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A B S T R A C T

SmartSAT is a mobile web application designed to enhance the efficiency and equitable access of San Antonio’s
public transit services, providing real-time bus arrival predictions, notifying riders of seat availability, and
gathering rider’s feedback. It aims to leverage technology to deliver an inclusive service with potential impacts
for social equality, and enhancement of overall ridership experience. Two studies were conducted to access
the impact of SmartSAT on the actual bus arrival times and rider’s communte experience. The findings of the
arrival times analysis indicated that certain routes exhibited very slow average differences between their actual
and schedule arrival times while a couple displayed a big average difference showing significant delayes and
deviations from the schedules timetable. The rider experience study found that there is a differential in the
feelings of access to the city’s public transit system held by poor, working-class, and Latinx communities in
San Antonio. These findings suggest the need for regular minitoring and optimazation of the bus schedules to
improve the effieiency and inclusive access to the current transportaiton system. The outcomes of the study
primarily benefit San Antonio residents, especially for underserved communities, leading to an enhancement
of its transit network infrastructure.
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1. Introduction

Public transportation connects people to other people to places in
obs, education, health, and social & economic opportunities they need.
n recent years, smartphones have become so important as a new nor-

mal means in daily life. Smartphone applications have transformed the
way that people connect to opportunities using public transportation
ervices. Many public transit systems operate based on the available
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tools and their core applications often depend on the pre-built third-
party software programs created by vendor companies, which makes
the transit system difficult to customize in adopting changes. Given
the benefits of fast but less costly implementation, a few disadvan-
tages of using the pre-built software include limited functionality,
incompatibility, and scalability [1]. The demand for mobility services
using smartphone apps is also increasing in urban areas to improve
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Fig. 1. System architecture [9].

uality services [2–4]. However, providing sustainable quality services
f transportation is yet another challenge [1,3].

Providing accurate information of real-time bus arrivals and bus ca-
acity is critical to reducing rider’s wait time. Knowing arrival times at
us stops in real-time can allow riders to adjust their travel to minimize
he waiting time and to reduce the travel time [5,6]. The development
f such a system that provides critical information can benefit society
y potentially improving rider experience and increasing their ridership
nd public transit share [6]. However, riders’ waiting time at bus stops
nd irregular bus arrival information are often missing when historical
ata is used in analyzing the demand of mobility service on public
ransportation to find problems of improving services [3]. According to
he research [7], commuters on public transportation in most American
ities have disproportionately lower incomes than commuters who
se automobiles. Transit agencies use surveys to evaluate commuters’
erceptions, but the surveys lack collecting important data from low-
ncome residents on complex mobility experiences [7]. To address
hese, some smartphone apps have been developed to collect residents’
PS-tagged and Quality of Service (QoS) data. However, these apps
ften fail to collect critical information to characterize complex trips,
ut also lack privacy protection and decision support systems [7].
any cities also adapt their transportation resources to support the

community during the coronavirus pandemic to help essential workers
get to work more easily [8].

Many efforts have been made to address the above issues: Providing
eal-time tracking of metro buses in urban areas by automatically
etecting bus-stops, and accurately predicting bus arrival times using
istorical and real time location data [6]; Making good travel time

predictions for routes with the bus GPS data using artificial neural
networks [8]; California’s Orange County Transformation Authority
(OCTA) launched the Transit app in 2020 to provide real-time bus
apacity so riders can check enough available seats. During the COVID,

OCTA limits the number of passengers on buses: up to 15 passengers for
a regular 40-foot bus and up to 20 passengers for a 60-foot bus [10,11];
The LA County Metropolitan Transportation Authority also partnered
with the Transit to improve customer experience by providing ac-
curate real-time bus arrival information [11,12]. The NSF sponsored
Pitt Smart Living project developed a platform integrated information

system to increase the utilization and improve quality service of public
transportation with real-time information of arrival and utilization of
relevant options of public transit [13,14]. AC Transit for the Bay Area in
California support services of providing real-time bus arrivals and bus
capacity and accepting rider’s feedback is [15]. Google Maps provides
route options in various modes of transportation, including driving,
transit, and walking, also targeting a broad range of users including
visitors and travelers [9]. Google Maps provides real-time information
on bus arrivals but only for major stops. It also provides general options
for user feedback on crowdedness, temperature, and accessibility.

SmartSAT is a mobile-web application customized for the San Anto-
nio (SA)’s Metropolitan Public Transit, VIA. Its purpose is to contribute
to adress the above-mentioned challenges and to make the critical
service available in the SA community. The analysis results of the
‘‘Who is Rider’’ pre-COVID survey in 2019 indicate: 61% of typical
VIA riders are Hispanic or Latino and 20% Black or African American;
72% of the riders are employed in full time and utilize VIA 5–7 days a
week; 67% of them live at or below the federal poverty level making
less than $25,000 per year; 58% of the riders do not have any motor
vehicle in their household [2]. The 2019 US Census Bureau for the
city of San Antonio reported: 64.25% of the population are Hispanic or
Latino and 7.0% Black or African American alone, and 17.8% people
in poverty [5]. Providing public transportation service is critical to
Black or African Americans and those who live at the poverty level, in
particular. Aligned with the needs, the objectives of SmartSAT are to:
(1) Decrease riders’ wait time and reduce their overall travel time, (2)
Enhance rider’s satisfaction and overall quality of ridership experience,
and (3) Provide reliable transit with convenient and equal access to get
to places of employment, education, health, business, and services.

2. Software architecture and functionalities

The application is designed to build a platform that easily adapts
to the changes of functional requirements and plans for expansion
and long-term goals. It intends to provide greater compatibility and
reusability with other programs and devices by building its infrastruc-
ture on clouds. The application has contributed to research with some
outcomes in the peer-reviewed scholarly publications [9,16–19].
2
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2.1. Architecture

Fig. 1 presents an architecture of the SmartSAT system [9]. The ap-
plication has been developed on a Django and Gunicorn web server that
is deployed on Google Cloud’s serverless platform, Cloud Run, using a
Docker container [9,17,20]. The containerization offers some benefits,
including easy portability, optimized resource utilization with cost, and
uick development lifecycle [21]. Django is a Python web framework

that follows the model-template-views architectural pattern and works
relational databases. Django is hosted on a Gunicorn server being run
by Cloud Run. It is connected to a PostgreSQL instance created in
Google Cloud. User data, bus data, and route data such as associated
bus stop locations and scheduled times are stored in the PostgreSQL
instance. When a user interacts with a map, data is communicated with
the server via AJAX executions. AJAX is an asynchronous tool that
requests a URL in the background allowing the user to interact with the
map without having to reload the page. We created special URLs where
our server handles requests from AJAX executions on the front-end.
Google Maps Distance Matrix API is used to calculate transit distance
and duration between the coordinates of a bus and the coordinates of a
given bus stop. The API also considers real-time traffic situations when
calculating arrival times at selected stops. Other APIs such as Maps
Java Script API, Directions API, and Places & Geocoding API are used
for various map-related displays on the map. All interfaces respond to
different screen sizes of devices and different browsers and yet run well
on any mobile phone, tablet, laptop, and desktop. Its design goals are to
make it easy to connect riders, drivers, and management/development
teams, whichever phones or devices and browsers they use.

2.2. Functionalities

The application serves as the main connection point among riders,
drivers, and administrators in these ways: (1) A rider uses the app
to choose a route and ride from a bus stop and a destination stop
and receives real-time bus arrivals, (2) A bus driver monitors seats
and notifies availability to the system when there are very limited
seats with 3, 2, 1, or 0 seats available. (3) The development team
and administrators deploy emergency alerts, and schedule changes
instantly notified riders through their phones. (4) Rider’s feedback and
comment on commute experience are collected through a well-designed
survey questionnaire. Toward these, the major functionalities of the
application include:

• Real-time bus arrivals at stops for piloting six VIA bus routes
• Seat availability alerts with limited seats (<= 3)
• Instant alert messages on important schedule and route changes
• Multiple routes display in an admin view
• Feedback collections from riders on their commute experience

Real-time bus arrivals at stops: This functionality has two compo-
nents: (1) The real time location broadcast of the bus and (2) Updating
the estimated arrival time in the maps User Interface (UI). For the
real time location broadcasting, a bus driver is entitled access to a

ebpage in which they shall be able to select a route from a list of
alid bus routes and enable the sending of their bus location to the
erver. navigator.geolocation.watchPosition method is used to obtain
ocation data, which is given as latitude and longitude coordinates.
he watchPosition function also provides other data including approxi-
ate speed, the accuracy of the location coordinates, and heading. We

undle all this data together JavaScript. This bundled data is sent to
he server in JSON format via an AJAX call. Updating an estimated
rrival time on an ahead stop in the google maps UI mainly relies on
he corresponding object in the buses table in the database. This also
onsists of three parts: (a) Updating the bus markers on the map, (b)
howing the real-time arrival details on selecting a particular route,

To update the bus markers on the map, when a rider selects a route
from the radio buttons, a JavaScript function is executed that makes
an AJAX call which sends to the server the ID number of the bus route
that is currently selected in the dropdown. When a rider clicks a bus
stop marker in the map, an estimated or scheduled arrival time data is
displayed in a small window above the marker, showing the real-time
arrival details on the selected stop on the particular route (Fig. 2. (a),
(b), (d)) The functionality involves drawing the polylines on the map
based on the current location of the bus. A required color is configured
for each route polyline in the database. The polyline drawing details
are loaded and stored using Google Map’s DirectionsService API. In
summary, the complete list of events happening in order to show the
updated arrival time in an info window is as follows.

• User clicks on a bus stop (This will open an info window for
that bus stop. Each info window has a callback function that is
called when the info window is opened. This callback function is
responsible for showing the arrival time in the info window. This
callback function is invoked every 5 s to get the updated arrival
time from the server).

• The front-end code sends an AJAX request to the server to get
the arrival time for the bus stop (This is the call back method
mentioned in the previous step).

• The server code checks if there is an active bus on the route.
• If there is an active bus on the route, then the server code calls the

Google Distance matrix API passing the current location of the bus
and the location of the bus stop to get the estimated travel time.

• The server code returns the estimated travel time to the front-end
code.

• If there is no active bus on the route, then the server code returns
the scheduled arrival time of the bus to the front-end code.

• The front-end code displays the arrival time in the info window.

Bus capacity with limited seats: This feature allows the rider to see
how many open seats are available on a bus. This is indicated by the
color of the bus’s icon on the map. Green means there are more than 3
seats available. Yellow means there are less than 3 seats available. Red
means there are no seats available. This is described in a collapsible
legend box on the bottom right-hand corner of the map as shown in
Fig. 2(c). A simple UI has been implemented for bus drivers to update
the status of their seat availability shown in Fig. 2(e). The bus driver
shall use these buttons to indicate their seat availability status at any
time they wish while they are broadcasting their location. When a bus
driver begins their location broadcast, their bus icon shall appear on
the map as the green bus icon by default. No action is required of the
driver for this to happen, it is done automatically.

Instant alert messages: A page was created in which riders may
view announcements made. Currently announcements shall be created
only in the admin site (by administrators). When an announcement
is created, it simultaneously will appear on the announcement page
(viewable to the public) and is sent out to registered riders as an SMS
text message. Twilio service is used to make SMS text messages. Valid
riders are those with a non-empty phone number. Phone numbers are
collected when a person registers a profile with the application. When
necessary, an admin can also create a profile in the admin site, which
has by default an empty string phone number.

Multi-routes display in an admin view: The purpose of the multi-
routes display in the admin view is to enable administrators with a
comprehensive oversight of all routes, allowing them to monitor and
track the real-time locations of buses simultaneously. Fig. 3 presents the
view showcasing a comprehensive presentation of all currently active
routes within the selected route category. These are organized under
the selection menu located on the left side of the interface upon logging
nd (c) Drawing the route polyline based on the current bus location.

3
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into the system with a role of an administrator. This capability is not
accessible to regular users such as riders or drivers.

Feedback collections on commute experience: To collect data on
idership experiences and the impact of SmartSAT, we deployed in-
truments for data collection: Phase I (Fig. 4 left) involves user expe-
ience survey to assess rider’s interpretation of and engagement with
n their overall use of the current VIA transit system (https://tamusa.
o1.qualtrics.com/jfe/form/SV_7WF9vwgK7BUyoxE). Phase II (Fig. 4
ight) investigates how the use of SmartSAT has aided riders in timeli-
ess of arrival to work, school, and other important events (https://
amusa.co1.qualtrics.com/jfe/form/SV_0NT7LynF4lUNuNo). This will
ook at how they understand the information provided in SmartSAT
o have increased their accuracy of predicting their arrival at these
mportant events relative to their past experiences without
martSAT.

. Illustrative examples

Fig. 2 provides illustrative examples to showcase the major function-
lities of SmartSAT, displaying the screenshots of routes 93, 64, and 51
aptured during the field test. The routes, 93 and 64, are categorized
s ‘Express Service’ type, which is designed for commuters traveling
n expressways. Route 51 is categorized as fixed ‘Metro Service’ type,
perating every 30 or 60 min and running more frequently in the
orning and afternoon. The bus icon in green indicates that there are

urrently enough seats available on the bus. When the bus has limited
eats such as lower than 3, the driver can easily click on a button in
ellow (<3 seats) or red (no seat available). Riders get informed about
he seat availability through the changed color of the bus on the route
n the map. The color of the bus icon is to ensure riders being aware

4. Impacts

Studies were conducted to assess the impact of SmartSAT: (1) a
study on the analysis and evaluation of actual bus arrival times and (2)
a study on the commute experience of riders. From the data collected
in field tests on routes 30, 53, 64, and 93, the first study focused
on the analysis of the difference between VIA’s scheduled and actual
bus arrival times. From the analysis, we learned that monitoring and
evaluating bus arrival times are important to improve the adherence
to schedule. Such insights can help transit authorities optimize their
bus schedules, reducing delays therefore rider’s overall wait times. The
rider experience study was focused on understanding the experiences of
bus riders in public transportation, from collecting data on experiences
with bus use, such as transfers, wait times, and perceptions of bus
arrival times. Despite rider’s reliance on Google Maps and other tech-
nologies, percent expressed a need for a new app to be made available.
There is a significant gap between existing technology for accessing
bus information and the bus user’s desire for an improved means of
accessing public transit information in San Antonio.

4.1. Study on bus arrival times

A preliminary study was conducted with the public data dataset of
San Antonio buses [22] to evaluate their adherence to the scheduled
times [18] by comparing classical and deep learning models and their
ability to accurately predict bus adherence. The analysis of data showed
that different routes and specific parts of the day show variations in
how well they stick to their schedules. The study found that some
characteristics such as part of the day, the direction of the bus, and its
location can significantly impact delays in bus arrival and departure
times [18]. While certain routes experience these, others have less
issues. This implies a possible relationship between the time of day and
infrastructure challenges.
f the seat situation before getting on board.

4
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Fig. 2. Illustrative examples in a rider view.

The follow-up study was conducted with the actual data collected
from the field test [21]. The study focused on the analysis of the
difference between VIA’s scheduled and actual bus arrival times. The
actual arrival times were collected by tracking the GPS locations of the
buses on four different routes: Route 30 (downtown of SA to east),
Route 93 (downtown of SA to north), Route 64 (downtown of SA to
west) and Route 51 (downtown of SA to south) – the representation of

three routes in Fig. 2. The results demonstrated that the best routes
in adherence to the schedule are Route 30 and Route 30 Reverse.
These routes have extremely low average differences between actual
and scheduled arrival times (0.0021 and 0.0035 min, respectively). The
buses on these routes are highly punctual and tend to adhere closely to
the scheduled timetable. The worst Routes in Adherence to Schedule
were Routes 93 and 51. Route 93 has the highest average difference
5
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Fig. 3. Multi-routes display in an admin view.

Fig. 4. Survey questions on rider experience: Phase 1 (left) and Phase 2 (right).

between actual and scheduled arrival times (4.85 min). Buses on this
route tend to experience the most significant delays or deviate the most
from the scheduled timetable.

Route 51 also has a relatively high average difference (3.89 min),
indicating a notable delay in bus arrivals compared to the scheduled

times. The notable delays on these two routes occurred during the
evening part of the day at specifically identified times, from 4 pm to 6
pm, which could imply that traffic could contribute to the delays. Some
routes demonstrated variability in Arrival Times. For example, Route
93 Reverse has the highest standard deviation (2.07 min), indicating
6
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a

Fig. 5. Desired service with a smart phone app to improve the use of VIA transit.

a higher variability or inconsistency in the difference between actual
nd scheduled arrival times. Buses on this route may experience more

fluctuation in their arrival times compared to other routes. Results also
reported the routes with Minimal Delay. Route 64, along with Route
30 and Route 30 Reverse, has an average difference close to zero,
indicating minimal delay or even instances of buses arriving earlier
than scheduled. These routes demonstrate a high level of adherence
to the schedule. From the analysis, we learned that monitoring and
evaluating bus arrival times are important to improve the adherence
to schedule. Such insights can help transit authorities optimize their
bus schedules, reducing delays therefore rider’s overall wait times.

4.2. A study on commute experience

To address the question on ‘How do racial/ethnic and class-stratified
communities in San Antonio access buses?’, the survey was initiated
with ongoing data collection, interviews initiated with the data collec-
tion on bus ridership experiences, access to buses, and city space. Data
was collected for the phase one survey with 101 responses and 7 inter-
views. The results show that respondents have significant use of Google
Maps and smart phones to access bus information and buses generally,
93.1 percent of respondents use internet-enabled smart phones to ac-
cess their bus information, with 57.14 percent of respondents selecting
Google as their first choice for accessing bus transit information [19].
Additional results show that Latinx and poor/working-class commu-
nities in San Antonio feel as though they have decreased or limited
engagement with buses relative to other communities throughout the
city. With a majority using Google as their first choice for bus informa-
tion, 21.43 percent also use the existing transit phone app to access bus
information. Despite this reliance, 82.14 percent expressed a need for
a new app to be made available [19]. This means there is a significant
gap between existing technology for accessing bus information and the
bus user’s desire for an improved means of accessing public transit
information in San Antonio. The study also found that there is a
differential in the feelings of access to the city’s public transit system
held by the poor, working class, and Latinx communities in the city of
San Antonio.

Specifically, on the question of ‘What would you like for this smart
phone app to include as a service to improve your use of VIA Transit?’
by ranking it in order of preferred improvements, 1 = Most preferred
improvements to 10 = Least preferred improvements (Fig. 5), 48.98%
of the respondents showed the preferred service ‘‘Live bus tracking’’
as their top choice, followed by ‘‘Route delay information’’ (26.53%)
and ‘‘Transfer and connection information’’ (22.45%). Overall, the
results indicate a strong desire for improving the current transit service

Fig. 6. Race/ethnicity.

Fig. 7. Household income.

for real-time tracking and delay information with interests in other
supportive services.

The demographics of the respondent’s breakdown with 55.10%
of the respondents identified as Hispanic or Latina, 20.41% White
non-Hispanic, 6.12% American Indian or Native America, 2% Black
or African American and some other race (Fig. 6). Regarding the
household income distribution (Fig. 7), the largest group, 38.78% of
them reported their household annual income of $0-$15,000, 22.45%
7
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has incomes between $15,001-%35,000, and 20.41% within $35,000-
$55,000, which indicates 81.63% are from lower-income of less than
$55,000.

Overall, the analysis of data has yielded clear indications that for
our predominantly Latinx and predominantly working class, a signif-
icant portion earning at or less than the annual median income for
San Antonio, respondents there is significant difficulty in using and
accessing public transit [19]. The reasons are numerous but based on
our survey 52% of respondents using the bus to commute to work
or three or more days with the remaining using it less than two
ays per week [19]. Such high usage of the bus indicates significant
eliance upon the VIA transit system and issues of technology, with
4.4% using their smartphones and a majority of respondents using
oogle Maps to access bus information, we see that technology is

ignificantly impacting their experiences with the public transit system.
ost of the respondents live on the north side of the city and commute

cross the city to either the Westside or Southside of San Antonio. This
esults in a majority of respondents having commute times of greater
han one hour (61%). Ultimately leading to greater difficulty in their
aily lives as they are expected to be on time for work, school, and
ther activities. Generally, this illustrates that within these Latinx and
oor and working-class communities, there is a significant difficulty in
aining access to bus information and certain areas of the city spaces
ecause of longer commute times and issues with accurate technology.

. Conclusion, limitation, and future work

The major contribution of this paper is the development of the
martSAT that is a customizable mobile web application for San An-
onio public bus transit, providing real-time bus arrivals, seat capacity
nformation, service change or update alerts, and a mechanism for
iders to provide feedback on their experiences. The objective of the ap-
lication is to enhance public transportation services and improve the
ommuting experience for a diverse group of riders in San Antonio. To-
ard this, two research studies were conducted to assess the impact of
martSAT on the analysis of actual bus arrival times and the commute
xperience of riders. From the data collected in field tests on piloting
outes, the first study focused on the analysis of the difference between
IA’s scheduled and actual bus arrival times. The findings indicated

hat certain routes exhibited very low average differences between their
ctual and scheduled arrival times, while a couple displayed a big
verage difference that showed significant delays and deviations from
he scheduled timetable. Furthermore, some routes experienced small
verage delays in the afternoon, but the delays significantly increased
n the evening. These findings suggest the need for regular monitoring
nd optimization of the bus schedules to improve the efficiency of the
urrent SA transportation system.

The rider experience study was focused on understanding the expe-
riences of bus riders in public transportation, from collecting data on
experiences with bus use, such as transfers, wait times, and perceptions
of bus arrival times. The study found that there is a differential in
the feelings of access to the city’s public transit system held by poor,
working-class, and Latinx communities in SA. From the results of ana-
lyzing the data from the phase one survey, we constructed Phase two
survey instruments and, thus plan to begin collecting data to determine
whether or not the implementation of our new app will improve rider
experiences with the transit system. Additionally, the study would also
look into insights on whether using SmartSAT app can increase the
amount of people that take the public transportation service.

This work has limitations on the datasets collected from four routes
only from the field test on a weekday. They do not necessarily represent
the data for all routes and different days of running buses. From the
findings of the studies on bus arrival times, future research can be
ursued with quantitative evaluation by gathering riders’ feedback on
hose routes with below 50% on-time arrival rates. Due to the limited

data collected, however, further analysis with larger data and different

parameters such as traffic conditions, rush hours, days on weekend and
other external variables can also be involved in the future analysis.

CRediT authorship contribution statement

Young Lee: Data curation, Software, Visualization, Writing – review
& editing. Jeong Yang: Conceptualization, Data curation, Funding ac-
quisition, Investigation, Supervision, Writing – original draft. Moham-
mad Al-Ramahi: Investigation, Resources, Writing – review & editing.
Daniel Delgado: Data curation, Investigation, Resources, Writing –
review & editing.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

This material is based upon work supported by the National Science
Foundation’s Grant No. 2131193. Any opinions, findings, conclusions,
or recommendations expressed in this material are those of the au-
thor(s) and do not necessarily reflect the views of the National Science
Foundation.

References

[1] Choosing between a custom software application and a third-party so-
lution, 2021, https://www.sgstechnologies.net/blog/choosing-between-custom-
software-application-and-third-party-solution-0.

[2] Smartphone Applications to Influence Travel Choices: Practices and Policies, US
Department of Transportation, Publication #: FHWA-HOP-16-023, 2020, Last
modified May.

[3] A. Arman, P. Bellini, P. Nesi, M. Paolucci, Analyzing public transportation
offer wrt mobility demand, in: TESCA’19, New York, NY, USA, 2019, http:
//dx.doi.org/10.1145/3364544.3364828.

[4] T. Jimbo, K. Fujinami, Detecting mischoice of public transportation route based
on smartphone and GIS, in: UbiComp/ISWC ’15 Adjunct, September (2015) 7–11,
Osaka, Japan, 2015, http://dx.doi.org/10.1145/2800835.280090.

[5] Carlos Romero, Andrés Monzón, Andrea Alonso, Raky Julio, Added value of a
customized transit app for metropolitan bus trips, Transp. Res. Procedia (ISSN:
2352-1465) 47 (2020) 513–520, http://dx.doi.org/10.1016/j.trpro.2020.03.126.

[6] P. Rajput, M. Chaturvedi, P. Patel, Advanced urban public transportation system
for Indian scenarios, in: Proceedings of the 20th International Conference on
Distributed Computing and Networking, 2019, pp. 327–336.

[7] SCC-IRG Track 1: Inclusive Public Transit Toolkit to Assess Quality of Service
Across Socioeconomic Status in Baltimore City, UMD College of Information
Studies.

[8] AC Transit, https://www.actransit.org/.
[9] J. Yang, Y. Lee, W. Noonan, A. Abraham, Demo abstract: smartsat - A cus-

tomizable secure app for san antonio transit pilot project, in: Proceedings of
the 20th ACM International Symposium on Mobility Management and Wireless
Access, MobiWac ’22, ACM, New York, NY, USA, 2022, http://dx.doi.org/10.
1145/3551660.3560910.

[10] Real Time Infor to Help Riders with OC Bus Capacity. https://www.metro-
magazine.com/10124680/real-time-info-to-help-riders-with-oc-bus-capacity.

[11] Transit, Go Your Own Way. https://transitapp.com/.
[12] Metro Magazine. https://www.metro-magazine.com/.
[13] Pitt Smart Living Project. https://pittsmartliving.org/.
[14] Dear Colleague Letter: Access to Commercial Cloud Computing Resources for

Proposers Submitting to the CISE-MSI Program, https://www.nsf.gov/pubs/
2021/nsf21058/nsf21058.jsp.

[15] Kristi Bushman, Alexandros Labrinidis, Utility-based scheduling for public dis-
plays with live content, in: Proceedings of the 8th ACM International Symposium
on Pervasive Displays - PerDis’19, 2019.

[16] J. Yang, Y. Lee, W. Noonan, A. Abraham, Demo abstract: smartsat - A customiz-
able secure app for san antonio transit pilot project, 2022, Selected Showcase
at Kudos, https://www.growkudos.com/publications/10.1145%25252F3551660.
3560910/reader.

[17] A. Abraham, J. Yang, A comparative analysis of performance and usability on
serverless and server-based google cloud services, in: Lecture Notes in Networks
and Systems, vol. 700, Springer, Cham, 2023, http://dx.doi.org/10.1007/978-3-
031-33743-7_33.
time frames would be needed to validate the findings. Additional

8

https://www.sgstechnologies.net/blog/choosing-between-custom-software-application-and-third-party-solution-0
https://www.sgstechnologies.net/blog/choosing-between-custom-software-application-and-third-party-solution-0
https://www.sgstechnologies.net/blog/choosing-between-custom-software-application-and-third-party-solution-0
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb2
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb2
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb2
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb2
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb2
http://dx.doi.org/10.1145/3364544.3364828
http://dx.doi.org/10.1145/3364544.3364828
http://dx.doi.org/10.1145/3364544.3364828
http://dx.doi.org/10.1145/2800835.280090
http://dx.doi.org/10.1016/j.trpro.2020.03.126
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb6
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb6
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb6
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb6
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb6
https://www.actransit.org/
http://dx.doi.org/10.1145/3551660.3560910
http://dx.doi.org/10.1145/3551660.3560910
http://dx.doi.org/10.1145/3551660.3560910
https://www.metro-magazine.com/10124680/real-time-info-to-help-riders-with-oc-bus-capacity
https://www.metro-magazine.com/10124680/real-time-info-to-help-riders-with-oc-bus-capacity
https://www.metro-magazine.com/10124680/real-time-info-to-help-riders-with-oc-bus-capacity
https://transitapp.com/
https://www.metro-magazine.com/
https://pittsmartliving.org/
https://www.nsf.gov/pubs/2021/nsf21058/nsf21058.jsp
https://www.nsf.gov/pubs/2021/nsf21058/nsf21058.jsp
https://www.nsf.gov/pubs/2021/nsf21058/nsf21058.jsp
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb15
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb15
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb15
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb15
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb15
https://www.growkudos.com/publications/10.1145%2525252F3551660.3560910/reader
https://www.growkudos.com/publications/10.1145%2525252F3551660.3560910/reader
https://www.growkudos.com/publications/10.1145%2525252F3551660.3560910/reader
http://dx.doi.org/10.1007/978-3-031-33743-7_33
http://dx.doi.org/10.1007/978-3-031-33743-7_33
http://dx.doi.org/10.1007/978-3-031-33743-7_33


Y. Lee, J. Yang, M. Al-Ramahi et al. Software Impacts 22 (2024) 100714
[18] Mohammad Al-Ramahi, Izzat Alsmadi, Daniel Delgado, Young Lee, Prediction
and analysis of bus adherence to scheduled times: san antonio transit system,
in: AMCIS 2022 Proceedings, vol. 9, 2022, https://aisel.aisnet.org/amcis2022/
sig_dsa/sig_dsa/9/.

[19] D. Delgado, J. Yang, M. Abdel-Rahman, Y. Lee, Infrastructures of inequality and
enclaves of inaccessibility: understanding public transit’s role in the maintenance
of race and class segregation in San Antonio, Texas, J. Mobil. (2023) submitted
for publication.

[20] Anoop Abraham, Jeong Yang, Analyzing the system features, usability, and
performance of a containerized application on serverless cloud computing sys-
tems, 2023, http://dx.doi.org/10.21203/rs.3.rs-3167840/v1, PREPRINT (Version
1) available at Research Square.

[21] C. Pahl, Containerization and the paas cloud, IEEE Cloud Computing 2 (3) (2015)
24–31, http://dx.doi.org/10.1109/MCC.2015.51.

[22] SmartSA Datathon, 2020, https://sites.google.com/respec.com/smartsa-datathon-
2019/home.
9

https://aisel.aisnet.org/amcis2022/sig_dsa/sig_dsa/9/
https://aisel.aisnet.org/amcis2022/sig_dsa/sig_dsa/9/
https://aisel.aisnet.org/amcis2022/sig_dsa/sig_dsa/9/
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://refhub.elsevier.com/S2665-9638(24)00102-7/sb19
http://dx.doi.org/10.21203/rs.3.rs-3167840/v1
http://dx.doi.org/10.1109/MCC.2015.51
https://sites.google.com/respec.com/smartsa-datathon-2019/home
https://sites.google.com/respec.com/smartsa-datathon-2019/home
https://sites.google.com/respec.com/smartsa-datathon-2019/home

	SmartSAT: A customizable mobile web application toward improving the efficiency and equitable access of San Antonio's public transit services
	Introduction
	Software architecture and functionalities
	Architecture
	Functionalities

	Illustrative examples
	Impacts
	Study on bus arrival times 
	A study on commute experience

	Conclusion, Limitation, and Future Work
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


