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ABSTRACT 

Commercial Automatic Vehicle Locator (AVL) systems use 

GPS to supply real time bus location information to citizens 

within urban settings. These implementations have resulted 

in significant boosts in citizen ridership on public 

transportation and consequently a reduction of carbon 

emissions. Despite these benefits, the cost of AVL systems 

retards deployment in many cities. The rise in society’s use 

of cell phones presents a mobile infrastructure that could be 

leveraged to create low cost citizen-enabled AVL systems. 

Presently we lack knowledge of what makes AVL systems 

effective and valued from a user standpoint, and of the 

technical challenges that must be addressed to create a 

successful citizen-enabled system. In this paper we 

highlight key design features noted in interviews with 8 

users of existing major AVL systems and present a survey 

of technical opportunities and challenges for citizen-

enabled AVLs. We then describe the design of a context-

aware application to detect bus location which leverages co-

ridership to ensure data reliability and to conserve phone 

battery life. Collectively, this study contributes insight into 

why any citizen-enabled system must be highly automated, 

which attributes are most important to automate, and the 

imperative socio-technical design considerations.  
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INTRODUCTION & MOTIVATION 

Society benefits from public transportation; yet utilization 

is limited due to schedule unpredictability. The proliferation 

of GPS-enabled, mobile technologies provides an 

opportunity for citizens to contribute data that can inform 

other riders and port authorities in order to influence service 

dependability.  In this project we examine the viewpoints of 

riders that have experienced improved service with 

Automatic Vehicle Locator (AVL) systems operated by 

transit organizations and use these findings to design a 

socially-driven AVL system that riders will value and that 

port authorities can afford.   

Recently, nearly 20 cities across the country, including 

Pittsburgh, were classified by the Environmental Protection 

Agency as “moderate non-attainment” areas, indicating 

they currently exceed the upper threshold of EPA air 

quality standards and are placing vulnerable populations, 

such as children and the elderly, at even higher risk [6]. 

Encouraging increased use of public transportation, such as 

buses, represents a key public service platform to help curb 

rise of these consequences.  

Despite potential individual, local, and global benefits, key 

barriers stand in the way of increasing bus ridership among 

citizens. In his extensive survey of citizen motivations and 

barriers to accepting bus transit, Schwarz [9] argues a 

fundamental problem as being difficulties associated with 

understanding when a bus on a given route was due to 

arrive at a respective bus stop. More recently, Carnegie 

Mellon has conducted field research to investigate local 

citizen attitudes toward and uses of bus transportation in 

Pittsburgh [1, 18]. While this work has resulted in outcomes 

related to transportation accessibility [10], a key problem 

reported by participants preventing larger adoption and 

sustained use of city buses, similar to Schwarz’s finding, is 

directly owed to the lack of available dynamic information 

with respect to where buses are at any given time, as well as 

the respective levels of capacity for those buses. For 

example, Zimmerman et al. report that in a workshop 

organized with local Pittsburgh transportation officials, 

managers indicated: “roughly 85% of all calls were riders 

asking ‘Where is my bus?’…[and] often the calls came 

because the rider could not reconcile the schedule they had 

with the buses they saw or did not see arriving at a stop.” 

[11, p. 6]. Collins et al. [3] also discuss the barrier lack of 

real-time bus information poses to ridership.  

Technologies exist, and are in active use to provide citizens 

with up-to-date information on bus locations and estimated 

times of arrival at particular stops. AVL systems are the 

most widely adopted bus transit location technology and are 

currently implemented in a handful of mid-sized to large 

American cities, such as Seattle, Baltimore, Kansas City, 

and Milwaukee [5]. Case studies indicate that their 

implementation has resulted in significant increases in 

ridership from one year to the next [7], one case reporting a 

40% increase in ridership [2]. However, implementing an 

AVL system within a mid-sized city is estimated to cost 

over one million dollars and yearly upkeep expenditures 

remain high [7], which collectively have prevented many 



major cities, such as Pittsburgh, from adopting them.
1
 The 

mainstream adoption of GPS-enabled phones presents new 

opportunities, as Paulos et al. suggest, to shift the mobile 

phone paradigm from mere communication tool to personal 

instruments which “enable individuals to become active 

participants and stakeholders as they publicly collect, share, 

and remix measurements of their city that matter most to 

them” [8, p. 414]. This model is situated within the broader 

historical context of “Citizen Science” movements, which 

aim to enable citizens to contribute data that can facilitate 

change within their local communities [8]. Paulos et al. 

further expand on citizen science initiatives by proposing 

the use of mobile technology for participatory urbanism, 

which is aimed at promoting “new styles and methods for 

individual citizens to become proactive in their involvement 

with their city, neighborhood, and urban self-reflexivity” [8, 

p. 420].  

The Networked Neighborhoods project (within Pittsburgh) 

[4] as well as Parkscan [7] have emerged as successful 

participatory urbanism initiatives; however, no participatory 

urbanism projects have explicitly focused on issues of 

public transportation. Through their research, Zimmerman 

et al. [11] found that citizens do not relate to all public 

services the same. For example, systems such as Parkscan 

[10] focus on ends, or environments that citizens “seek in 

their pursuit of experience” [11, p. 9]. In contrast, services 

like public transportation have to do with means in the 

sense that citizens “engage with this service not for the 

specific experience of the ride, but in order to achieve a 

different goal” [11, p. 9]. This detached view suggests a 

high expectation of value for a low investment of personal 

resources. Much research has been conducted on employing 

context aware approaches to the implementation of 

socially-driven systems.  These include: MyExperience 

activity monitoring [13], traveler models generated using 

GPS data and external environment data learned via 

Expectation-Maximization [14], UbiGreen’s combination 

of accelerometer and GPS data [12], and machine learning 

in the Shakra project [15].  Leveraging transparent 

experiences can bring people together for the public good 

and at the same time build virtual relationships between bus 

riders and bus transportation entities to facilitate the design 

of a desirable service. 

METHODS  

Data for the qualitative portion of this study was gathered in 

the following manner. A total of 8 participants (3 female 

and 5 male) were recruited through advertisements in online 

forums in the San Francisco and Seattle areas. These cities 

were selected as they both have longstanding successful 

commercial AVL bus systems implemented and 

subsequently offer populations of users heavily reliant on 
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 http://wiki.github.com/novalis/BusTracker is an early open source web & 

mobile-based development platform for tracking city buses, however has 

not yet been implemented in any cities on a wide scale to date.  

these systems. Participants were required to first take a 

screener survey to in order to ascertain whether they would 

be suitable for the study as well as to collect user 

demographics. The resulting pool of participants all 

reported being frequent users of the NextBus [nextbus] 

AVL system in their respective city. Participants reported 

using the NextBus system during a variety of different 

times over the course of an average day in both planned and 

unstructured ways. The majority of our participants (6 of 8) 

reported the personal computer as being the primary way in 

which they accessed the NextBus service (i.e. via the 

website), however most participants reported using their 

mobile phones or other computers to receive AVL 

information.  

Our sample represented people of many different ages and 

occupations. The ages of our participants are as follows: 

(mid-20s [P4, P5, P8], mid-30s [P2, P3, P7], mid-40s [P1], 

mid-60s [P6]). Occupations included a student, a reporter, 

an information technology consultant, a self-employed 

business consultant, a freelance computer programmer, an 

office administrator and a graphic designer. No participants 

reported having additional occupations. After participants 

had completed the demographic survey, we conducted 

interviews with participants, which were conducted over the 

phone and typically lasted between 30-45 minutes. A semi-

structured interview approach was used, in which 

researchers posed questions designed to prompt discussion 

on a range of issues related to everyday usage patterns of 

and experiences with the AVL system. For example: When 

you think back to the past week, can you describe your 

experiences of when you used the NextBus system? For 

example, how do you access it? What time of day? Where 

were you? Did you encounter any problems? How did you 

deal with them? Additionally, interview questions aimed to 

elicit participant reflections on contextual factors related to 

entering the bus (e.g. When you think about the last time 

you got on the bus, what were you doing when you got on 

it? For example, did you have your hands full (with 

groceries or your cell phone, etc..)? What about over the 

past week?) and comparative patterns of usage prior to and 

after implementation of the AVL system (e.g. Can you 

compare and contrast previous bus riding experiences to 

using NextBus? For example, has NextBus motivated you to 

ride the bus less, more, or about the same compared to 

before it was implemented?).   

All interviews were audio taped, which resulted in nearly 

5.5 hours of recordings. We listened to recordings and 

transcribed relevant segments, which were organized into 

these. Meetings were held several times for the research 

team to discuss and corroborate emergent themes; we coded 

the textual documents using these themes. Based on this 

analysis, we will present several examples taken from 

interviews with participants, which we feel capture the core 

themes emerging across our discussions. Collectively, these 

data are then used to outline some broader thematic design 

recommendations that highlight key opportunities for 
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potential future citizen-enabled AVL system. In what 

immediately follows, we discuss the approach and methods 

for the technical component of our two-part study.  

Data for the technical portion of this study was gathered 

from 4 user scenarios representing rider patterns.  Bus 

routes 71A, 71C, and 71D were identified along 5th 

Avenue in Oakland between CMU and PITT as they 

provided a frequency of stops, crisscrossing routes, and 

back-to-back routes.  Two riders were equipped with an 

iPhone with a GPS tracker application and an eWatch 

external accelerometer device.  (Note: This test rider pool 

was limited due to the availability of equipment.)  The E-

Watch accelerometer was clipped to the belt of the riders so 

that it was most tightly coupled with the overall body 

movement.   

Scenarios were planned to depict riders: 

1. on the same bus sitting either side-by-side or across the 

aisle 

2. on the same bus sitting in the front and back of the bus 

(furthest distance apart) 

3. on separate buses following the same route driving 

bumper-to-bumper with one rider in the back of the 

first bus and the second rider in the front of the bus that 

was following, and  

4. on separate buses departing from opposite points 

(CMU/PITT) and passing along the route. 

  

The iPhone clocks were set against the network and stop 

watches were synchronized against the iPhone (and each 

other, to the second) to provide time annotations for the 

accelerometer data, which was not collected within the 

device itself.  Upon getting on a bus, each rider recorded 

the time and enabled both the application and the device to 

start collecting data.  The accelerometers were tethered to 

each of the riders to minimize extraneous motion data.  

Upon getting off the bus, the application/device data 

collection was terminated and a stop time was noted.  This 

generated two data sets of GPS location data and two data 

sets of accelerometer data for each scenario. 

 

GPS data of both riders for each scenario was imported into 

an Excel workbook labeled for the scenario.  The latitude, 

longitude, and time stamp records were aligned to correlate 

each rider's positional location at a point in time.  Several 

calculations were performed and graphed to evaluate and 

examine the data points.  The latitude and longitude values 

were plotted to visualize proximity along the route (over 

time. The distance between the riders' coordinates was 

calculated using the Haversine formula to denote scope of 

gps accuracy error.  

 

The accelerometer data was extracted for each trip and 

plotted to show a temporal correlation for fluctuations.  

Because the accelerometer tend to be sensitive and noisy, a 

smoothing algorithm was applied to more clearly highlight 

the corresponding bumps.  The smoothing algorithm used 

was a moving window average of 5 seconds. 

 

QUALITATIVE RESEARCH FINDINGS  

In this section we present and interpret qualitative 

reflections arising from semi-structured interviews with our 

participants to outline key themes emerging across our data. 

A consistent general theme across our interviews suggested 

that participants were principally motivated to use the 

public transportation system for two key reasons: (i) the 

combined expense of owning a car and finding parking was 

considered difficult (or completely unfeasible) and (ii) the 

value of having real-time bus location information. For 

example P6 & P7’s reflections are representative of many 

of our participants responses: “In San Francisco, it’s really 

difficult to park. Traffic in certain parts of the city can be 

really overwhelming. …it’s perfectly convenient to take 

[public] transit to get around now.” (P7),  “The costs are 

not comparable. I can buy a monthly pass and my total 

transportation costs are less than $45. It makes sense every 

way I look at it” (P6). Several participants (P2, P3, P4) also 

noted a secondary motivation for using public 

transportation as being directly linked to reducing 

environmental impact, “…once you have a kid officially 

you’re not a kid anymore. …you want to be part of helping 

the environment, public transport is one of the easiest 

ways.” (P3) Moreover, P4 further reflects on how ease of 

use provided by the AVL service played in supporting their 

desire to live more environmentally sustainable, “One of the 

biggest problems I had [in Seattle] was getting around and 

getting places on time [on the bus]. …I hate to drive but 

sometimes I would have to. …We recently got rid of one of 

our cars, you know we’re trying to live be more green. …I 

use the bus system to pretty much get around everywhere 

now” (P4). P4’s reflection saliently highlights a critical way 

in which up to date bus information from AVL systems can 

influence citizens to use public transportation on a more 

frequent basis. P3, a decade long resident of San Francisco, 

reflects on changes in his experience of using public 

transportation after the AVL system was implemented, “It 

was like night and day once they installed it. I can't imagine 

trying to get around now without it. ...I don't think I would 

ride the bus nearly otherwise” (P3). P8 similarly describes 

the positive impact the NextBus has had on his motivation 

to take the bus, “I’m much more likely to the when I know 

exactly when it’s going to be there as opposed to standing 

around for half an hour” (P8). Despite the general positive 

reception conveyed by all of our participants with respect to 

their use of the AVL system, several diversified forms of 

use, key problems and emergent desires arose across our 

interviews. 

Contexts of Use 

Participants reported relying on the NextBus service in 

three distinct situations: at home, from work (or terminal 

destination after leaving home), and while navigating 

through urban settings (typically to find the close stop t o 

the most optimal route). Participants accessed the NextBus 



website through personal computers (P1-P8), work 

computers (P1, P2, P3, P4) and mobile phones, which 

ranged from low-end cell phones (P1, P4) to GPS-enabled 

smart phones (P3, P5, P7, P8). When from home, 

participants had well-established routines with respect to 

the buses they took during the day to get to regular 

destinations. “Everyday I wake up and get ready to go to 

campus and check online [on my computer] to see when the 

bus is coming. …I leave about 5 minutes before it comes so 

I don’t have to wait. ..if the site is down, if it’s not 

important, I probably won’t just go wait [at the bus stop]” 

(P4); “If I’m in my home, I use NextBus online to see when I 

can leave to catch a bus. …The computer is what I go to 

first” (P8). In accordance with P4 & P8’s reflections, all 

other participants reported using their personal computers 

to check when their local bus would be arriving when they 

were first leaving their house. Participants also reported 

frequently using personal computers inside to access the 

NextBus website when planning their journeys back home 

(often from work), “I check it everyday before leaving 

work, sometimes a couple times …I don’t want to miss the 

bus you know but I’m not in a hurry to wait” (P1). Similar 

to P4’s reflection, P1 was reluctant to take a chance riding 

the bus if he had another option, “yeah well sometimes it’s 

down. I hate that. …I usually try to get a ride from 

somewhere here [at office]. …if I can’t I walk down [to the 

stop] and wait” (P1). Finally, participants (P3, P5, P7, P8) 

described the third context in which they accessed the 

NextBus website as being when they were out in an urban 

setting and negotiating where the most optimal bus stop for 

their route was in relation to their current spatial position. 

For example, P3 is a consultant whose days are 

characterized by balancing unpredictable local bus travel, “I 

use my blackberry to figure out the best one [bus] to take if 

I’m out and a meeting switches to another location or 

something comes up. …you could say it’s more in an 

unanticipated kind of way. …no I don’t use it once I’m at 

the stop unless the bus doesn’t come at all, but that doesn’t 

happen often. …the whole point of is getting to the bus” 

(P3).  

While the three use scenarios outlined by our participant are 

themselves not entirely surprising, what we want to draw 

attention to how participant responses collectively 

suggested that they did not require AVL information at the 

stop itself, but prior to arriving there. This overarching 

theme suggests most citizens require reliable AVL 

information outside of the bus stop context to ensure they 

will be motivated to ride the bus in the first place. This 

contrasts our original assumption that information provided 

directly at the bus stop would be highly valued by citizens. 

Moreover, P1 reflects on the presence of NextBus 

marquees installed in shelters in San Francisco, “I mean 

they’re nice to have, but I usually already know when the 

bus is coming when I’m there. …it’s not that they aren’t 

useful but they city probably spent a lot of money on them 

when they could’ve used it on something else” (P1).  

Another significant finding emerging across our interviews 

with participants owes to their behaviors in and around 

shelters. The time spent at bus shelters presents a key space 

to encourage citizens to contribute to the grass-roots service 

with their mobile phones. For example, if a citizen has his 

or her mobile in hand when a bus arrives, in theory they 

could quickly upload information related to the location, 

time and route of the arriving bus. However, all participants 

reported that their hands were rarely free when a bus 

arrived and usually occupied both with payment materials 

(e.g. bus pass, coins, dollars) and other extraneous objects 

(e.g. books, iPod, groceries, bag). For example, consider the 

following reflections, “I had a backpack with about 40 lb. 

of books in it, a coffee, and my wallet that I had pulled out 

to show my pass.  Generally, I have some sort of backpack 

with me.  I try to have my hands free so I can show my 

pass” (P7); “I always have a few books with me [in hand] … 

I pay with change if I have the right amount. …so yeah my 

hands are full …and my phone stays in my pocket or 

backpack” (P4). 

Collectively these findings suggest key implications for the 

design of citizen-enabled AVL systems.  On the one hand, 

citizens’ general lack of hand availability when buses arrive 

and generally throughout the journey suggests the citizen-

enabled AVL system will need to largely be automated. In 

other words, such a service will need to leverage prediction 

and context-aware applications, opposed to relying on 

citizens’ manual input of information for the core service 

(i.e. real-time location of buses). Nonetheless, this is not to 

suggest that additional information uploaded by citizens 

could not play a worthwhile role in improving the quality of 

the system and incentivizing use. For example, citizens’ 

trend of accessing AVL information prior to arriving at the 

actual bus stop location suggests a citizen-enabled system 

suggests key opportunities exist in exploring what kinds of 

additional types of information would be considered 

valuable to citizens when accessing the service from remote 

locations (e.g. home, work). In what immediately follows, 

we present key problems experienced by our participants 

and emergent desires resulting from experiences with 

commercially driven AVL systems, which concretely 

outline specific opportunities with potential to increase the 

perceived value of a citizen-enabled AVL system.   

Community of Consumers 

When investigating public transportation in the city of 

Pittsburgh, Zimmerman et al. found surprisingly little 

interest in the service as anything more than a service [18].  

This is to say that riders of public transportation view it as a 

means rather than an end in itself.  It is not so surprising 

then that the current research echoed these findings.  

Participants widely reported not wanting to be friends, but 

rather to get where they’re going without trouble.  “...sure 

you make friends on the bus sometimes, talk to people, 

that’s natural.  But it’s not the kind of thing you’re going to 

get deeply involved in with someone.  You’re all going 

where you’re going” (P2).  “I definitely recognize the same 
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faces day after day after day, but I’m not necessarily 

communicating with them.  I do feel like I’m part of a 

community that rides public transportation, trying to stay 

green and all.  But as a community that identifies as its own 

thing?  I couldn’t really say.  I feel like I’m doing 

something better than driving to work” (P8). 

All of the participants expressed a strong desire for a higher 
fidelity of information.  “I would like the times they post to 
be accurate instead of assumptions” (P6).    Despite this 
consumer-oriented approach to public transportation (and 
vehicle location), many others stated their willingness to 
put more into public services if they were to get more out of 
them.  “I would be more than willing to help out anyone 

else trying to figure out how to move about their day.  I use 

the bus enough to value a service where other people are 

helping me out” (P8).  “I think it’s important for other 

citizens to kind of watch out for each other. ...I write on a 

local blog about our area [in Seattle] ...I report on what’s 

going on, to keep people informed. I haven’t written about 

the bus systems, no, but I could see how that would be 

useful if problems came up, to draw attention to them. ...no, 

I don’t think about the readers per se.  I volunteer to do it 

to get the information out there you know, so there’s a 

different perspective represented...” (P4).

All of this points to a group of consumers who would work 
together not from a sense of kinship, but rather from a 
desire to maximize the public utility.  “…we’re [citizens] 
paying for [NextBus], you know, as tax payers” (P2).  Like 
groups who boycott retail stores and staunchly shop at 
others, these public transportation riders demonstrate a 
willingness to cooperate if it means making their own 
experiences better.  This consumer attitude suggests an 
important design goal for a citizen-enabled vehicle location 
service.  Such a system must treat the users as valued 
customers, and it should provide facilities for working 
together unobtrusively while allowing users to give 
feedback to the service providers.  By respecting the riders 
as a community of consumers, a citizen-enabled service 
might successfully pull in the information needed to keep 
the system running. 

Emergent Needs 

In the following section, we address many issues brought to 

our attention by interaction with public transportation 

riders.  Some of these problems concern the transportation 

system, while others concern the vehicle information 

system.  Additionally, the solutions to some of these issues 

suggest a socially driven vehicle location service, while 

other issues may simply be resolved with changes to 

existing systems.  Addressing these concerns would likely 

increase use of not only the vehicle location service, but 

also the public transit system. 

Chaining Information 

Several participants expressed an interest in a more 

consolidated chain of information.  For example, one 

participant (P3) worked as a consultant, and he regularly 

had to access three separate websites every time he rode the 

bus.  First, he visited Google Maps to find the nearest bus 

stop.  Second, he accessed the San Francisco Municipal 

Transportation Agency (or “Muni”) website to learn which 

buses frequented the nearest bus stop.  Finally, he used the 

NextBus site to figure out arrival information for the 

appropriate buses.  Other riders mentioned a need for more 

information on the NextBus website itself.  “One feature 

that is not available would be connection relationships.  If 

they could do that with all the spots... and link together 

multiple transfers in a very accurate way would be very 

helpful” (P7).  “I would like to be able to look at two lines 

at once if I’m going to make a transfer.  I can get a sense of 

what the waits would be” (P6).  These comments suggest a 

need for a more consolidated chain of information.  This 

finding is not unique to citizen-enabled vehicle location 

services, but rather applies to automated services as well. 

Providing Vehicle Capacity 

Zimmerman et al. found that many riders of public 

transportation have difficulty estimating vehicle capacity 

[18].  Even when the buses are on time, sometimes there are 

simply too many people riding.  “One of the biggest 
problems I’ve had with taking the bus around the city is not 
knowing when it is full” (P3).   “Yeah probably most of the 
time I miss the bus is when it’s full. ...it’s horrible, I have to 
wait out in the rain for another one even though I was there 
on time! ...sometimes I walk or get my husband to drive me 
if he can” (P4).  Participants echoed this sentiment time 
and time again.  The most common story is that the bus 
driver simply waves to the people waiting at the stop and 
drives on by.  Without a better source of information, 
would-be-riders either start walking or continue waiting 
with no guarantee that the next bus will have room.  This 
issue suggests an excellent supplementary service that 
would greatly benefit the riders.  Providing information on 
remaining capacity on the next bus would arm the riders 
with the information they need for a more informed 
decision.  Additionally, the capacity estimate could be 
provided either by other riders using a citizen-enabled 
service, or by an automated system (such as RFID). 

P8: “In the morning, it’s really crowded with students.  The 

bus is too full to accept any new passengers, so the driver 

would just wave and move on.”  Interviewer: “Would you 

find it helpful to get an indication of the fullness of the 

buses before they arrive?”  P8: “Yes!  Absolutely!  That 

sounds amazing.  If they could do that, just to figure out 

which bus is best for you to take, by all means that would be 

a great idea.” 

Providing Shelter Information 

Another great opportunity for improvement revolves around 

the shelters where buses stop.  The existing systems provide 

little or no information about the shelters (short of their 

general location), but interviewees expressed interest in 

much more.  “Another thing I wish I could know more 



about is how many people are at the bus shelters. It rains 

here so much, and I hate getting caught in it, especially if 

I’m going to a meeting. ...Yeah if I knew if one was full and 

it’s raining I would look for another stop” (P3).  “…it rains 

pretty much everyday in the winter [in Seattle], but then 

sometimes the shelter’s full, and I have to wait out in it 

anyway” (P4).  Additionally, P3 stated her concern that 

shelters sometimes move around without any notice to 

riders.  “…it seems like bus stops [and shelters] are moving 

around but sometimes you don’t know where they’ve gone, 

so you miss your bus because you see it go by but don’t 

know where to catch it. ...That is really frustrating” (P3).  

Finally, two interviewees expressed concern that shelters 

could be unsafe to vulnerable travelers.  “One of the things 

that made me drive more over the past year is that in some 

of the areas the stops are in are getting pretty unsafe. I saw 

someone nearly get robbed at one 6 months ago. I don’t 

even know if that got reported or if the city is doing 

anything about it.  ...I don’t take that route anymore. ...yeah 

I just drive or get a ride with a friend” (P1).  “...the thing is 

it’s important to know whether where you’re at is safe or 

not. I don’t trust what the Muni [city transit agency] says 

about some of these places. They say some of these stops 

are safe, but I was at one where a guy got onto a bus and 

started fighting another person on there, just right there in 

front of me. ...Someone on the bus recorded with their cell 

phone. ...I think that’s the right thing to do, we need more 

people doing that” (P3).  This concern for safety and desire 

for more information points to another opportunity for 

vehicle information services.  While it is not strictly tied to 

the vehicles themselves, the stops and shelters all contribute 

to the travel network.  Keeping them safe (and keeping 

riders informed of their status) could certainly be 

accomplished through more involved feedback from users. 

Handling Exceptions 

Vehicle location services regularly fail.  This is due to 

several reasons that are completely unknown to the end 

users.  For example, sometimes a public transit vehicle 

experiences an issue that the vehicle location service cannot 

handle.  “Buses get slowed up during certain 

circumstances.  You’re not sure if it’s picking up someone 

in a wheelchair or if it broke down or something like that.  

You’re not really sure where the bus is” (P8).  In other 

cases, the information network breaks down due latency, 

software, or hardware failures.  “If I’m at a bus kiosk, and 

the sign’s up, the sign just says ‘no data.’ ... Or the 

predictions are just ridiculously off.  That means they’re not 

getting updates from the buses themselves.  Something’s 

died in the system” (P7).  Whatever the case, system 

failures give little or no information to the user.  In the 

worst cases predictions become frustratingly inaccurate, 

and riders spend excessive time waiting on a bus that will 

never come.  “After the first couple of times when I realized 

it was unreliable, I just didn’t use [NextBus] any more” 

(P5).  Situations such as this would be considered 

“exceptions” in an information system.  Handling 

exceptions gracefully (and informing the user of them when 

appropriate) bears great importance for a well-designed 

end-user information system.  These failures suggest a great 

opportunity for a citizen-enabled service to improve upon a 

purely automated system.  A socially driven service could 

propagate information from the point of failure (a rider who 

experiences the breakdown) or from the service provider to 

other users.  The nature of an automated system is that it 

must categorize all possible events and flag them as they 

occur – any event that doesn’t fit into a category causes a 

major problem.  A citizen-enabled service, however, 

naturally overcomes this obstacle.  If users are able to 

provide comments (or flag their own information inputs), 

the system could organically adapt to exceptions. 

Communicating with the Service Providers 

Participants, by and large, felt disconnected from the 

service providers.  More specifically, attitudes toward the 

San Francisco Municipal Transportation Agency were 

particularly negative.  Riders felt that they could not 

communicate with Muni, especially when it was most 

important.  “…you can call the Muni office or the BART but 

you’re not going to get any help from them. ...you hardly 

ever even talk to a real person” (P1).  Additionally, many 

interviewees stated that they did not trust information from 

the transit agency.  “Calling Muni is a waste of time.  One 

often gets wrong information from operators” (P6).  “I feel 

like they lie to citizens. They are not up to speed when 

disseminating info; when they do get it up on their website 

it’s not correct or the most honest” (P3).  Oddly enough, 

citizens expressed no antagonism toward the actual service 

provider (NextBus).  In the case of San Francisco, the city 

maintains a contract with a third party (NextBus) to operate 

the hardware and software that power the automatic vehicle 

location system.  In an effort to better serve their 

constituents, however, Muni provides an information phone 

line that citizens may call with questions and concerns.  

“You know right now you call the [bus service] office, and 

it’s like throwing [your comment] into a black box.  No one 

will ever hear it or care” (P3).  Issues such as trust and 

communication are particularly difficult to address, 

especially in places where the system is already in place.  

For new implementations, these findings suggest that 

service providers and governmental agencies take particular 

care to accept feedback from citizens and improve their 

services accordingly.  A citizen-enabled vehicle 

information service provides a unique opportunity for riders 

to make their voices heard.  Similarly, it presents a great 

responsibility for service providers and agencies to 

participate, communicate, and improve the system. 

One interviewee remarked that when the NextBus system 

initially launched in San Francisco, the quality of service 

initially improved.  “One of the things I noticed is that 

when NextBus started here the behavior of the bus drivers 

changed ...They seemed more respectful I think because we 

could track them, you know make them feel more like they 

should be helping us out…” (P2)  Over time, however, he 
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felt the service deteriorated.  “…now the [bus] system 

seems slower and we get less information about what’s 

actually happening. ...Really what I’d like to know is the 

information about the actual bus I’m on so I can say if the 

driver’s doing a good job or screwing around” (P2).  This 

is only one example, but it clearly illustrates a citizen’s 

concern that without feedback and accountability, the 

motivation to improve may dry up.  These comments 

highlight the importance of open communication between 

service providers and consumers. 

DETERMINING CO-RIDERSHIP 

The qualitative analysis showed that users would highly 

prefer a hands-free approach to the design of the socially-

driven AVL system.  However, such a design would require 

more context awareness and cost battery life.  In addition, 

transmitting GPS coordinates itself can also cause 

significant drain on battery life.  Finally, another concern is 

data reliability.   

One method of address both of these concerns is to detect 

co-ridership.  This can then be leveraged to reduce battery 

consumption by using a round-robbin approach to submit 

GPS data.  For example, if the system knew that 10 people 

were riding the bus together, they can take turns sending 

GPS data rather than each person sending redundantly.  

Also, in compromising with the above, having data from 

various people in a cluster can increase reliability and 

reduce error.  A balance could be found to benefit both. 

The following looks at using GPS and accelerometer data to 

determine co-ridership. 

GPS 

In determining co-ridership, the accelerometer data seemed 

to be more useful than GPS.  The GPS readings showed 

high correlation between riders when they were together on 

the bus.  However, the distances calculated showed a large 

margin of error.  When two people were on the same bus, 

the GPS distances often fluctuated within hundreds of feet 

(distance calculation was done using Haversine’s 

forumula).   

 

The following graph shows the GPS correlation between 

the latitude readings of rider 1 and latitude reading of rider 

2 when they are sitting together on a bus.  The x-axis is 

time. 

 

 

The following graph shows the GPS correlation between 

the longitude readings of rider 1 and rider 2 for the same 

bus ride.   

 

 

The following two graphs shows a XY scatterplot of the 

two latitudes and two longitudes.   

  

R = 0.98 

 



  

R = 0.95 

 

The tight correlations show that it is possible to clearly 

recognize co-ridership, even if data points were reduced.   

 

The following two graphs show the same data for a bus ride 

where the two riders were on different buses approaching 

from opposite directions.  The correlation was highly 

negative which serves as a clear indicator that they were not 

on same bus.   

 

  

R = -0.97 

  

R = -0.95 

 

Accelerometers 

The accelerometer readings showed quite a clear 

correlation.  Although a person may shift and move while 

on a bus, the majority of the time the person is standing or 

sitting still.  During those times, fluctuations in the ride will 

cause both accelerometers to register the bumps at the same 

time.  The quality of this recognition will of course be 

dependent on the amount of movement the rider makes and 

the degree of bumpiness of the ride.   

 

The following graph shows the accelerometer readings of 

two riders on the same bus.  The x-axis is the nth reading.  

The readings were done at 20 times per second. 

 

  

The data of following graph was smoothed using a moving 

average window of 5 seconds to more clearly highlights the 

synchronized fluctuations.  

 

  

 

Although visually one can see the correlation, a simple 

correlation coefficient could not be done because the 

readings were recorded a high frequency (20 times per 

second) and were registered at different milliseconds.  A 

dynamic time warp would perhaps be a better tool to show 

the degree of synchronization. 

The following two graphs show the accelerometer readings 

for two buses back to back.  The first graph is unsmoothed 

and the second is smoothed using moving average window 

of 5 seconds. 
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In this ride, Kevin sat in the front bus, and Angela sat in the 

back bus.  The two buses moved together relatively closely 

for a few minutes.  Interestingly, the graph shows many 

acceleration spikes occurring for Kevin shortly before 

occurring for Angela.  This shows that it may be possible to 

detect ridership of sequential buses also. 

 

CONCLUSION AND FUTURE WORK 

In this paper, we described a two part study investigating: 

(i) the requirements for designing & implementing a 

citizen-enabled AVL system and (ii) technical opportunities 

for detecting co-ridership. Our qualitative research revealed 

that for citizen-enabled services to be effective it is likely 

necessary the system will need to be highly automated. 

Moreover, our interviews revealed several emergent 

problems and desires that highlighted key design 

opportunities for improving the value of AVL systems via 

citizen-enabled contributions. With respect to the technical 

component of our study, the GPS data, though inaccurate in 

distance showed a strong correlation for co-riders.  The 

accelerometer data showed an even stronger correlation 

because of its reading accuracy.  However, significant 

errors could be introduced to the accelerometer readings by 

the rider’s shifts and movements, especially while standing.  

More analysis needs to be done to create an automatic 

recognizer to apply the accelerometer and GPS analyses to 

return a Boolean co-ridership status or a confidence 

interval.  One particular method that may be useful for the 

accelerometer data analysis is Dynamic Time Warp which 

we were not able to perform at this time. Collectively, this 

work highlights key social and technical factors critical to 

shaping future citizen-enabled AVL system now and well 

into the future.   

On the quantitative front, the GPS data, though inaccurate 

in distance showed a strong correlation for co-riders.  The 

accelerometer data showed an even stronger correlation 

because of its reading accuracy.  However, significant 

errors could be introduced to the accelerometer readings by 

the rider’s shifts and movements, especially while standing.  

More analysis needs to be done to create an automatic 

recognizer to apply the accelerometer and GPS analyses to 

return a Boolean co-ridership status or a confidence 

interval.  One particular method that may be useful for the 

accelerometer data analysis is Dynamic Time Warp which 

we were not able to perform at this time.   
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