit trips, suggesting that an increase in rider density on 
clean public transportation and with corresponding reductions in automobile trips.  
 
Many public transport systems provide Web-based information. The quality and sophistication of 
these information sources vary. Some public transportation systems provide static route maps 
and schedules. More sophisticated systems, such as the Massachusetts Bay Transportation 
Authority (MBTA) provide sophisticated route planning features on their Web site. A person is 
able to retrieve a personalized trip plan by entering starting and ending addresses along with a 
departure date and time. MBTA trip plans include: walking instructions from the starting address 
to the starting transit point (e.g. bus stops or subway stations), bus or subway route numbers and 
transfers to take, and walking instructions from the terminal transit point to the destination 
address.  A number of cities are partnering with Google Maps Transit, a facility that combines 
the search and display capabilities of Google Maps with transit route information specific to a 
city. This allows people to find information about transit points, obtain scheduling information, 
and to plan trips. 
 
The availability of free, wide-area Wi-Fi coverage in a city brings with it the potential to add 
value to such services. Wi-Fi coverage across a public transportation service area combined with 
mapping functionality such as Google Maps allows the delivery of dynamic information to 
potential riders and the ability to make that information accessible anywhere within the coverage 
area. The static information provided by public transit systems is useful only to people only 
when they are at a device that is connected to the Web. This precludes potential transit riders on 
the street, except those who can afford to pay for cellular-based Web access charges.  
 
Providing people with dynamic information, such as the real position of a bus or train relative to 
a given transit point, combined with existing trip plannning features may improve decision 
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making for potential riders and, thereby, ridership. For example, most transit maps and schedules 
do not show times for all transit points along a route for a number of practical reason. This 
makes it difficult for potential riders under tight time constraints to determine where they should 
enter a transit system and whether they have time to do so.   
 
Dynamic information sources provide practical solutions to making public transit services as 
universally accessible as possible. In July 2007, the Human Rights Tribunal of Ontario  found in 
Lepofsky v. TTC, 2007 that:  
 

[6] ... visibly [sic] impaired passengers are entitled to be accommodated... 
 
[12] The TTC is to implement a program whereby all surface stops will be clearly and  
         consistently announced ...  
 

This ruling was the result of a complaint brought by a blind person who uses the Toronto Transit 
Commission (TTC) system. The rider complained that bus drivers did not consistently announce 
bus stops along a route causing them great difficulty in using the system. A general service-
oriented environment within a city space could “host” solutions for visually and hearing 
impaired riders by delivering dynamic location-based information over public wireless 
communication network.    
 
Structure of this Paper 
 
This paper discusses the development of this SOCE and the means by which municipal Wi-Fi 
services, Web mash-up, global positioning system (GPS), and other technologies can be 
leveraged to support free services within a civic environment.  Public transit is first context in 
which this research is being performed. 
 
Section 2 provide background in municipal Wi-Fi services and service-oriented computing. 
Section 3 presents a system architecture for supporting intelligent city services using a Wi-Fi and 
Web services infrastructure. Section 4 describes a specific prototype that has been developed as a 
proof of concept for the SOCE and as an attempt to address the public transport issues discussed 
above. Section 5 discussed current experimental results with the prototype. Section 6 draws 
conclusions and discusses future work. 
 
 
2. Background 
 
Municipal broadband wireless networks (MBWN) are defined here as wireless networks that are 
freely-accessible to the public. Several network topographies are of interest here. The Wide area 
wireless network provides contiguous coverage over a significant geographic area within a 
municipality.  The well-known hotspot model of wireless networking provides islands of 
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connectivity in key locations, such as government facilities. A variety of protocols are 
recognized here including, but not limited to:  IEEE 802.11a, b, g, and n; 802.11s (mesh 
networking); and 802.16 d and 802.16 e (WiMax wide area networking). It appears likely that 
the architectures of most MBWNs will evolve into hybrids comprised of these different types of 
protocols.  
 
The municipal market for Wi-Fi is expected to increase significantly moving forward. The 2007  
Municipal Wireless State of the Market Report predicted a 30% increase in the 2007 to 2008 
period (MuniWireless.com, 2007).  
 
Connectivity for Web access and e-mail is nolonger the main focus of municipal Wi-Fi, 
however. The creation of services is of prime importance to developers of public Wi-Fi 
networks. Major cities plan to use Wi-Fi to deploy public safety and public works services (Krill, 
2007).  The Massachusetts Institute of Technology and  Cambridge, Massachusetts are 
developing a mesh-based network to support public services. The Smart Valley Initiative in 
“Silicon Valley” is also developing Wi-Fi-based services for government functions, public 
safety, and emergency response (New England Futures, 2007; Thibault, 2006).  
 
Mobile telephony offers an alternate technical path to provide such services, but economic 
barriers exist here. As discussed above, location-based services exist within the mobile telephony 
domain, but these are generally not freely-accessible. Mobile telephony consumers in North 
America and Europe have complained about the cost of mobile data services that are required to 
provide advanced functionality such as location-based information (van de Roer,  30 May 2008; 
Metrics 2.0, 2006). 
 
Freely, public Wi-Fi is, thus, an attractive technical substrate upon which to base services within 
the Intelligent City project. Many cities have had great difficulty in deploying public  Wi-Fi 
services, however. The barriers to deploying wide area municipal Wi-Fi networks are widely 
recognized. Such networks are relatively expensive to deploy compared to wireless networks that 
are developed in organization contexts, such as a corporate building. First, a “backhaul network” 
is required to channel data traffic receieved by the wireless routers distributed across a city space 
on to their Internet destinations. Typically, these backhaul networks are fiber optic networks or 
specialized wireless networks. The design of a municipal  Wi-Fi network must also anticipate 
greater bandwidth requirements than might be expected within a single organizational complex. 
Network equipment must also be environmentally hardened. 
 
Traditional business models based on expectations of profit or, at minimum, cost recovery have 
proven to be unrealistic. Cities, such as Fredericton, New Brunswick in Canada have 
successfully deployed and sustained a free and publically-accessible Wi-Fi service by 
approaching it first as a necessary public service, such as sidewalks, without expectations of 
profit (Gallant, M. & Fitzgerald, D., 2008). Additionally, the backhaul network is partially 
funded as a cooperative of corporate members that use its services.  
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Another successful model for deploying “free” Wi-Fi has been a federated hotspot approach 
pioneered by Île Sans Fil in Montréal. In this approach, entities such as cafes join Île Sans Fil by 
agreeing to provide Internet access and a wireless router within their space. In exchange, Île Sans 
Fil  provides a system which allows registered users to access the network for free. This benefits 
the cafes and other entities that join by attracting clientele. The hotspot model presents 
difficulties for the types of intelligent city services that are better served by contiguous coverage, 
such as the public transit scenarios discussed above.  Nonetheless, the hostspot model must be 
consider among the tools available for provisioning services. 
 
The City of Fredericton has expressed an interest in developing services for residents and tourists 
atop its Fred-eZone Wi-Fi network. This has been one of the motivations for the development of 
the Intelligent City project, which is itself based in Fredericton. The Fred-eZone presents and 
ideal environment with which to test the hypotheses discussed above. 
 
 
3. An Architecture for Provisioning Intelligent City S ervices 
 
The Intelligent City project envisions a systems architecture capable of supporting the 
incremental deployment of new services in a manner that makes them interoperable with existing 
services and able to leverage third party Web services. The state of the art for statisfying these 
requirements is the service-oriented computing paradigm.  
 
Service-oriented computing is defined as “a paradigm for organizing and utilizing distributed 
capabilities that may be under the control of different ownership domains” which “provides a 
uniform means to offer, discover, interact with and use capabilities to produce desired effects 
consistent with measurable preconditions and expectations” (OASIS, 2006:8, 29). Papazoglou et 
al. define SOC as an approach to software development that “utilizes services as the constructs to 
support the development of rapid, low-cost and easy composition of distributed applications” 
(Papazoglou, 2006:2).  
 
The Service-oriented computing environment (SOCE) for the Intelligent City project is being 
implemented using the Web services approach to service-oriented computing.  The specific 
model of Web services being used is Representational State Transfer (REST) (Fielding, 2000). 
REST provides a relatively simple and scalable approach to implementing a consistent “service 
bus” to which new services can be attached and across which they can communicate with each 
other. This is depicted in Figure 1. This approach is also generally amenable to integrating the 
wide range of services now available on the Web that are provide using related approaches. 
These include a wide spectrum of services on the Web that be accessed using a “RESTful” 
approach. This allows the creation of new services by combining or “mashing up” information 
retrieved from existing services and other data sources. Such services include Google Maps and 
Facebook.   
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Each service in the SOCE represents a well-defined set of functions or capabilites that are 
offered to “client” applications. REST provides a common access mechanism is used across all 
services. This makes for efficient implementation of services and clients.  They need not be 
burdened by having to create custom software to handle data communications for each new 
service.  Designers can, thus, focus on developing the internal logic of the new service. 
 
 
4. Location-Based Services Prototype 
 
The first service to be developed within the Intelligent City project's SOCE was a general 
waypoint service. The waypoint service allows clients to report and retrieve geographic locations 
(or waypoints) and associated information. This service was designed primarily to be used 
service  clients that are running mobile devices that have a GPS receiver and access to Wi-Fi. 
Clients collect location information from their attached GPS device and send it to the waypoint 
service with other information related to the application being supported. For example, a public 

 
 

Figure 1. Intelligent City architecture. 
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transport application might send a bus route number along with the waypoint.  Collection of 
these data by the waypoint services makes them available for any number of other uses by other 
services simultaneously. 
 
The waypoint service is being used to build a full featured service to test the public 
transportation hypothesis discussed above. Using the Waypoint Service and associated mobile 
clients in conjunction with Google Maps, it was possible to implement a Bus Locator service.  
This service is designed to show people the position of buses traveling within a transit area in 
real-time on a Web-based map. The Bus Locator service contains the elements decribed in 
Figure 2 has been implemented and is currently undergoing evaluation.  
 
 
 

 

The Bus Locator provides the user with an alternate view of Fredericton's implementation of 
Google Transit. The prototype depicts static bus stop waypoints and dynamic bus location 
waypoints. The downtown-to-university portion of Fredericton Transit's Route 16 was modelled 
with an eye toward a future evaluation with university students, who make up a significant 
proportion of Fredericton Transit riders. Figure 3 shows Route 16 along with Fredericton's 
MBWN coverage areas.  The dashed line indicates the bus route. The shaded regions indicate 
Wi-Fi coverage as measured by the city Fred-eZone administrators. One expected problem in 
designing services within a MBWN is that desired service areas may be partially disjoint from 
network signal areas. This is in fact the case in Fredericton for the bus route that was chosen as 
seen in Figure 3.   
 
 

 
Figure 2. Intelligent City -- Bus Locator Architecture 
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The mash-up shows a blue beacon representing the last known location of a bus. Both of these 
features are depicted in Figure 4.   

 
 
Bus Beacons can be used to indicate more information than position. Textual information about 
the Bus and its route can be accessed by clicking on the Bus Beacon. This is depicted in Figure 
5. 
 

Figure 3. MBWN coverage in relation to Bus Route 16. 

Figure 4. Static Bus Stop Waypoints and dynamic Bus Beacon 
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5. Initial Results 
 
Initial studies of the MBWN environment and of the Bus Locator's performance were performed.  
A survey of Wi-Fi signal strength for the “Fred-eZone service set identifier ( SSID) was 
performed made along the chosen bus route to obtain a picture of the real coverage area and to 
establish a baseline against the performance of the Bus Locator can be assessed.  
 
General results of the Wi-Fi signal survey are given here. More details are provided in a 
companion paper, which focuses on technical aspects of this work. The signal strength survey 
revealed the presence of signal where none was expected based on the city's coverage maps. 
Some significant gaps in coverage were detected as was expected.  
 
An initial test of the connectivity between the Waypoint Reporter and the Waypoint Service (see 
Figure 2) yielded promising results. In this test, the Waypoint Reporter was moved at a walking 
pace within a small part of the Wi-Fi coverage area. Waypoint data were successfully 
commmunicated to the Waypoint Service and displayed on the Transit Monitor. On occassions 
were connectivity was lost, the service was successfully continued after reconnection.  
 
A second connectivity test was conducted where the Waypoint Reporter was moved at an 
average velocity meant to emulate its operation on a bus. This test was conducted through the 
entire university-to-downtown portion of Route 16. A device running the Transit Monitor  was 
driven through the portion of the route halting briefly at transit points along the route to mimic a 
bus pausing at the marked bus stops.  The performance of the system during this test was not  
satisfactory. While some waypoints were successfully communicated to the Waypoint Server and 

Figure 5. Interrogating a Bus Beacon 
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updated on the Transit Monitor, a consistent connection could not be maintained throughout the 
route, even in areas were measurements were the strongest.  
 
6. Conclusion & Future work 
 
The ultimate objective of this experimental work is to improve the design of the Bus Locator 
system such it is stable enough to conduct a public trail on a real bus to validate our hypothesis 
that appropriate ICT can improve ridership. The initial results of both tests, while not 
satisfactory, suggest promising posibilities for this type of system.  
 
Further experiments with the Bus Locator are required to understand specific performance issues 
within this environment and to improve its fault tolerance. Results of the two  experiments 
reported above suggest that consistent connectivity might be possible using commodity Wi-Fi 
range extension technologies such as external antennae mounted on the outside of the vehicle. 
Further quality of service experiments must control for weather conditions, precise positioning of 
the antenna, vehicle velocity, and other factors.  
 
A secondary benefit of the signal strength survey was that it revealed a plethora of SSIDs along 
the Route. These represent networks that are operated by residences and organizations along the 
route. This suggests an architectural alternative for the Intelligent City SOCE that is based 
around a federated hotspot model, such as that implemented by  Île Sans Fil. This might offer the 
advantage of maximal signal strength throughout a service area. This would, however, 
necessitate more complex logic within mobile clients to negotiate “hand-offs” between networks 
as it searchs for attractive SSIDs, as indicated by signal strength. 
 
The results also suggest that it is prudent to pursue solutions that can adapt to partial 
connectivity. Predictive models of motion could be implemented to “fill in the picture” of where 
a bus is located when it is outside of a Wi-Fi coverage area. These types of models would depend 
on the availability of historical data of real bus arrival 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 relatively high velocities will contribute to Wi-Fi 
connectivity problems observed within the SOCE. Apart from considering specialized wireless 
routers, the results of the second test points to the need to explore the use of an SOCE 
architecture that makes use of stationary network elements to determine location. The 
relationship between the moving object being monitored and the Waypoint reporter would, 
thereby, be inverted: bus stops would be responsible for reporting bus location. A special class of 
mobile Wi-Fi routers now exists, which can potentially alleviate difficulties in maintaining 
connections under the conditions of a Bus Locator scenario. The economics of both of these 
solutions appears to be less attractive than the initial approach, as they would likely require a 
more expensive infrastructure. One solution proposed by the City of Fredericton is to make use 
of the wireless backhaul network used to support the 802.11 network. It is purported to have 
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connectivity properties that can better support the range and motion requirements of the 
Waypoint Reporter. 
 
Complementary functionality to the basic Transit Monitor is also being conceptualized. This 
includes the development of novel forms of search and trip planning made possible by the Bus 
Locator architecture. 
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