USDOT Region V Regional University Transportation Center Final Report

NEXTRANS Projects No. 1410SUY2.1 and No. 1720SUY2.2

RESEARCH, EDUCATION AND OUTREACH FROM
CAMPUS TRANSIT LABORATORY

And

CAMPUS TRANSIT LABORATORY: INFRASTRUCTURE FOR RESEARCH,
EDUCATION, AND OUTREACH

By

Mark R. McCord, Principal Investigator
Professor of Civil, Environmental, and Geodetic Engineering
The Ohio State University
mccord.2@osu.edu

and
Rabi G. Mishalani, Principal Investigator
Professor of Civil, Environmental, and Geodetic Engineering

The Ohio State University
mishalani@osu.edu

Report Submission Date: March 13, 2018

Discs:'.'éfy Park



ACKNOWLEDGMENTS AND DISCLAIMER

Partial funding for this research was provided by the NEXTRANS Center, Purdue University
under Grant No. DTRT12-G-UTCO05 of the U.S. Department of Transportation, Office of the
Assistant Secretary for Research and Technology (OST-R), University Transportation Centers
Program. Additional funding was provided by The Ohio State University (OSU) including the
College of Engineering and Transportation and Traffic Management.

The authors are grateful to OSU’s Transportation and Traffic Management for its support of the
OSU Campus Transit Lab (CTL) and Elizabeth Kelley-Snoke, Tom Holman, Timothy Smith, and
Sean Roberts for their efforts in supporting the development and continued maintenance of the
CTL, which resulted in the availability of the data used in this project.

The contents of this report reflect the views of the authors, who are responsible for the facts and
the accuracy of the information presented herein. This document is disseminated under the
sponsorship of the Department of Transportation, University Transportation Centers Program, in
the interest of information exchange. The U.S. Government assumes no liability for the contents
or use thereof.



TABLE OF CONTENTS

L INTRODUCTION ...t e 4
2. OUTREACH AND DISSEMINATION ......iuiiitiiiiiii e 13
3. RESEARCH ACTIVITIES ... e 20
4. EDUCATION ACTIVITIES ... e 25
5. SUMMARY Lo 26
6. REFERENCES ... e 27
LIST OF FIGURES

FIGURE 1: The Ohio State University Campus Area Bus Service (CABS) route map for the
academic year 2013-2014 ... 5
LIST OF TABLES

TABLE 1.2-1: Summary of numbers of bus trips and passengers sampled using an OBS procedure
to collect OD flow information by academic term and route; CLS: Campus Loop South, CLN:
Campus Loop North, NE: North Express, CC: Central Connector, ER: East Residential, MC:
MeEdICal CONLET .. .o.uttit i e et O

TABLE 1.2-2: Summary of numbers of bus trips and passengers sampled using mobile device Wi-
Fi scanner during Autumn 2013 and Spring 2014 by route and time-of-day; CLS: Campus Loop
South, CC: Central CONNECIOT .....uuttiitt it ettt ettt ettt e 11

TABLE 1.2-3: Summary of numbers of bus trips and passengers sampled to collect APC and AVL
data by academic term and route; CLS: Campus Loop South, CLN: Campus Loop North, NE:
North Express, ER: East Residential, BV: Buckeye Village, CC: Central Connector ............. 11



1. INTRODUCTION
1.1 Background

Increased use of public transportation services is an effective means of achieving
sustainable transportation in cities around the world. To increase the use of public transportation
under resource constraints, it is important to improve the understanding of public transportation
supply characteristics and demand behavior and make use of this understanding to improve service
planning, design, and operations functions. Analyzing and interpreting in sifu public transportation
conditions that are readily accessible and observable can greatly improve this understanding.

Project investigators previously worked with The Ohio State University (OSU) Campus
Area Bus Service (CABS) and a private technology provider to equip the CABS network with
state-of-the-art sensing, communications, and passenger information systems that are presently
used to provide real-time bus arrival information to CABS users and ridership and location
information to CABS operators and planners. In addition to being used for service planning,
design, and operations, automatic vehicle location (AVL) and automatic passenger count (APC)
data are downloaded nightly and archived by project investigators. The investigators couple these
high-resolution and extensive data with manually collected field data (using a variety of
techniques) and data obtained from web-based surveys for research, education, and outreach.

The physical and data infrastructure and the strong partnership between service providers
and project investigators, which developed over many years, have led to the establishment of the
OSU Campus Transit Lab (CTL), a unique living lab that supports multiple internally and
externally funded activities (CTL, 2017). This project is devoted to continued general data
collection and targeted outreach, research, and educational activities designed to take advantage
of existing CTL infrastructure and to sustain and to expand the infrastructure.

1.2 Data Acquisition

The CTL investigators continued regular manual and automatic data collection to form
databases for present and future research, outreach, and educational activities. Figure 1.2-1 shows
the CABS system map for the academic year occurring during the timeframe of this project.



CABS

Campas,

2013-2014
SERVICE HOURS AND
FREQUENCIES

e

mEz
ER EAST RESIDENTIAL
m

_gjg Ve — i -
= Tt i = Wl A ! e
= e e BT S \° wmej T

= CEEEETIZEEITD

BV BUCKEYE VILLAGE

HOURS OF A WD Pw LaTEOU

FREQUENCY KEY

R’H‘ REAL TIME ARRIVAL
INFORMATION

FIGURE 1: The Ohio State University Campus Area Bus Service (CABS) route map for the
academic year 2013-2014

Using an onboard survey (OBS) procedure presented in McCord et al. (2010),
undergraduate and graduate students continued to board CABS buses to collect direct observations
of passenger origin-destination (OD) flows on four CABS routes. Table 1.2-1 summarizes the
numbers of bus trips and passengers sampled during this project to collect OD flow information.



TABLE 1.2-1: Summary of numbers of bus trips and passengers sampled using an OBS
procedure to collect OD flow information by academic term and route; CLS: Campus Loop
South, CLN: Campus Loop North, NE: North Express, CC: Central Connector, ER: East
Residential, MC: Medical Center

(a): Academic year 2012-2013

Autumn 2012 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 1,079 300 1,379 20 6 26
CLN 685 924 1,609 12 14 26
NE 585 652 1,237 10 14 24
CcC 314 197 511 8 8 16
SUM 2,663 2,073 4,736 50 42 92

Spring 2013 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 166 556 722 4 10 14
CLN 190 333 523 4 6 10
NE 251 633 884 6 12 18
CcC 226 499 725 6 14 20
SUM 833 2,021 2,854 20 42 62

Summer 2013 Academic Term

Passengers Trips

Route AM PM Sum AM PM Sum

CLS 66 - 66 4 - 4




Cumulative: Autumn 2012 Academic Term - Summer 2013 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 1,311 856 2,167 28 16 44
CLN 875 1,257 2,132 16 20 36
NE 836 1,285 2,121 16 26 42
Ccc 540 696 1,236 14 22 36
SUM 3,562 4,094 7,656 74 84 158
(b): Academic year 2013-201
Spring 2014 Academic Term
Passengers Trips
Route AM PM Sum AM PM Sum
CLS 3,062 321 3,383 48 4 52
CLN - 162 162 - 2 2
CcC 1,111 1,418 2,529 26 34 60
SUM 4,173 1,901 6,074 74 40 114




(c): Academic year 2014-2015

Autumn 2014 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 2,211 1,453 3,664 34 26 60
CLN 264 136 400 4 2 6
SUM 2,475 1,589 4,064 38 28 66
Spring 2015 Academic Term
Passengers Trips
Route AM PM Sum AM PM Sum
CLS 1,656 1,987 3,643 30 38 68
CLN 784 - 784 14 - 14
NE - 855 855 - 18 18
SUM 2,440 2,842 5,282 44 56 100
Summer 2015 Academic Term
Passengers Trips
Route AM PM Sum AM PM Sum
CLS 90 154 244 4 8 12
CLN 25 165 190 2 8 10
ER - 61 61 - 6 6
mMC - 229 495 - 10 28
SUM 115 609 990 6 32 56




Cumulative: Autumn 2014 Academic Term - Summer 2015 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 3,957 3,594 7,551 68 72 140
CLN 1,073 301 1,374 20 10 30
NE - 855 855 - 18 18
ER - 61 61 - 6 6
mMC - 229 495 - 10 28
SUM 5,030 5,040 10,336 88 116 222
(d): Academic year 2015-2016
Spring 2016 Academic Term
Passengers Trips
Route AM PM Sum AM PM Sum
CLS 3,066 103 3,169 52 2 54
CLN 493 3,203 3,696 8 50 58
ER 1,204 2,053 3,257 26 50 76
SUM 4,763 5,359 10,122 86 102 188
(e): Academic year 2016-2017
Autumn 2016 Academic Term
Passengers Trips
Route AM PM Sum AM PM Sum
CLS 3,246 - 3,246 66 - 66
CLN - 3,927 3,927 - 60 60
SUM 3,246 3,927 7,173 66 60 126




Spring 2017 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 2,328 - 2,328 44 - 44
CLN - 3,252 3,252 - 48 48
ER 435 772 1,207 14 20 34
SUM 2,763 4,024 6,787 58 68 126

Cumulative: Autumn 2016 Academic Term - Spring 2017 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 5,574 - 5,574 110 - 110
CLN - 7,179 7,179 - 108 108
ER 435 772 1,207 14 20 34
SUM 6,009 7,951 13,960 124 128 252

The direct OD flow data, as well as less quantitative observations made by data collectors
who were inserted into regular bus operations, are used to validate passenger OD estimation
methodologies, to provide information to CABS managers for service planning, design, and
operations, and to generate topics for research and outreach studies. During the timeframe of this
project, CTL investigators collected direct OD passenger flow observations and aggregated the
observations into matrices summarizing OD passenger flow probabilities by academic term, route,
and time-of-day period (morning or afternoon).

CTL investigators also collected new passenger OD flow related data previously not
collected as part of CTL. Specifically, a mobile device Wi-Fi signal scanner configured for a
different project was used on this project to collect mobile device Wi-Fi signal data during by
carrying the scanner on CABS buses while conducting the OBS. Table 1.2-2 summarizes the
number of bus trips and number of detected passengers where Wi-Fi signals have been collected
by route and time-of-day during Autumn 2013 and Spring 2014 semesters.
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TABLE 1.2-2: Summary of numbers of bus trips and passengers sampled using mobile
device Wi-Fi scanner during Autumn 2013 and Spring 2014 by route and time-of-day; CLS:
Campus Loop South, CC: Central Connector

Total # of Wi-Fi
Route Period # of bus detected
trips passengers
CLS 8—-10am 70 1,846
cC 3-5pm 24 450
cc 3-5pm 72 1,202
Totals 166 3,498

CTL investigators also continued to obtain and archive the APC and AVL data
automatically downloaded from the buses on a nightly basis. A summary of the numbers of bus
trips and passengers for which APC information was obtained is shown in Table 1.2-3. High
resolution AVL data were also collected for these six CABS routes on a total of approximately
71,000 bus trips.

TABLE 1.2-3: Summary of numbers of bus trips and passengers sampled to collect APC
and AVL data by academic term and route; CLS: Campus Loop South, CLN: Campus Loop
North, NE: North Express, ER: East Residential, BV: Buckeye Village, CC: Central Connector

(a): Academic year 2012-2013

Term Autumn 2012 Spring 2013
Route Trips Passengers Trips Passengers
CLN 6,292 338,898 5,545 306,470
CLS 6,260 315,889 5,398 299,769
NE 9,832 436,360 8,078 379,916
ER 6,102 269,708 5,344 277,619
BV 3,373 78,791 3,065 72,644
cC 4,505 113,986 3,498 119,986

(b): Academic year 2013-2014

Term Autumn 2013 Spring 2014
Route Trips Passengers Trips Passengers
CLN 6,089 351,744 6,374 357,339
CLS 5,943 295,996 5,892 302,996
NE 9,080 430,525 8,873 401,088
ER 6,072 293,460 6,128 327,106
BV 3,493 68,279 3,660 66,719
ccC 3,606 104,025 2,921 97,400
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(c): Academic year 2014-2015

Term Autumn 2014 Spring 2015
Route Trips Passengers Trips Passengers
CLN 7,728 419,005 7,487 420,471
CLS 7,617 389,294 7,601 407,820
NE - - 9,025 367,665
BV - - 3,644 74,474
(d): Academic year 2015-2016
Term Autumn 2015 Spring 2016
Route Trips Passengers Trips Passengers
CLN 7,689.00 | 384,955.00 | 7,981.00 | 409,609.00
CLS 7,542.00 | 363,432.00 | 7,890.00 | 392,707.00
NE 9,583.00 | 365,118.00 | 9,737.00 | 374,838.00
BV 3,498.00 | 69,868.00 | 3,442.00 | 73,662.00
ER 2,918.00 | 101,157.00 | 6,311.00 | 211,082.00
MC 3,999.00 | 89,132.00 | 5,854.00 | 134,189.00
(e): Academic year 2016-2017
Term Autumn 2016 Spring 2017
Route Trips Passengers Trips Passengers
CLN 6,902 356,040 6,419 336,207
CLS 6,897 354,149 6,425 344,171
NE 8,144 327,679 7,749 332,060
BV 3,427 71,960 3,415 70,709
ER 5,609 139,967 5,424 127,659
MC 5,782 141,133 5,825 149,014

Estimated OD flow matrices for various routes, terms, and time-of-day periods are
produced from these data as needed. The APC and AVL data are used for a variety of outreach
investigations that arise on a one-time basis. In addition, the data are processed on a regular basis
to support ongoing research and development investigations and course-based educational
activities. Investigations and activities conducted for this project are discussed in the following

sections.

1.3 Report Overview

This report documents the research, outreach, and educational activities conducted within
the context of the OSU CTL based on recently and previously manually and automatically
collected data. Section 2 details various outreach activities between the CTL investigators and
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TTM and CABS staff and managers and in one instance between the CTL investigators and
Washington Metro. This section also lists technical presentations, papers, and theses written as a
result of CTL activities. Section 3 summarizes the various research activities conducted in the CTL
within the scope of this project. The data collected and processed by CTL investigators are used
to support and develop modules, assignments, and exam questions for use in undergraduate and
graduate courses. These educational activities are described in Section 4. Finally, the outreach,
research, and educational activities are summarized in Section 5.

2. OUTREACH AND DISSEMINATION
2.1 Night Service Ridership on the East Residential Route

The East Residential bus route connects an off-campus, mostly residential neighborhood
east of the OSU campus to and from the main campus. It also serves a commercial area that
students often frequent for night-life activities. In spring 2013, there was discussion at the
university level related to cutting service on Friday and Saturday nights to save operating costs.
The question was whether the ridership to and from campus during the Friday and Saturday night
hours was too low to warrant continued service. Transportation and Traffic Management (TTM)
management asked us to provide ridership statistics on Friday and Saturday nights as quantitative
input to the policy assessment on the desirability of cutting the service. From our long-standing
relationship with TTM, TTM administrators were familiar with our ability to process APC data
collected on CABS buses. We used our already developed codes to determine ridership statistics
from our regularly collected APC data and provided summaries of these statistics to TTM for their
deliberations with the University. (The ultimate decision was to retain the weekend night service.)

2.2 Campus Planning

OSU administrators undertook a multi-year, long-range planning effort to determine
revised physical infrastructure, transportation services, and parking policy at the university.
Because of the recognition of the CTL outreach and research activities, the two project
investigators were asked to serve on a transportation group that met with the consultant on several
occasions to provide input and feedback to proposed ideas. The consultant became aware of our
ability to estimate bus passenger movements around campus from APC data, and we were asked
to provide bus route level passenger origin-destination (OD) flows for the major routes by
time-of-day period. We again used our already developed codes and regularly collected data to
produce these estimates, summarized the results in an easy-to-interpret format (multiple tabs in an
Excel document with “read me” text), and delivered the results to the consultant in January 2014.

2.3 CABS Ridership

The OSU CTL research team has acquired a long-standing experience processing raw APC
data collected on CABS buses. As a result, the team developed techniques to detect and errors in
the APC data and methods to correct for many of these errors rather than outright deleting records
where errors are suspected. Under certain conditions the APC errors, if left undetected and
uncorrected, result in gross misrepresentations of ridership volumes and patterns when the off-the-
shelf ridership software are used. On several occasions during this project, TTM and CABS staff
had difficulties with the commercial software it uses to produce ridership numbers and suspected
erroneous ridership reports based on their understanding of the travel patterns on campus. TTM
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staff asked our team to investigate the presence of errors. The result of this exercise lead to the
development of APC error detection and correction tools that could be ready applied to
independently produce ridership results. More specifically, we used are regularly collected APC
data to produce estimates of system ridership and of ridership by bus route and delivered these
estimates to TTM for their analysis, reporting, and presentation purposes. Beginning in summer
2016, we began using the regularly collected APC data to summarize boarding and alighting
volumes in a “pivot table” format. We designed the pivot tables so that the user could quickly
analyze boarding and alighting data by route, time-of-day, and stop. On a monthly basis, we
produced the tables and sent them to TTM, who found them useful for quickly conducting
spatial-temporal ridership investigations, which they could not readily do with their existing
commercial software and reports.

2.4 Campus Sustainability

In the summer of 2015, The Ohio State University’s President and Provost’s Council on
Sustainability formed a university-wide committee to develop goals to enhance its reputation as a
“world leader in developing durable solutions to the pressing challenges of sustainability and in
evolving a culture of sustainability through collaborative teaching, pioneering research,
comprehensive outreach, and innovative operations, practices, and policies.” Because of the
recognition of the CTL in developing innovative approaches to transit-based research, education,
and outreach, one of the project investigators was asked to be a member of the small group of
individuals, including the director of TTM, representing campus transportation when developing
“resource stewardship” goals. The goals established, which can be found at
https://www.osu.edu/assets/pdf/sustainability/sustainabilitygoals.pdf, were accepted by the
university in November 2015.

2.5 Campus Bike-sharing

The Transportation and Traffic Management (TTM) office that operates CABS on campus
was requested to take on the management of the operations of the bike-sharing service acquired
for the OSU campus more than two years ago. Given the success of the CTL in research, education,
and outreach, TTM and university leadership solicited the engagement of the CTL research team
to advise on matters that relate to the data management, storage, and sharing for the purpose of
supporting outreach activities and eventually research and education. Following data quality
concerns, the data management aspect of the effort was temporarily put on hold. The effort is now
continuing in the form of developing a blueprint for implementation.

2.6 Washington Metro Bus Ridership Reporting and OD Flow Estimation Documentation

Washington Metro uses the same APC technology and ridership reporting software used
for CABS. Comparing the ridership results the CTL team produced independently from raw CABS
APC data (see section 2.3 above) to those produced by the off-the-shelf reporting software led to
the identification of the limitations of the software. In light of Washington Metro’s bus transit
service planning and design team members suspecting similar problems with their ridership
reports, the CTL research team provided Washington Metro with the comparisons carried on for
CABS and the identified limitations of the off-the-shelf ridership reporting software to assist in
the troubleshooting the Washington Metro service planning and design staff were going through.
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In addition, Washington Metro service planning and design staff expressed specific interest

in inferring passenger OD flows on bus routes using APC data and asked to OSU CTL investigators
for information that could help them do so. We shared with them several of our extensive
publications on conducting such inferences. These publications report on studies that used CTL
data.

2.7 Presentations, Papers, and Theses

1.

10.

11.
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3. RESEARCH ACTIVITIES

3.1 Effect of Passenger Information on Perception of Transit Services

Information systems have become commonplace in public transportation agencies as a

means to improve level-of-service to riders. When well utilized, transit also plays a major role in
reducing roadway congestion and mitigating transportation’s negative impacts on the
environment, benefits that accrue to transit users and nonusers alike. Nonusers’ recognition of such
benefits can be important when agencies seek community support of transit initiatives, and it is
possible that state-of-the-art technologies enhance the progressive image of transit.
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In this research activity, we used data previously collected in a two-wave survey of OSU
community, which was designed to elicit users’ and nonusers’ perceptions of the influence of real-
time passenger information systems on dimensions associated with transit service (McCord et al.,
2009; Mishalani et al., 2011). The first wave was conducted before OSU’s Campus Area Bus
Service (CABS) implemented a state-of-the-art passenger information system. The second wave
was conducted approximately a year after this implementation.

Our results show statistically significant increases in the value CABS users ascribed to the
service provided and in their perceptions of personal safety while accessing and using transit
services after the implementation of the information system. The results also show statistically
significant increases in both users’ and nonusers’ perceptions of the positive contribution CABS
makes towards mitigating negative environmental impacts and decreasing congestion.
Furthermore, those who noticed the recently implemented real-time information system had more
positive attitudes toward these dimensions, and the effect of the information system on the
perceptions was as great or greater for those who did not use the bus service as it was for those
who used the service. We also found interesting, statistically significant associations with
socioeconomic variables — such as gender, whether an individual is a current or past user of other
metropolitan transit systems, and university affiliation (student, faculty, and staff). Details of the
study can be found in Ettefagh (2013) and McCord et al., (2015).

We hypothesize that these results, especially if confirmed in other studies, could motivate
transit agencies to promote environmental and traffic reduction benefits of transit to gain public
support of nonusers for transit subsidies and to market high-tech and progressive investments to
increase support among nonusers.

3.2 Effect of Weather on Transit Short Trips

We used bus passenger route-level origin-destination (OD) flows estimated from the
regularly collected CABS APC data and the modifications of the Iterative Proportional Fitting
(IPF) method we previously developed — see for example Mishalani et al. (2011) — to investigate
the factors affecting the demand for intra-campus passenger bus trips on the OSU campus. We
considered proportions of intra-campus trips to serve as a proxy for proportions of short trips,
where the traveler can choose between making the trip bus or by walking.

Our results show statistically significant effects of temperature and precipitation on the
proportion of bus passenger trips that are intra-campus trips. Very low or very high temperatures
are associated with increased intra-campus passenger travel. It is found that the 60°F to 80°F
temperature range was associated with lowest intra-campus bus travel. The assumption is that a
significant proportion of travelers were substituting walking for the bus mode in this temperature
interval. A higher proportion of intra-campus trips are also observed when there was noticeable
precipitation. Details of the study can be found in Hertler (2013).

3.3 Effect of a Base Matrix on OD Flow Estimates Using APC Data

In this study, we propose a method to estimate transit route passenger OD flow matrices
for time-of-day periods based on OD flow information derived from labor-intensive onboard
surveys and the large quantities of APC data. The computational feasibility of the proposed method
is established and its accuracy is empirically evaluated using differences between the estimated
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OD flows and ground-truth observations on an operational bus route. To interpret the empirical
differences from the ground-truth estimates, differences are also computed when using the state-
of-the-practice Iterative Proportional Fitting (IPF) method to estimate the OD flows.

Our empirical results show that when using sufficient quantities of boarding and alighting
data that can be readily obtained from APC-equipped buses, the estimates determined by the
proposed method are better than those determined by the IPF method when no or a small sample
sized onboard OD flow survey dataset is available and of similar quality to those determined by
the IPF method when a large sample sized onboard OD flow survey dataset is available. Therefore,
the proposed method offers the opportunity to forgo conducting costly onboard surveys for the
purpose of OD flow estimation.

3.4 Using Mobile Device Wi-Fi Signals to Determine Passenger OD Flows

We have successfully used APC data to estimate route-level bus passenger origin-
destination flows in both research and outreach efforts. We also introduced the simple techniques
for doing so in undergraduate courses. The increasing use of personal mobile devices and the
corresponding reliance on Wi-Fi communications in public spaces motivated us to investigate the
potential of using detected anonymous Wi-Fi signals from mobile devices carried by transit
passengers to extract bus passenger OD movements. We configured an off-the-shelf device
designed for detecting Bluetooth and Wi-Fi signals in a stationary setting for mobile use. To
process the Wi-Fi signal data into OD passenger movements, we developed a set of rules to (i)
distinguish between signals emitted from devices accompanying passengers on the bus and signals
emitted from devices in the vicinity of, but not on the bus; (ii) then to determine boarding and
alighting stops for the passengers whose devices are determined to be on the bus.

We conducted an empirical study using the CTL infrastructure to evaluate our hardware
configuration and rules and to assess the value of using the detected Wi-Fi signals to estimate
passenger OD flows. Specifically, we carried the device on bus trips where we collected directly
observed OD flows and APC data (see Section 1.2). The directly observed OD flows were used as
ground truth, while the APC data were used to estimate OD flows with the methods we have been
developing and using and by amending these methods to include the information obtained from
processing the Wi-Fi data when estimating OD flows. Our empirical results show that the OD
flows determined directly from the Wi-Fi data for a specific bus trip do not correspond well to the
ground-truth flows, in part because of being able to estimate the “Wi-Fi flows” for only a sample
of the passengers. However, the results demonstrate improvements in estimation accuracy when
using Wi-Fi signal data to estimate average OD flows across multiple bus trips for a time-of-day
period, especially when used in conjunction with APC data. Details of the study can be found in
Mishalani et al. (2016).

3.5 Investigating the Stated Preferences for Real-time Employer-based Ridesharing
Considering Personal and Travel

By expanding the travel choice set for many individuals, ridesharing has the potential to
improve mobility and accessibility appreciably. The increased multi-traveler auto occupancy that
would result can also reduce congestion, travel costs, energy consumption, and vehicle emissions.
Real-time ridesharing takes advantage of advances in information and social media technologies
to facilitate the matching of prospective travelers shortly before the commencement of trips.
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Employer-based programs further increase the potential for successful large-scale ridesharing
implementations by increasing the chances of viable matches and addressing “stranger danger”
concerns.

In this study, we analyzed data from a stated-preference survey of The Ohio State
University community, one of the largest university campus communities in the US, to identify
individual willingness to participate in a real-time, employer-based ridesharing program under
ideal conditions. We estimated a binary discrete choice model to investigate willingness to
participate as a function of numerous personal and travel characteristics. In addition to supporting
present understanding of ridesharing preferences, results indicate that private automobile travelers
(whether in single occupancy or shared form) are more willing to participate in ridesharing than
those who use the transit or bicycle modes for their commutes. This result is encouraging, since
ridesharing is more likely to lead to societal benefits if it attracts single occupancy automobile than
transit and bicycle travelers. Details of the study can be found in Shay (2016).

3.6 Evaluating the Use of OD Flows Determined from APC and AFC Data to Correct
Sample and Response Biases in Transit Onboard Survey Results

Transit agencies collect large-scale onboard surveys of passengers’ socioeconomic and
travel (SE&T) characteristics on an infrequent but regular basis (approximately every five years).
The surveys are subject to sample and response biases. Independently conducted passenger stop-
to-stop origin-destination (OD) surveys can be used to correct for some of the biases, but such
surveys are costly, intrusive, and time-consuming. Information in the OD survey can be estimated
using data already being collected from Automatic Passenger Count (APC) and Automatic Fare
Collection (AFC) systems and conceivably used to correct the SE&T characteristics for sample
and response biases.

We conducted a large-scale empirical study to investigate the sensitivity of the adjusted
SE&T characteristics to different data sources used to determine or estimate the OD flows and
evaluate the use of APC and AFC for correcting some of the biases in the SE&T characteristics.
The results indicate that OD survey data collected at typical sample sizes offer no systematic
improvement for adjusting SE&T characteristics compared to OD flow matrices estimated from
readily available APC and AFC data. Details of the study can be found in Mishalani and McCord
(2016).

3.7 Investigating Sampling Biases in Transit Onboard Surveys and Associated Impacts on
Resulting Passenger Socioeconomic and Travel Characteristics

Conducting transit onboard surveys is a primary way that transit agencies and metropolitan
planning organizations (MPOs) gather data on transit user socioeconomic and travel (SE&T)
characteristics. These surveys are known to suffer from a variety of possible sampling and response
biases. This study investigates two possible causes of sampling biases: those resulting from
passenger making short trips who, as a result, do not have sufficient time to complete an interview
or questionnaire, and those resulting from a mismatch between the number of surveyors and the
passenger boarding volumes.

We conducted a large-scale empirical study to investigate the presence of these biases. The
results indicate that the short-trip bias remains present despite efforts to mitigate it while the bias
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associated with surveyor workload is mitigated. Furthermore, the presence of short-trip bias
appears to vary by route and time-of-day. Finally, short trips are found to be associated with
travelers who are making shopping trips, of low income, who are non-white, or who are transit
dependent, whereby such travelers are more likely to be under-represented by onboard surveys.

3.8 Transit Route-level Passenger Alighting Probability, Probability OD Flow and
Expected OD Flow Matrices: Estimates from Boarding and Alighting Counts and
Relationships among the Representations

This study proposes a general formulation for estimating bus transit route-level OD flow
matrices based on passenger boarding and alighting counts. Route-level OD flow matrices are
often expressed in three representations: Alighting Probability (AP) matrix, Probability OD (POD)
flow matrix, and Expected OD (EOD) flow volume matrix. Variants of the proposed formulation
are derived when estimating the AP, POD, and EOD matrices. The derivation reveals the
underlying relationship between the three representations.

We conducted a numerical study on an operational bus route to confirm and demonstrate
the findings. For congested bus routes, estimating the AP matrix is desirable since the POD matrix
is not stable across bus trips and, therefore, the estimated POD matrix would not be representative
of the underlying passenger travel pattern on a typical bus trip. For routes where congestion is not
common, estimating the POD matrix is desirable since it is more informative than the AP matrix
in describing the underlying passenger travel pattern. In addition, on routes where the bus trip-
level total demand and the POD vary in tandem by time-of-day, estimating the EOD matrix is
desirable since the EOD matrix is more informative than the POD matrix. Otherwise, it is more
meaningful to estimate the POD matrix and the expected bus trip-level total demand separately.

3.9 Air Quality Monitoring from Transit Buses

In a previous project, we began developing and testing a physical infrastructure for
obtaining air quality readings from a suite of inexpensive sensors that is packaged and mounted
on transit buses that serve as mobile sensor platforms. The mobile nature of the bus-based
platforms would allow a novel means of obtaining air quality in urban regions at spatial resolutions
that are presently not available with fixed location sensors. The repeated coverage of the same
roadways by transit buses would allow many repeated, independent sample readings that can be
combined to obtain good estimates of average pollutant concentration. Our plan was to
demonstrate the feasibility of this approach using the CTL infrastructure as motivation for wider
scale development and testing. In the previous project, we developed the sensor suite; conducted
first-cut testing of data collection using a private automobile, rather than a bus, as the mobile
platform; began developing data analysis techniques; worked with OSU TTM to plan for
mounting the sensor package on the bus; and mounted the package on a bus and collected
preliminary data.

Because of the use of the CTL infrastructure — physical buses, operational bus routes —
when the previous project ended we subsumed data collection and analysis tasks in this project
devoted to exploiting the CTL for innovative research, outreach, and education. In tis project, we

e Collected additional data with the existing sensor package on one CABS bus.
e Redesigned the sensor suite and packaging to be more resistant to precipitation.
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e Planned for deployment on buses and an additional bus type, which required redesigning the
way in which the packaging would be mounted on the different bus type.

e Made contacts with the Byrd Polar and Climate Research Center at OSU, who had previously
been inspired and influenced by this project to collect temperature readings from a different
CABS bus used to collect our data and who could be beneficial in helping us find sustained
support.

e Discussed progress and logistics with TTM, who has been supportive of helping us find ways
to continue this effort.

e Continued data analysis, where we are now obtaining results that support the validity of our
readings and are beginning to indicate systematic spatial patterns in pollutant concentrations.

3.10 Traffic Sensing from Transit Buses

Similar to the Air Quality research activity reported in Section 3.9, this research activity is
the continuation of an activity begun in another project. In this activity, we are attempting to
demonstrate the ability to obtain meaningful traffic flow estimates from video data obtained from
transit buses in regular operation. Since video cameras are increasingly being installed on transit
buses for security and liability purposes, we believe one could take advantage of the existing data
to estimate traffic flows using the modification of the “moving observer method” we previously
developed. As with the Air Quality research activity, using transit buses as the mobile platform
from which the data are collected is attractive because the public nature of the agency should make
it institutionally easier to access data in practice and because the repeated, systematic coverage of
the same roadways should lead to good sampling properties.

We previously investigated the feasibility of estimating traffic flows from a mobile
platform by using LiDAR and video data obtained from sensors mounted on a van that we
repeatedly drove on routes that emulated existing bus routes and from observations manually
obtained from data collectors riding CABS buses. In this project, we:

e Worked with TTM to ensure that the camera specifications they developed to satisfy their
operational needs would also satisfy our research needs.

e Obtained trial video sets from eight video cameras on one bus after the cameras were installed
on the buses in summer 2017.

e Modified software we previously developed to semi-automatically record traffic observations
in the video.

e Tested the software on the trial video provided.

We consider that the results of these tasks to be successful in taking steps toward developing the
institutional and software components that will allow us to investigate the ability to provide
meaningful traffic flow estimates from existing bus-based video in an externally funded project
we have secured.

3.11 Preliminary Analyses of Data on Requests for Real-time Transit Information Made
through a Mobile App

A preliminary analyses of data on request for real-time CABS bus locations or arrival time
to stops information made through OSU’s mobile app was carried out. This analysis is based on a
limited dataset consisting of a 15-minute period that include the following fields for each
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information request: IP address of the mobile smart devise (phone or tablet) from which a request
is made, the latitude and longitude of the devise at the time of the request, and the timestamp at
the time of the request. The location information was associated with the bus stops on the CABS
network and in turn to historic passenger boarding volumes at these stops. While the sample size
is too small to arrive at generalizable results of the analyses, the results do show the promise of
investigating such data. For example, such data may reveal the passenger arrival patterns at stops
and how such patters may depend on the bus service frequencies. The data may also indicate the
conditions under which real-time information is of greater or lesser interest to prospective
passengers.

4. EDUCATIONAL ACTIVITIES

We continued to take advantage of the underlying physical and institutional infrastructure
of the transit living laboratory and of the automatically and manually collected data on CABS to
support the incorporation of transit-related educational activities in the following classes taught by
project investigators.

e CIVILEN 3700 Transportation Engineering and Analysis: Undergraduate Civil Engineering
students must choose six “select core” courses from a set of eight courses, which includes
CIVILEN 3700. Typically, 150-200 students per year take this course. Some undergraduate
students take additional transportation courses after CIVILEN 3700, but this is the only
transportation course taken by the majority of the students. A module on scheduled transit
services is included, where the Campus Transit Lab (CTL) is highlighted. We recently added
a module on sustainability in transportation related applications that focuses on CTL
applications in an attempt to provide readily interpretable examples. Assignments involve the
processing of APC and AVL data automatically collected as part of the CTL and a manual data
collection exercise, as well as the interpretation of the processed and manually collected data.
A final exam question, which the students prepare in advance, asks them to choose the section
in the class they liked the best and describe why they chose that section. The section associated
with CTL is the section most often cited, and the ability to analyse a system that is familiar and
with which they are engaged is a common reason the students give for citing this section.

e CIVILEN 5720 Transportation Engineering Data Collection Studies: This course is typically
taken by 15-25 students per year and is comprised of undergraduate and graduate Civil
Engineering students and graduate City and Regional Planning students. It is a required course
in the Dual Civil Engineering — City and Regional Planning M.S. Program in Urban
Transportation Planning. We introduced a module on estimating traffic flows from a modified
moving observer method we developed with the vision of collecting data from transit buses.
We include an assignment where students board CABS buses to collect traffic data and process
the data to produce traffic flow estimates.

e CIVILEN 5770 Urban Public Transportation: Like CIVILEN 5720, CIVILEN 5770 is a
required course in the Dual Civil Engineering — City and Regional Planning M.S. Program in
Urban Transportation Planning and is taken by undergraduate and graduate Civil Engineering
students and graduate City and Regional Planning students. It is a required course in the Dual
Civil Engineering — City and Regional Planning M.S. Program in Urban Transportation
Planning. Typically, more than 30 students take this course in a year. A major course
requirement consists of a semester long project based on CTL carried out in teams of three to
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four students. Students collect field data on CABS vehicle and passenger movements and use
these data along with CTL’s automatically collected APC and AVL data to analyse and model
various aspects of the supply of and demand for service. Based on the results, students
comment on performance and make recommendations to the operators of CABS.

e CIVILEN 7730 Urban Transportation Forecasting: This course is offered once every two
years. Like CIVILEN 5720 and 5770, it is a required course in the Dual Civil Engineering —
City and Regional Planning M.S. Program in Urban Transportation Planning. It is not open to
undergraduate students. Over the duration of this project, approximately 10 students have taken
the course on average. Students conduct a term project, which is generally presented to others
in the class. Approximately one quarter of the students use data from the Campus Transit Lab
in their project.

o Individual Studies: Several students undertook independent studies for credit that relied on
automatically collected CTL data or data they manually collected as part of their independent
study course and on methods we developed to process the data into estimates of vehicle or
passenger movements. In addition, CTL infrastructure and data formed the basis of a summer-
long study of one Summer Research Opportunities Program (http://www.btaa.org/resources-
for/students/srop/introduction) student. Furthermore, one student in the Dual Civil Engineering
— City and Regional Planning M.S. Program in Urban Transportation Planning conducted his
required “practicum” course — consisting of an internship at a transportation agency or
company and regular academic reporting on the experience to the course instructor —at OSU’s
TTM, where he provided an interface between CTL activities and TTM needs.

o Theses and Reports: Seven students completed theses or extended M.S. project reports based
on CTL applications, one Ph.D. student completed a dissertation based on CTL AVL data, two
Ph.D. students and two M.S. students are targeting theses that use CTL infrastructure and data.

5. SUMMARY

This report documents the activities conducted within the Campus Transit Lab (CTL) at
The Ohio State University for the purposes of research, education, and outreach from Spring 2012
through Autumn 2017. CTL investigators utilized automatically and manually collected data from
CABS to support these goals. CTL investigators conducted outreach with CABS to assess night
service ridership, support campus planning efforts, fill in and correct ridership reports produced
by off-the-shelf software, support campus sustainability policy efforts, advise on the management
of the data for a new campus bike-sharing service, provide lessons learned regarding ridership
reporting from APC data to Washington Metro, and share extensive documentation of inferring
OD flows from APC data with Washington Metro.

Regarding research, data collected in the CTL were used to investigate the effect of
passenger information on perception of transit services; effect of weather on transit short trips;
effect of a base matrix on OD flow estimates using APC data; use of mobile device Wi-Fi signals
to determine passenger OD flows; stated preferences for real-time employer-based ridesharing
considering personal and travel characteristics; use of OD flows determined from APC and AFC
data to correct sample and response biases in transit onboard survey results; sampling biases in
transit onboard surveys and associated impacts on resulting passenger socioeconomic and travel
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characteristics; relationships among transit route-level passenger alighting probability, probability
OD flow, and expected OD flow matrices; air quality monitoring from transit buses; traffic sensing
from transit buses; and use of data on requests for real-time transit information made through the
use of a mobile app.

CTL data and infrastructure continued to be used in undergraduate and graduate courses

through class lectures, assignments, data collection exercises, and exam questions.
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