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1 Introduction

1.1 Background

Increased use of public transportation is an effective means of decreasing roadway congestion and
its associated externalities. To increase the use of public transportation under economic and 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 planning and operations
functions. Analyzing and interpreting in situ 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 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
data 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. 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 data bases
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

Using the 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.

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 system planning 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
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passenger flow probabilities by academic term (quarter), route, and time-of-day period (morning or
afternoon). OD matrices based on route, term, and period can be found in Appendix A.
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Figure 1.2-1: Ohio State University Campus Area Bus Service (CABS) route map operated in academic
year 2011-2012



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

Autumn 2011 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 738 583 1321 16 12 28
CLN 436 388 824 8 10 18
NE 68 206 274 2 4 6
cC 366 394 760 14 12 26
Sum 1608 1571 3179 40 38 78

Winter 2012 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 354 346 700 6 6 12
CLN 361 610 971 6 12 18
NE 182 162 344 4 4 8
CC 447 489 936 12 14 26
Sum 1344 1607 2951 28 36 64

Spring 2012 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 247 473 720 4 10 14
CLN 312 514 826 6 12 18
NE 224 522 746 6 14 20
CC 0 98 98 0 4 4
Sum 783 1607 2390 16 40 56

Cumulative: Autumn 2011 Academic Term - Spring 2012 Academic Term

Passengers Trips
Route AM PM Sum AM PM Sum
CLS 1339 1402 2741 26 28 54
CLN 1109 1512 2621 20 34 54
NE 474 890 1364 12 22 34
CC 813 981 1794 26 30 56
Sum 3735 4785 8520 84 114 198




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 1.2-2. High resolution AVL data were also
collected for these six CABS routes on a total of approximately 71,000 bus trips.

Table 1.2-2: Summary of numbers of bus trips and passengers sampled to collect OD
information by academic term and route; CLS: Campus Loop South, CLN: Campus Loop North, NE:
North Express, ER: East Residential, CC: Central Connector, BV: Buckeye Village

Term Autumn 2011 Winter 2012 Spring 2012
Route Trips Passengers Trips Passengers Trips Passengers
CLS 4659 189053 3829 171019 4327 164052
CLN 4615 196485 3803 182973 3168 140497
NE 7388 222795 6234 226794 7316 232834
ER 4063 131046 4044 152726 4332 148218
CcC 2798 62144 2687 88858 3109 73932
BV -- -- 2338 49742 2342 36309

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 CABS managers. This
section also lists technical presentations and papers produced 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 and
findings are summarized in Section 5.



2 Outreach and dissemination

2.1 Bus headway monitoring and inter-route headway performance

Maintaining regular bus headways is an important factor in providing reliable bus service. CTL
investigators produced summaries of CABS headway distributions by bus route, stop, and time-of-day in
order to monitor the operation and performance of the CABS bus service. These summaries quantified
the deviation of actual bus headways from the design values for different numbers of buses running on
the route. Figure 2.1-1 shows the proportion of headways within a certain threshold of the scheduled
headway for the Campus Loop North route during the Spring 2011 academic term with four buses
running. The extent of the actual deviations from the designed headways across multiple routes and
periods was previously unknown to the CABS service manager. At the time, CABS included schedule
adherence as one of the metrics for which their drivers were evaluated. Based on the bus headway
monitoring conducted by CTL investigators, CABS revisited its policy for using schedule adherence as an
evaluation metric and began considering the importance of maintaining regular headways to service
reliability.

CLN SP11 proportions for headway within 8tb mins when 4 buses running
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Figure 2.1-1: Proportions of actual headways within thresholds (+/- b minutes) of scheduled headways
by stop for Campus Loop North (CLN) route in Spring 2011 academic term

There are multiple segments in the CABS system where routes overlap and serve the same stops.
CTL investigators developed algorithms and corresponding codes to produce distributions of headways



between consecutive buses on the same or different routes. Distributions were produced, and
preliminary analysis was conducted.

2.2 Additional scheduling of CC route

In the Autumn 2010 academic term, a new circulator route, Central Connector (CC), was introduced
on campus. CTL investigators developed a schedule for the new route based on a linear programming
formulation and conveyed these results to CABS (Mishalani et al, 2011). Following the introduction of
CC, CTL investigators continued to monitor the conditions of the inter-route headways between CC and
other routes serving shared route segments. Previously, CABS decided to forsake perfectly regular
headways determined by CTL investigators in favor of less regular headways because of the resulting
increased cycle-times imposed by the perfectly regular headways. Consequently, CTL investigators
produced preliminary schedules incorporating the new CC route with even and uneven headways.

2.3 Web-based survey of transit perceptions and attitudes

Previously, a two-wave survey of the OSU community was conducted to assess possible changes in
transit perceptions and attitudes resulting from the implementation of an advanced passenger
information system on the CABS system (Mishalani et al, 2011). Several aspects deemed pertinent and
otherwise unavailable to CABS for planning and operations had been communicated in writing and in
person to CABS managements and staff (McCord et al, 2014).

During the timeframe of this project, additional pertinent and otherwise unavailable aspects were
communicated to CABS management and staff. These aspects focused on the effects of the introduction
of the real-time passenger information system, as indicated by differences in Wave 1 and Wave 2
responses. These differences were first identified in the research activities, the results of which are
presented in Section 3.1, and then communicated to CABS.

2.4 Papers and presentations at conferences

During the timeframe of this project, additional dissemination of important activities and results was
accomplished through papers and presentations at technical conferences. The following papers were
published:

e Ji, Y., Mishalani, R. G., McCord, M. R., & Goel, P. K. (2011). Identifying homogeneous periods for bus
route origin-destination passenger flow patterns based on automatic passenger count data.
Transportation Research Record, No. 2216, pp. 42-50.



e Mishalani, R. G., Ji, Y., & McCord, M. R. (2011). Empirical evaluation of the effect of onboard survey
sample size on transit bus route passenger OD flow matrix estimation using APC data.
Transportation Research Record, No.2246, pp.64-73.

The following technical presentations were also given:

e Ji, Y., Mishalani, R. G., & McCord, M. R. (2012, January). Empirical evaluation of alternative transit
route-level passenger origin-destination flow estimation methods. Transportation Research Board
Annual Meeting, Washington, DC.

e McCord, M. R., Mishalani, R. G., & Ji, Y. (2011, August). Estimating bus transit passenger OD flows for
a homogeneous time-of-day period using APC data. INFORMS Midwestern Conference, Columbus,
OH.

e McCord, M. R., Mishalani, R. G., & Hu, X. (2012, January). Bus stop grouping for aggregation of
route-level passenger origin-destination flow matrices. Transportation Research Board Annual
Meeting, Washington, DC.

e McCord, M.R. and Mishalani, R.G. (2012, April). Presentation to Xerox Research at The Ohio State
University, Columbus, OH:

o “Campus Transit Lab (CTL): Select Research Activities”
o “Overview of Campus Transit Lab (CTL) at The Ohio State University”

e McCord, M.R., Mishalani, R.G. (2012, April). Presentation to Allan Johnson (alumnus and donor) at
The Ohio State University, Columbus, OH:

o “Campus Transit Lab (CTL): Research, Education, and Outreach Activities”
o “Overview of Campus Transit Lab (CTL) at The Ohio State University”

e Mishalani, R. G., McCord, M. R., & Ji, Y. (2011, October). Empirical investigations of bus passenger
origin-destination estimation using APC data. Ohio Transportation Engineering Conference,
Columbus, OH.

e Mishalani, R.G., McCord, M.R., Goel, P.K. (2013, April). Presentation in conjunction with EU COST
Action site visit at The Ohio State University, Columbus, OH:

o “Campus Transit Lab (CTL): Research, Education, and Outreach Activities”
o “Overview of Campus Transit Lab (CTL) at The Ohio State University”

3 Research activities

3.1 Web-based survey of transit perceptions and attitudes

Previously, a two-wave web-based survey was conducted to assess transit perceptions and attitudes
of the OSU community before and after the introduction of a real-time information system called TRIP
(Mishalani et al, 2011). Cross-tabulations of the responses obtained in the two waves were constructed
to allow comparisons of perceptions of the value, safety, and environmental contribution of CABS
before and after the introduction of TRIP. The results from the cross-tabulation analyses indicated a
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positive association between the introduction of TRIP and increased users’ perception of the value of
CABS. The introduction of TRIP was also positively associated with increased traveler perceptions of
safety, both when walking to and waiting at stops. The positive association between the introduction of
TRIP and increased perception of safety was greater for females than males. In addition, the
introduction of TRIP was positively associated with increased perceptions, of both users and nonusers,
of CABS’s contribution to a green campus. Furthermore, the introduction of TRIP was positively
associated with increased perceptions, of both users and nonusers, of CABS’s contribution to a
reduction in traffic congestion on campus. The results motivated further statistical modeling as part of
future research.

3.2 Weather-related effects on intra-campus bus passenger flows

Based upon observations made during manual data collection and on anecdotal experience, there
appeared to be an increase in the proportion of CABS passengers who took short bus trips within the
main campus area during cold or rainy weather. Historic temperature and precipitation data were
gathered from an independent source and paired with CTL OD flow data to investigate the hypothesized
weather effect quantitatively. Multiple plots were produced and analyzed to assess if there appeared to
be an effect on the volume and proportion of intra-campus passenger trips. A plot of temperature and
percentage of intra-campus trips by day is shown in Figure 3.2-1. The results of this preliminary study
indicated that weather-related variables have a strong effect on the relative attractiveness of taking the
bus for short, intra-campus passenger trips, which motivated statistical modeling and inclusion of
additional variables in further research.
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Figure 3.2-1: Average number of intra-campus passengers per bus trip and average temperature
as a function of week in the term for various CABS routes



3.3 Route choice model

There are a number of route segments on the OSU campus where multiple CABS bus routes operate.
A binary logit model was estimated to model choice between competing routes as a function of travel
time and direction of route (through the “academic core” of campus or through south campus). Both
travel time and the dummy variable related to travel through the academic core of campus were found
to be significant with respect to route choice. The statistically significant preference for passing through
the academic core of the campus is hypothesized to be associated with landmarks or familiarity of
geographic areas.

3.4 Evaluation of IPF-IB and HEM estimation methods

For another project, CTL investigators developed two methods — a Heuristic Expectation
Maximization (HEM) method and an lterative Proportional Fitting with Iterative Base (IPF-IB) method —
for improved estimation of route-level OD flows. Preliminary results had indicated the promise of these
methods when used with large quantities of APC data (McCord et al, 2014). Additional CTL data were
used to strengthen these conclusions with more systematic analyses.

4 Educational activities

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

Previously (Mishalani et al, 2011), a lecture was introduced in the Autumn Quarter 2010 offering of
Civil/Environmental Engineering 540: Civil and Environmental Engineering Systems on the linear
programming-based bus scheduling approach previously developed as part of an outreach effort for
CABS decision makers. (Civil /Environmental Engineering 540 was a course required of all Civil
Engineering and Environmental Engineering undergraduate students.) The lecture was designed to
illustrate a practical application of linear programming, which was a major methodological component
of the course, and to present the application and empirical results in what was intended to be an
understandable context for the students. In the Autumn Quarter 2011 offering (during the timeframe of
this project), the course presentation was refined and expanded. A presentation was added on the
empirical CTL AVL data used as input to a scaled-down version of the scheduling problem that retained
the important elements of the larger problem used in the previous outreach efforts and on the linear
programming output of this version of the problem. An exam problem related to this presentation was
also included. The exam problem appears in Appendix B.



In the Winter 2012 offering of Civil Engineering 570: Transportation Engineering and Analysis, a
large transportation course required of all Civil Engineering undergraduate students, a module
containing material on the CTL setting, on OD passenger flow estimation from APC data, and on bus
travel time and dwell time determination from AVL data was presented. An assignment using empirical
CTL APC and AVL data was again distributed and included in an associated exam problem. The
assignment and exam problem appear in Appendix B.

Previously, in Winter Quarter 2010, the CTL was introduced to students in Civil Engineering 670:
Urban Public Transportation through an extended project that utilized field observations and forecasted
bus trip arrival times (Mishalani et al, 2011). This project was refined in Winter Quarter 2011 to include
an activity where students compared directly observed boarding and alighting counts and bus trip arrival
times at bus stops to CTL APC and AVL data. During this project, students were also introduced to the CC
route for the first time. (McCord et al, 2014). This project was once again used for this course in Winter
Quarter 2012. The project parts | (data collection) and Il (analysis) appear in Appendix B.

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. CTL investigators utilized
automatically and manually collected data from CABS to support these goals. CTL investigators
conducted outreach with CABS to assess the headways of buses on campus and evaluate the operation
of a new circulator route based on different conditions. CTL investigators continued to analyze the
results of a two-wave web-based survey to assess changes in transit attitudes and perceptions.

Data collected in the CTL were used to investigate the effect of familiar geographic areas on the
choice of competing bus routes. Continued evaluation was conducted on two OD estimation methods
developed to take advantage of the large quantities of boarding and alighting data collected with the
regular use of APC technologies. The effect of weather related variable on bus ridership was also
investigated.

CTL data and infrastructure continued to be used in undergraduate and graduate courses through
class lectures, assignments, and exam questions.
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7 Appendices

Appendix A: Probability OD flow matrices obtained from directly observed OD flows

Table A.1: CLS Autumn 2011 Academic Term, AM Period: 16 Trips, 738 Total Passengers

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2 21 2 23 24

1 0.00% | 0.00% | 0.00% | 027% | 0.00% | 0.00% | 0.14% | 0.00% | 0.14% | 0.00% | 055% | 0.14% | 0.27% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 1.51%
2 0.00% | 0.00% 137%
3 0.14% 12.74%
4 17.95%
5 0.68%
6 2.05%
7 342%
8 2.74%
9 0.27%
10 0.27%
1 192%
12 6.44%
13 8.77%
14 3.01%
15 17.12%
16 6.16%
17 3.84%
18 8.22%
19 0.82%
2 0.68%
21 0.00%
2 | 000%
23 0.00%
Y] 0.00%

000%  000% 000% 0.14% 000% 301% 164% 329%  877% 2.05%  219%  438%  836% 096% 9.04% 1397% 521% 1041%  0.55% 100.00%

Table A.2: CLS Autumn 2011 Academic Term, PM Period: 12 Trips, 388 Total Passengers
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 4

1 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 000% | 050% | 0.00% | 0.00% [ 066% | 0.17% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% [ 0.00% [ 133%
2 0.00% | 017% | 0.17% [ 0.00% | 0.00% | 0.00% | 0.00% [ 0.17% | 0.17% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.17% [ 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.83%
3 0.00% | 0.17% | 017% [ 1.00% | 0.00% | 0.00% | 0.17% | 1.00% | 0.00% | 033% | 0.50% [ 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 332%
4 0.00% | 0.33% | 066% | 0.00% [ 0.17% | 033% | 050% | 0.00% | 0.33% | 0.17% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 2.66%
5 0.00% | 0.00% | 0.00% [ 050% | 0.17% | 0.17% | 0.00% [ 0.00% | 0.17% | 0.00% | 017% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 1.50%
6 0.00% | 017% | 033% | 133% | 1.83% | 083% | 150% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 7.14%
7 0.00% | 0.00% | 0.66% | 033% | 0.00% | 033% | 0.00% [ 000% [ 0.00% | 0.00% | 0.00% | 000% [ 0.00% | 0.00% | 0.00% | 1.99%
8 0.00% | 1.50% | 0.00% | 083% [ 1.83% | 0.00% | 1.00% | 0.00% [ 0.00% | 0.17% | 0.00% [ 0.00% | 0.00% | 0.00% | 532%
9 000% | 033% | 017% [ 033% | 050% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% [ 000% | 0.00% | 133%
10 0.00% | 0.00% | 033% [ 0.17% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.17% | 0.00% [ 0.00% | 0.00% | 0.66%
11 0.00% | 050% | 0.33% | 000% [ 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.83%
12 133% | 150% | 050% | 0.00% [ 017% | 017% | 033% | 0.33% [ 000% | 0.17% | 4.49%
13 183% | 449% | 183% | 083% | 033% | 0.66% | 050% | 050% | 1.16% | 0.33% | 12.46%
14 0.00% | 0.83% | 083% [ 133% | 033% | 0.17% | 0.00% [ 0.00% | 0.17% | 0.33% | 39%
15 150% | 150% | 1.99% | 083% | 133% | 3.32% | 017% | 249% | 166% | 14.78%
16 033% | 0.66% | 0.66% | 033% | 166% | 0.83% | 4.15% | 233% [ 10.96%
17 0.66% | 1.33% | 2.16% | 166% [ 033% | 2.82% | 166% [ 10.63%
18 050% | 0.83% | 349% [ 050% | 432% | 2.33% | 11.96%
19 0.17% | 0.66% | 0.00% [ 0.66% | 0.50% | 1.99%
20 1.00% | 0.00% 1.66%
2 0.17% 0.17%
2 0.00%
23 0.00%
4 0.00%

000%  000% 000% 000% 000% 033% 08% 216% 216% 017%  100%  498%  449%  183%  864% 1013% 598%  581%  415%  598% 1279% 2.82% 16.28%  947%  100.00%
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0.00%

Table A.3: CLN Autumn 2011 Academic Term, AM Period: 8 Trips, 436 Total Passengers

2 3 4 5 6 7 8 9 10 1 12 13 1 15 16 17 18 19 20 2 2 23
0.00% I 0.00% [ 0.00% | 0.00% [ 0.00% | 301% [ 093% | 1.16% | 023% | 0.46% | 023% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 0.00% | 0.00% [ 2.08% | 046% [ 0.69% | 023% | 0.23% | 4.17% | 000% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

1.16% | 0.00% [ 15.28% | 2.78% | 556% | 0.93% | 046% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00%

046% | 13.66% | 3.01% [ 301% | 3.01% [ 046% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

093% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%

3.01% | 0.69% | 093% [ 0.00% | 023% | 0.00% | 0.00% | 023% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

023% | 046% | 046% | 046% | 000% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

046% | 0.93% | 046% | 046% | 0.00% | 0.23% | 023% | 000% | 0.00% [ 000% | 0.00% | 0.00% | 0.00% | 0.00%

0.00% 046% | 139% | 000% | 0.00% | 046% | 000% | 0.00% | 0.00% | 0.00% [ 0.00% | 000% | 0.00%

139% | 000% | 0.23% | 023% | 000% | 0.00% | 0.00% | 0.00% [ 0.00% | 000% | 0.00%

093% | 046% | 069% | 0.23% | 000% | 0.46% | 023% | 0.00% | 0.00% | 0.00%

0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00%

0.00% | 0.00% | 000% | 0.00% | 093% | 0.00% | 023% | 139%% | 0.23%

0.00%

0.23%

0.00%
000% 000% 000% 000% 255% 046% 37.50% 1042% 1181% 856%  509%  949%  116% 093% 208% 093% 023% 463% 139% 06%  162%  046%
Table A.4: CLN Autumn 2011 Academic Term, PM Period: 10 Trips, 388 Total Passengers
2 3 4 5 6 7 8 9 10 1 12 13 ) 15 16 17 18 19 20 21 2 23
0.00% I 0.00% | 0.00% [ 0.00% | 077% | 0.52% | 0.00% | 0.26% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 000% [ 0.00% | 0.52% | 1.03% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.00% | 026% | 155% | 0.26% | 129% | 1.29% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 000% [ 0.00% | 0.00% | 0.00% | 0.00%
000% | 1.80% | 1.03% | 0.77% | 129% | 0.52% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.26% | 0.00% | 0.00% | 052% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
309% | 3.09% | 387% | 052% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.26% | 1.03% | 026% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%
464% | 026% | 1.29% | 052% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.26%
1.03% | 052% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
335% | 052% | 052% | 129% | 052% | 0.00% | 0.00% | 0.00% | 0.00% | 0.26% | 0.26%
052% | 000% | 052% | 155% | 0.26% | 0.00% | 2.58% | 0.00% | 0.77% | 1.29%
0.00% | 000% | 052% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.26% | 026% | 0.77% | 077% | 052% | 2.84% | 026% | 4.12% | 3.09%

0.00%

0.00%

0.00%

0.00%

0.26%

0.26%

1.03%

7.99%

5.93%

6.19%

24.48%

13

6.96%

1.73%

1.55%

0.00%

0.77%

0.00%

0.00%

2.06%

4.38%

2.84%

0.77%

9.02%

0.77%

8.76%

8.25%

6.02%
187%
26.16%
25.00%
0.93%
7.64%
1.85%
278%
3.01%
4.63%
4.63%
0.23%
2.78%
278%
0.93%
0.69%
0.69%
0.46%
093%
0.00%
0.00%
0.00%
0.00%
100.00%

1.55%
1.55%
4.90%
5.67%
0.77%
13.92%
1.80%
1.73%
4.12%
19.59%
10.82%
0.52%
12.89%
335%
2.84%
3.09%
258%
0.52%
1.80%
0.00%
0.00%
0.00%
0.00%
100.00%
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Table A.5: NE Autumn 2011 Academic Term, AM Period: 2 Trips, 68 Total Passengers

0.00%

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0.00% | 0.00% [ 000% | 0.00% | 0.00% | 597% | 0.00% | 0.00% | 0.00% [ 000% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.00% | 0.00% | 0.00% [ 2.99% | 0.00% | 0.00% | 0.00% | 000% [ 1.49% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
149% | 0.00% | 448% | 17.91% | 597% | 2.99% | 0.00% | 149% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.00% | 896% | 19.40% | 597% | 149% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00%
149% | 149% | 1.49% | 0.00% [ 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00%
299% | 1.49% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
1.49%

0.00%

0.00%

0.00%

0.00%

2.99%

0.00%

17.91%

49.25%

16.42%

Table A.6: NE Autumn 2011 Academic Term, PM

0.00%

2

3

4

5

6

7

8

9

10

746%  0.00%  2.99%
Period: 4 Trips,
11 12 13

0.00%

14

0.00%

15

0.00%

16

0.00%

206 Total Passengers

17

2.99%

18

0.00%

0.00%

0.00%

0.00%

0.00%

0.49%

1.48%

345%

739%

14

6.40%

6.90%

3.94%

1.97%

4.43%

5.42%

16.26%

4.93%

23.15%

13.79%

5.97%
4.48%
34.33%
37.31%
0.00%
5.97%
4.48%
4.48%
0.00%
0.00%
2.99%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
100.00%

0.99%
0.99%
542%
6.90%
0.49%
7.88%
0.99%
10.84%
24.14%
542%
16.75%
2.96%
14.29%
0.99%
0.99%
0.00%
0.00%
0.00%
0.00%
100.00%



Table A.7: CC Autumn 2011, AM Period: 14 Trips, 366 Total Passengers

4 5 6 7 8 9 10 11 12 13 1 15 16 17

18

2 2 2

000% 027%  055%  082%  6.01% 1694% 820% 738%  246%  055%  027%  000%  055%  000% 082% 000% 219%

Table A.8: CC Autumn 2011, PM Period: 12 Trips, 394 Total Passengers

4 5 6 7 8 9 10 11 12 13 1 15 16 17 18 2 21 2

0.00%

000%  227%  129%  453% 2233% 485%  841%  129%  097%  097%  097%  0.65%  0.00%  0.65%  000%  550%  16.50%

15

1.64%
3.55%
17.76%
11.48%
6.56%
3.01%
0.00%
027%
0.00%
0.00%
0.00%
2.46%
6.28%
7.10%
5.19%
6.28%
21.58%
3.83%
191%
1.09%
0.00%
0.00%
100.00%

5.18%
4.85%
14.56%
10.68%
9.71%
421%
032%
0.97%
0.97%
032%
0.00%
0.00%
0.97%
8.09%
13.92%
3.56%
14.56%
3.24%
1.29%
227%
032%
0.00%
100.00%



Table A.9: CLS Winter 2012, AM Period: 6 Trips, 354 Total Passengers

3 4 5 6 7 8 9 o m 12 B M4 15 16 17 18 19 N A 2 B #
000% | 000% [ 000% | 000% | 000% | 000% | 000% | 000% | 020% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 0.00% | 029%
0.00% | 000% 058%

0.00% 1095%
16.43%
173%
173%
202%
148
144
036%
058%
922%
692%
634%
1297%
634%
663%
1297
02%
029%
0.00%
| oo0%
0.00%
0.00%
000% 000% 000% 000% 0% 148% L7% 259% OSI%  288%  OS8%  25%  86S%  L40%  74% 0% 5% 1153%  058% 100.00%

Table A.10: CLS Winter 2012, PM Period: 6 Trips, 346 Total Passengers

3 4 5 6 7 8 9 0 m 12 B M4 15 16 17 18 19 N A 2 B #
000% | 000% [ 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 029% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% | 000% [ 000% | 029%
0.00% | 000% 02%

0.00% 23%%
116%
087%
6.0%
116%
841%
203%
058%
23%%
319%
133%
725%
2.06%
9%
551%
1072%
02%
522%
0.00%
| oo0%
0.00%
0.00%
000% 000% 000% 000% 000% 000% 0% 203% 17% 058% 145% S80% 0% 290% 1043% 1101% 98%  92%  37% 133% 100.00%

16



Table A.11: CLN Winter 2012, AM Period: 6 Trips, 361 Total Passengers

1 2 3 4 5 6 7 8 9 10 1 12 13 1 15 16 17 18 19 20 2 2 23
0.00% I 0.00% [ 0.00% | 0.00% [ 0.00% | 334% | 139% | 195% | 0.28% | 0.00% | 028% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 0.00% | 0.00% [ 167% | 056% [ 0.84% | 0.00% | 0.28% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

111% | 0.00% [ 1866% | 3.34% | 3.90% | 1.95% | 084% | L1.11% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00%

0.00% | 808% | 195% [ 2.23% | 195% | 0.84% | 0.00% | 0.00% | 0.00% | 028% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

084% | 0.00% | 0.00% [ 0.28% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%

0.00% | 0.00% | 084% [ 0.00% | 000% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

028% | 2.51% | 028% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

L10% | 279% | 0.84% | 000% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

0.28% 223% | 306% | 028% | 0.28% | 0.28% | 000% | 0.00% | 0.00% | 0.00% [ 0.00% | 000% | 0.00%

279% | 056% | 000% | 0.84% | 111% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00%

112% | 000% | 111% | 028% | 0.00% | 028% [ 0.56% | 0.00% [ 0.00% | 0.00%

0.00% | 0.00% | 028% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00%

0.00% | 0.00% | 084% | 0.00% | 111% | 0.56% | 028% [ 0.28% | 0.28%

0.00%

0.00%

0.00%
000% 000% 000% 000% 000% 223% 000% 3343% 836% 1058% 1393% 808% 891% 195% 028% 251% 27%  000% 195%  390% 028% 028%  0.56%
Table A.12: CLN Winter 2012, PM Period: 12 Trips, 610 Total Passengers
1 2 3 4 5 6 7 8 9 10 1 12 13 ) 15 16 17 18 19 20 21 2 23
0.00% I 0.00% | 0.00% [ 0.00% | 0.00% [ 0.17% | 0.00% | 0.00% | 050% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 000% [ 0.00% | 0.17% | 050% | 0.00% | 033% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.00% | 000% | 149% | 083% | 0.83% | 132% | 033% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 000% [ 0.00% | 0.00% | 0.00% | 0.00%
0.17% | 083% | 033% | 165% | 0.17% | 0.17% | 033% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.66% | 066% | 0.00% | 0.17% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
595% | 3.97% | 2.98% | 0.17% | 033% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.50% | 0.83% | 0.00% | 033% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%
7.60% | 083% | 2.64% | 050% | 0.00% | 0.17% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.17% | 0.00%
1.16% | 1.32% | 000% | 0.00% | 0.17% | 050% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
298% | 017% | 0.17% | 017% | 0.99% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.17%
0.00% | 050% | 033% | 198% | 0.17% | 000% | 149% | 017% | 033% | 0.50%
0.17% | 033% | 132% | 000% | 050% | 0.17% | 0.00% | 0.17% | 033%
0.00% | 050% | 1.16% | 0.17% | 0.66% | 033% | 017% | 1.65% | 0.83%

000%  0.00%  000%  0.00%

033%

0.17%

033%

8.43%

8.60%

1.77%

22.98%

17

4.79%

9.42%

0.66%

0.00%

0.83%

0.00%

0.00%

1.65%

6.45%

182%

347%

5.95%

149%

8.10%

6.78%

7.24%
334%
30.92%
1643%
111%
111%
4.46%
5.01%
8.64%
8.91%
5.29%
0.28%
334%
279%
0.00%
0.28%
0.56%
0.28%
0.00%
0.00%
0.00%
0.00%
0.00%
100.00%

0.66%
0.99%
4.96%
397%
1.49%
1851%
182%
12.89%
7.60%
1091%
7.60%
2.98%
5.45%
2.48%
0.83%
5.12%
5.29%
0.83%
5.62%
0.00%
0.00%
0.00%
0.00%
100.00%
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Table A.13: NE Winter 2012 Academic Term, AM Period: 4 Trips, 182 Total Passengers

0.00%

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0.00% | 0.00% [ 055% | 0.00% | 0.00% | 440% | 0.00% | 055% | 0.00% [ 055% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.00% | 0.00% | 0.00% | 0.55% | 3.85% [ 0.00% | 0.00% | 000% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
1.65% | 2.20% | 2.75% | 12.64% | 330% | 1.65% | 055% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00%
0.00% | 3.85% | 13.19% | 3.85% | 1.10% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 2.20% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00%
055% | 1.10% | 0.55% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%
110% | 055% | 0.55% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
0.55%

0.00%

0.00%

0.00%

0.00%

2.75%

2.20%

7.69%

38.46%

10.44%

Table A.14: NE Winter 2012 Academic Term, PM

0.00%

2

3

4

5

6

7

8

9

10

549%  055%  4.95%
Period: 4 Trips,
11 12 13

0.00%

14

11.54%

15

3.85%

16

3.85%

162 Total Passengers

17

3.85%

18

4.40%

0.00%

0.00%

0.00%

0.00%

0.63%

0.00%

5.00%

11.88%

18

5.63%

15.63%

0.63%

5.00%

0.63%

8.75%

21.25%

1.25%

13.75%

10.00%

6.04%
4.40%
24.73%
22.53%
2.20%
2.20%
2.75%
2.75%
7.69%
0.55%
9.34%
6.59%
8.24%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
100.00%

0.00%
0.00%
3.75%
6.88%
2.50%
18.13%
0.63%
11.25%
18.13%
2.50%
6.88%
8.75%
19.38%
0.00%
1.25%
0.00%
0.00%
0.00%
0.00%
100.00%



Table A.15: CC Winter 2012 Academic Term, AM Period: 12 Trips, 447 Total Passengers

2 3 4 5 6 7 8 9 10 11 12 13 1 15 16 17 18 19 2 2 2

2.25%
10.11%
4.49%
7.64%
5.3%
6.52%
0.00%
0.22%
0.67%
0.00%
0.22%
2.70%
742%
11.46%
3.60%
6.97%
24.04%
2.70%
2.25%
135%
0.00%
0.00%
000% 000% 337% 337% 5.17%  7.87%  539%  674%  382% 022% 000% 0.00% 000% 000% 157% 100.00%

Table A.16: CC Winter 2012 Academic Term, PM Period: 14 Trips, 489 Total Passengers

2 3 4 5 6 7 8 9 10 11 12 13 1 15 16 17 18 19 2 21 2

411%
7.19%
16.43%
9.86%
15.20%
3.49%
0.41%
1.03%
0.82%
021%
021%
0.41%
0.82%
411%
9.45%
3.08%
15.40%
267%
287%
185%
041%
0.00%
370%  287% 28.13%  370% - 945%  185%  000% 041%  144%  144%  021%  062%  062%  575%  10.88% 100.00%
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3

Table A.17: CLS Spring 2012, AM Period: 4 Trips, 247 Total Passengers

4 5 6 7 8 9 10 11 12 13 1 15 16 17 18 19

20

21

2

23

2%

0.00%

0.00% | 0.00% | 0.00% | 000% | 000% | 122% | 0.00% | 041% | 0.00% | 0.81% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

000%  0.00%  0.00%

Table A.18: CLS Spring 2012, PM Period:

3

0.00%

0.00%

000%  041%  122%  041%  325% 1179% 203%  163%  488%  569%  041%  528% 13.82% 447%  16.26%  041%

4 5 6 7 8 9 10 11 12 13 1 15 16 17 18 19

10 Trips, 473 Total Passengers

2

21

2

23

2%

0.21%

0.00% | 0.00% | 0.00% | 0.21% [ 021% | 021% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.43% | 021% [ 021% | 0.00% | 0.00% | 0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

000%  0.00%  0.21%

0.00%

0.00%

000% 021%  043%  128%  278%  086%  043% 021%  535%  257%  L71%  792% 514%  857%  S5.78%  150%

20

16.27%

244%
163%
4.07%
15.85%
122%
4.07%
0.81%
3.66%
041%
0.81%
163%
8.13%
1057%
4.88%
21.95%
3.25%
447%
8.54%
0.81%
0.81%
0.00%
0.00%

| 000%

0.00%
100.00%

171%
107%
2.14%
3.85%
1.50%
5.35%
0.00%
6.64%
0.86%
0.86%
0.86%
257%
10.71%
4.50%
18.20%
8.99%
10.71%
15.20%
0.21%
4.07%
0.00%
0.00%

| 000%

0.00%
100.00%



Table A.19: CLN Spring 2012, AM Period: 6 Trips, 312 Total Passengers

1 2 3 4 5 6 7 8 9 10 1 12 13 1 15 16 17 18 19 20 2 2 23
0.00% I 0.00% [ 0.00% | 0.00% [ 0.00% | 096% [ 0.32% | 0.64% | 096% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 0.00% | 0.00% [ 2.24% | 032% [ 0.96% | 128% | 0.00% | 0.00% | 000% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

2.24% | 0.00% [ 13.46% | 577% | 2.88% | 481% | 064% | 0.64% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00%

0.00% | 641% | 192% [ 192% | 192% | 128% | 096% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

064% | 0.32% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%

160% | 064% [ 0.00% | 000% | 0.32% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

0.00% | 0.96% | 064% | 0.32% | 000% | 0.00% | 000% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

000% | 2.88% | 032% | 0.32% | 000% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

032% 256% | 0.96% | 000% | 0.00% | 032% | 000% | 0.00% | 0.00% | 0.00% [ 0.00% | 000% | 0.00%

128% | 032% | 0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% [ 0.00% | 000% | 0.00%

0.64% | 032% | 128% | 1.28% | 032% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

0.00% | 0.00% | 000% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00%

032% | 0.00% | 000% | 0.32% | 256% | 0.96% | 064% [ 0.64% | 0.00%

0.00%

0.64%

0.00%
000% 000% 000% 000% 000% 321% 000% 253% 1250% 737% 1667% 994%  609%  096% O064% 224% 224%  096%  S45%  256% 128%  256%  0.00%
Table A.20: CLN Spring 2012, PM Period: 12 Trips, 610 Total Passengers
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23
0.00% I 0.00% | 0.00% | 0.00% | 0.00% | 079% | 0.79% | 0.00% | 0.59% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.00% | 0.00% [ 0.00% | 0.00% [ 0.20% | 039% [ 0.59% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
0.00% | 0.00% [ 0.79% | 059% | 0.39% | 059% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
0.20% | 157% [ 0.79% | 098% | 1.18% | 020% | 0.20% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
1.18% | 0.20% | 039% | 0.39% | 020% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
256% | 157% | 3.54% | 020% | 0.20% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 020% | 0.00%
0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 000% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
551% | 059% [ 2.56% | 020% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
197% | 2.36% | 0.00% | 0.00% | 020% | 0.39% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
3.15% | 0.20% | 020% | 0.20% | 1.18% | 0.00% | 020% | 0.00% | 0.00% | 0.00% | 0.39%
020% | 0.20% | 0.00% | 551% | 020% | 0.20% | 157% | 0.00% [ 059% | 0.59%
0.00% | 0.00% | 020% | 0.00% [ 020% | 0.20% | 039% | 0.20% | 0.20%
0.20% | 000% | 1.38% | 0.79% | 039% | 335% | 0.98% | 2.95% | 157%

000%  0.00%  000%  0.20%

0.20%

0.00%

039%

6.89%

5.71%

6.10%

22.44%

21

5.12%

12.01%

0.59%

0.00%

0.59%

0.00%

0.00%

0.39%

9.06%

177%

177%

12.80%

217%

6.69%

5.12%

2.88%
4.81%
3045%
15.38%
0.96%
4.17%
2.88%
4.81%
6.73%
5.45%
7.05%
0.00%
5.45%
4.17%
0.96%
0.00%
1.28%
032%
1.92%
0.32%
0.00%
0.00%
0.00%
100.00%

217%
1.18%
2.76%
5.12%
2.56%
10.83%
0.00%
1161%
9.84%
12.60%
1240%
L77%
1161%
3.74%
1.18%
6.10%
3.54%
0.20%
0.79%
0.00%
0.00%
0.00%
0.00%
100.00%
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Table A.21: NE Spring 2012, AM Period: 6 Trips, 224 Total Passengers

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0.00% | 0.00% | 045% | 0.00% | 0.00% | 179% | 0.00% | 045% | 0.00% [ 000% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.00% | 0.45% | 0.00% | 0.45% | 2.23% | 0.00% | 0.00% | 000% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
0.89% | 0.00% | 179% | 16.96% | 0.89% | 045% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
0.00% | 5.36% | 20.98% | 4.02% | 045% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
134% | 045% | 0.00% | 045% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00%
357% | 0.00% | 134% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00% | 0.00% | 0.00%
1.34% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% [ 0.00% | 0.00% [ 0.00%
0.89%

0.00%  0.00%  0.00%  000%  0.00%  491%

0.00%

9.38%

48.21%

5.36%

3.12%

0.45%

1.79%

0.45%

13.84%

4.46%

Table A.22: NE Spring 2012, PM Period: 14 Trips, 522 Total Passengers

7

8

9

10

11

12

13

14

15

16

1.79%

17

5.80%

18

0.45%

0.00%  0.00%  0.00% 000% 0.19%  136%

0.97%

272%

8.35%

22

8.74%

4.66%

4.47%

L1.75%

1.94%

6.02%

19.81%

5.83%

20.39%

12.82%

2.68%
3.13%
20.98%
33.93%
2.23%
5.36%
1.34%
1.34%
1.79%
1.34%
8.48%
8.48%
7.14%
0.45%
1.34%
0.00%
0.00%
0.00%
0.00%
100.00%

1.55%
1.55%
5.24%
7.18%
233%
10.10%
0.00%
5.44%
15.53%
2.14%
15.34%
13.20%
17.28%
0.00%
3.11%
0.00%
0.00%
0.00%
0.00%
100.00%



0.00%
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Table A.23: CC Spring 2012, PM Period: 4 Trips, 98 Total Passengers

4 5 6 7 8 9 10 11 12 13 1 15 16 17 18

0.00%

3.16%

316%  842% 2000% 105% 1158%  000%  105%  000% 000%  105%  0.00%  105%  0.00%  632%

23

3.16%
9.47%
12.63%
13.68%
8.42%
3.16%
0.00%
0.00%
0.00%
1.05%
0.00%
0.00%
0.00%
9.47%
14.74%
0.00%
11.58%
6.32%
3.16%
3.16%
0.00%
0.00%
100.00%



Appendix B: CTL assignments and exam questions developed and used in courses during academic
year 2011-2012

On the following pages, the various course assignments, projects, and exam questions are included.
They include:

Exam Question used in Civil/Environmental Engineering 540: Civil and Environmental Engineering
Systems

Assignment used in Civil Engineering 570: Transportation Engineering and Analysis
Exam Questions used in Civil Engineering 570: Transportation Engineering and Analysis
Part | of Project used in Civil Engineering 670: Urban Public Transportation

Part Il of Project used in Civil Engineering 670: Urban Public Transportation

24



The Ohio State University
Autumn Quarter 2011
CE/EnE 540: CIVIL AND ENVIRONMENTAL ENGINEERING SYSTEMS
Exam I1l: Wed. Dec. 7, 2011

Problem 6 (6 pts)

Consider a change from the “basic” CABS bus scheduling LP problem in which there are now to
be four buses scheduled on the CC route. As a reminder, this is the “four-bus” problem you were
to run in Lindo. The formulation of this problem is presented as “Exhibit 6” on the next page.

a. (2 pts) What is the scheduled time between consecutive buses traveling on the same route?

b. (2 pts) Which routes have travel or dwell times with non-zero dual variables?

C. (2 pts) If the bus required at least 7.2 minutes to travel on the first portion of the CC route (i.e,
TC1 > 7.2), what would you expect to be the new optimal headway between buses on the same
route?



Exhibit 6 LP Formulation of the Four-bus CABS Bus Scheduling Problem

min H

subject to

I'1 Physical facts for headway and cycle time
(1) TN1+TN2+TN3+DN1+DN2+DN3-RTN=0
(2) TS1+TS2+TS3+DS1+DS2+DS3-RTS=0
(3) TC1+TC2+TC3+DC1+DC2+DC3-RTC=0
(4) RTN-4H=0

(5) RTS-4H=0

(6) RTC-4H=0

1 2 Lower bounds on travel times and dwell times
I Constraints for CLN

(7) TN1>=9.2

(8) TN2>=15.4

(9) TN3>=5.6

(10) DN1>=0.25

(11) DN2>=0.25

(12) DN3>=0.25

I Constraints for CLS
(13) TS1>=13.4

(14) TS2>=9.6

(15) TS3>=6.6

(16) DS1>=0.25

(17) DS2>=0.25

(18) DS3>=0.25

I Constraints for CC
(19) TC1>=6.2

(20) TC2>=7

(21) TC3>=12.6
(22) DC1>=0.25
(23) DC2>=0.25
(24) DC3>=0.25

I 3 Even inter route headways

(25) STN=0

(26) STS-0.5H=0

(27) TN1+DN1-0.5H-STC-TC1-DC1=0

(28) STS+TS1+DS1-0.5H-STC-TC1-DC1-TC2-DC2=0
End



The Ohio State University
Winter Quarter 2012
CE 570: TRANSPORTATION ENGINEERING AND ANALYSIS

Assignment #2:  CABS OD flow and travel time analysis from CTL data
Date handed out: Wed. Jan. 18, 2012
Date due: Mon. Jan. 30, 2012

Background

OSU’s Campus Area Bus Service (CABS) has been recently instrumented with several sensor
systems. These systems allow bus arrival information to be provided to travelers, CABS staff to
better operate the service, researchers to study the behavior of bus systems, and students to learn
about bus systems in an hands-on manner. For the latter two purposes, the instrumented system
serves as a field lab known as the Campus Transit Lab (CTL).

There are two main sensor systems we are concerned with in this assignment: Automatic
Passenger Counters (APC) and Automated Vehicle Location (AVL) systems. APC systems
measure the number of passengers boarding and alighting at each bus top. AVL systems measure
the location and time of each bus at a high frequency.

A “bus trip” is defined to be one complete traversal by a bus on a route from one end of the route
(the starting terminal) to the other end of the route (the ending terminal). The CABS Campus
Loop South (CLS) route forms a loop. To simplify the analysis, all four stops on West Campus
are grouped to form one stop. As shown in Figure 1 depicting the CLS route, stop 4 represents
the grouping of all boardings at stops 1 through 4 and is considered to be the starting terminal of
the route, and stop 21 represents the grouping of all alightings at stops 1 through 4 and is
considered to be the ending terminal of the route. This simplification is reasonable because it is
very unlikely for travelers to start their trips (i.e., board) east of the grouped West Campus stops,
travel westbound through the West Campus stops, and end their trips (i.e., alight) east of the
grouped West Campus stops.

Problem 1

APC data on an Autumn 2010 CLS bus trip are sent to you via e-mail in the form of an Excel file.
Different data are being sent to different students, so make sure to work with the data sent to you.

(@) In awell labeled and numbered or lettered appendix, present a hard copy of the data sent to
you, including the “header information.” In the main body of the report, you should write
something like, “The APC data used in Problem 1 appear in Appendix A”.

(b) Apply the Iterative Proportional Fitting (IPF) method to estimate the stop-to-stop
origin-destination (OD) passenger flows for the specific bus trip APC data sent to you using
Excel (or other software such as MATLAB if you prefer). In additional to the zero entries of
the seed matrix discussed in class, a seed value of zero should also be included for flow from
stop 4 to 21 reflecting the assumption that no one makes a single trip starting (boarding) at
one of the West Campus stops and ending (alighting) back at one of the West Campus stops.
Conduct a total of three pairs of iterations, where each pair consists of one row and one
column adjustment (i.e., conduct iterations 1a, 1b, 2a, 2b, 3a, and 3b). Present the passenger
flow estimates you arrive at upon completing iteration 3b in the form of a table (matrix).
(Include the results of all the iterations in a second well-labeled appendix, label it “Appendix
B”.) Show an example calculation for at least one cell value going through a row and column
adjustment.

Page 1 of 4



ALIGHTINGS FROM R @ @ @
STOPS 1, 2, 3, 4 g e =
= @
WEST I
CAMPUS Q I

MAIN CAMPUS

BOARDINGS FROM @l PRIMARY LOOP

STOPS 1, 2,3, 4 @
@

CAMPUS LOOP SOUTH 9 @ NORTH
MODIFIED ONE-WAY ROUTE
m [==r4

@ e = BUS STOP

Figure 1: Campus Loop South (CLS) route map

(c) Based on the number of passengers traveling to each destination stop from the West Campus
starting terminal (grouped stop 4) determined under (b) above, determine the conditional
probability that a passenger who boarded at the West Campus starting terminal will alight at
each destination stop (i.e., stops 5 through 20). Present your results in a well-labeled table,
explain the logic behind your calculations, and use an example calculation to help in the
explanation.

Problem 2

AVL data on many Autumn 2010 CLS bus trips are used to calculate the following: (i) expected
(or average) time it takes a bus to travel from one stop to the next (where the travel time equals
the arrival time at the next stop minus the departure time from the previous stop) and, (ii)
expected (or average) dwell time at each stop (where dwell time equals the departure time from a
stop minus the arrival time to that same stop). The results are shown in Tables 1 and 2.

For each destination stop, determine the expected time in minutes that it takes a passenger to
arrive at her or his stop once the bus has left the West Campus starting terminal. That is, find the
expected line-haul time from West Campus (stop 4) to each destination stop (stops 5 through 20).
Present the results in a well-labeled table, explain the logic behind your calculations, and show at
least one example calculation.

Problem 3

Using your solutions from Problems 1 and 2 above, find the expected line-haul time for a
random passenger boarding at the West Campus starting terminal. (The expected line-haul time
represents the expectation considered across all possible destination stops.) Present and show
your calculation.
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Table 1: Expected Stop-to-Stop Travel Times for Autumn 2010

From Stop To Stop Time (sec)
Carmack 1 (4) Blankenship Hall (5) 105.70
Blankenship Hall (5) AG Campus (EB) (6) 86.04
AG Campus (EB) (6) St John Arena (EB) (7) 58.51
St John Arena (EB) (7) Drake Union (8) 111.13
Drake Union (8) Cannon and 12th (SB) (9) 100.36
Cannon and 12th (SB) (9) Med Center and Cannon (EB) (10) 108.51
Med Center and Cannon (EB) (10) | Med Center and 9th Ave (11) 50.59
Med Center and 9th Ave (11) Neil and 10th Ave (12) 81.11
Neil and 10th Ave (12) Mack Hall (13) 71.65
Mack Hall (13) Hale Hall (14) 117.94
Hale Hall (14) Ohio Union (NB) (15) 113.23
Ohio Union (NB) (15) Arps Hall (16) 102.88
Arps Hall (16) North Dorms (17) 105.35
North Dorms (17) Fisher College (18) 85.52
Fisher College (18) St John Arena (WB) (19) 64.67
St John Arena (WB) (19) AG Campus (WB) (20) 59.16

Table 2: Expected Dwell Times for Autumn 2010

Stop Name (Stop Number) Dwell Time (sec)
Blankenship Hall (5) 5.12
AG Campus (EB) (6) 16.48
St John Arena (EB) (7) 8.02
Drake Union (8) 14.53
Cannon and 12th (SB) (9) 9.81
Med Center and Cannon (EB) (10) 5.74
Med Center and 9th Ave (11) 6.55
Neil and 10th Ave (12) 16.74
Mack Hall (13) 23.72
Hale Hall (14) 12.48
Ohio Union (NB) (15) 7.78
Arps Hall (16) 25.62
North Dorms (17) 20.50
Fisher College (18) 34.82
St John Arena (WB) (19) 8.63
AG Campus (WB) (20) 24.31
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Problem 4

The stop-to-stop travel times and stop dwell times extracted from AVL data on 150 Autumn 2011
CLS bus trips are also sent to you via e-mail in the form of an Excel file organized in two
separate sheets, one containing the stop-to-stop travel times for the 150 bus trips and the other
containing the dwell times for the 150 bus trips. (Note: You do not need to provide these data in
your report.)

(@)

(b)

(©)

Calculate the average stop-to-stop travel times and the average dwell times based on the
provided Autumn 2011 AVL information on the 150 bus trips using Excel (or other software,
such as MATLAB, if you prefer). (Recall, in Excel you could use the function AVERAGE (...)
to calculate the average.) Present your results in two (well-labeled) tables, one for
stop-to-stop travel times and the other for stop dwell times, similar to Tables 1 and 2 of this
assignment. To validate your solutions, the average stop-to-stop travel time from stop 11 to
stop 12 is 94.65 sec, which falls approximately in the middle range of the average
stop-to-stop travel times, and the average dwell time at stop 16 is 21.85 sec, which falls
approximately in the middle range of the average dwell times. Briefly compare the

Autumn 2011 average stop-to-stop travel times and stop dwell times with those of Autumn
2010 (shown in Tables 1 and 2).

Calculate the standard deviation of the stop-to-stop travel times and the standard deviation of
dwell times based on the provided Autumn 2011 AVL information on the 150 bus trips using
Excel (or other software such as MATLAB if you prefer). (Recall, in Excel you could use the
function sTDEV (...) to calculate the standard deviation.) Present your results in two tables,
one for stop-to-stop travel times and the other for stop dwell times — feel free to combine the
results of this question with those of part (a) above in the same tables. Either way, make sure
to label your tables and column headings clearly. To validate your solutions, the standard
deviation of stop-to-stop travel time from stop 17 to stop 18 is 29.64 sec, which falls
approximately in the middle range of the standard deviations of stop-to-stop travel times, and
the standard deviation of dwell time at stop 13 is 17.53 sec, which falls approximately in the
middle range of the standard deviations of dwell times.

Based on the results from part (b) above, identify the stop-to-stop segment that has the largest
standard deviation of travel time and the stop that has the largest standard deviation of dwell
time. Indicate both that segment and that stop on the map of the CLS route. (Consider this a
figure, so it should be labeled appropriately. It can be labeled by hand.) A map like that of
Figure 1 is sent to you via e-mail for you to print and use in providing your answer to this
question.
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The Ohio State University
Winter Quarter 2012

CE 570: TRANSPORTATION ENGINEERING AND ANALYSIS

Exam 1 (50 points)
Date: Feb. 10, 2012

Problem 3

a. (2 pts) APC systems on CABS measure the total number of passengers boarding and
alighting through each of the two doors of a bus. The totals measured for each door are then
converted to the number of passengers alighting and the number of passengers boarding, for
a given bus at a given stop, by assuming that passengers alight using the rear door of the bus
and board using the front door of the bus. Circle “T” if true, or “F” if false:

T F

b. (1 pt) All CABS buses are equipped with APC systems but only a certain percentage of the
buses are equipped with AVL systems. Circle “T” if true, or “F” if false:

T F

Problem 4

After some number of iterations, the IPF OD flow estimates for a bus trip consisting of six stops
are shown in Table 4.1.

Table 4.1: IPF OD flow estimates

Alighting stop # (i)

1 2 3 4 5 6
0.00 | 0.00 | 2.72 | 439 | 859 | 9.15
0.00 | 0.00 | 3.28 | 5.31 | 10.40 | 11.06
0.00 | 0.00 | 0.00 | 3.30 | 6.47 | 6.89
0.00 | 0.00 | 0.00 | 0.00 | 554 | 5.90
0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Boarding
stop # (j)

o (01 [~ W IN|




a. (3 pts) Based on the results shown in Table 4.1, determine the probability that a random
passenger alights at stop 5 given that s/he boarded at stop 2. Show your calculations.

b. (2 pts) Based on the results shown in Table 4.1, determine the probability that a random
passenger alights at stop 5 given that s/he boarded at either stop 1 or stop 2. That is, we are
interested in the probability of passengers coming from stops 1 or stop 2 and alighting at
stop 5. Show your calculations.

c. (4 pts) Table 4.2 below shows the APC boarding and alighting counts for the same bus trip
for which IPF OD flow estimates are shown in Table 4.1 above. Determine the IPF OD flow
estimate for cell (3,5) by applying the next adjustment (only one adjustment) to the cell value
6.47 from Table 4.1. Show your calculations.

Table 4.2: APC counts for a bus trip

APC
Alighting stop # (i) ons

1 2 3 4 5 6

31
30
14

Boarding
stop # (j)

o (01 |~ (W N
(ee]

APC offs 0 0 6 13 31 33




CE 670 Urban Public Transportation
Winter 2012

Project — Part I: Campus Area Bus Service Operations — Data Collection
Date handed out: Thurs. Jan. 19, 2012
Date due: Tues. Jan. 31, 2012

Instructions

This project deals with the service provided by and operations of routes operated by
Campus Area Bus Service (CABS). You are to form 5 teams, 3 teams with four
students per team and 2 teams with three students per team. Each team should
have exactly one CE gradate student, exactly two CE undergraduate students, and
at most one CRP or Geography student.

The project consists of two parts: (I) data collection, and (IT) analysis. Each team
should submit a comprehensive report addressing each part. The reports should
reflect the team’s own independent work.

In addition, each team member should submit one “Peer- and Self-evaluation Form”
in relation to each of the other members of the team (three copies of this form are
included at the end). Please submit these completed forms to me separately (.e., do
not include them with your team’s report). The individual team member project
grade will be partly based on this submission.

Data Collection

Each team will study a specific route as indicated in Table 1. Field data should be
collected such that the reference stop shown in Table 1 for each team is observed for
a continuous 2.5-hour period. You are to schedule your data collection to cover the
class times (2.30-4.18p) on Tues Jan 24 or Thurs Jan 26. The CLN-1 and CLN-2
teams should not collect data on the same day and time. Similarly, the CC-1 and
CC-2 teams should not collect data on the same day and time. (If for a good reason a
team 1s unable to collect data to cover the class time, the alternate time must be
cleared with the instructor and the selected 2.5-hour period must be between 7.00a
and 6.00p on a weekday.) Make sure you record and report the time period you
select along with the corresponding date.

The CABS web site provides route maps, the locations of all the stops, and
scheduled headways (durations between bus arrivals). Visit this site at
<http://tp.osu.edu/cabs/> to access this information. In addition, the
Transportation Route Information Program (TRIP) provides real-time information
on expected arrival times of buses at stops in a list format and the location of the
buses in a map format. Visit this site at <http://tp.osu.edu/cabs/trip.shtml>
to access this information.

You are collecting data in order to analyze and estimate models of passenger
waiting times, stop dwell times (stationary times spent at stops by buses), and cycle
times (times it takes buses to traverse the entire length of a route). You are to also
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compare the data you collect in the field with automatically collected data you will
be provided at a later point.

Team Route # of students Reference Bus Stop (Stop ID)
CLN-1 Campus Loop North 4 Hamilton Hall (33)
CLN-2 Campus Loop North 4 Koffolt Lab (58)
CLS Campus Loop South 4 Ohio Union (NB) (43)
CC-1  Central Connector 3 Knowlton Hall (57)
CC-2 Central Connector 3 Mack Hall (41)

Table 1: Routes and Reference Bus Stop for Each Team

The number of buses scheduled on each team’s route is equal to the number of
students in each team. However, sometimes the number of buses operating on a
route is reduced by one depending on staffing availability. In the event that at the
time of data collection all scheduled buses are in operation, each student will be
riding one of these buses for the purpose of data collection. Otherwise, the “left-out”
student should be stationed at the reference stop shown in Table 1 for each team for
the duration of the data collection.

Data collection starts and ends at the reference stop. One member of the team
should be designated to collect data while standing at the reference stop as soon as
the first member of the team boards the first arriving bus on your route. This
designated member will continue collecting data from the reference stop until all
team members have boarded successive buses. If the number of buses on the route
1s as scheduled, this team member then boards the next bus and continues the data
collection while riding the bus like the other team members. Otherwise, this
designated team member will be the “left-out” student who remains at the reference
stop collecting data from that perspective. The data collection ends when the last
student who boards makes it back to the reference stop 2.5 hours after the first
student boards the reference stop.

Whether riding a bus or observing buses while stationed at the reference stop, the
minimum data requirements are the following:

*  bus number,
number of passengers on the bus (passenger load) upon starting the data
collection on each bus,
bus arrival and departure times at each stop including the time the bus spends
letting passengers on and off and the time the bus spends stationary without
any boarding and alighting activity should this occur,
number of passengers boarding and number alighting at each stop, and
passenger loads upon both bus arrival and departure when collecting data from
the reference stop.
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Bus arrival times observed in the field should be based on the first door to open and
departure times on the last door to close or the instant the bus departs. Should a
bus spend more time than needed to allow passengers to board and alight, make a
note of this extra time. The doors may or may not remain open in the absence of
boarding and alighting activity. What is relevant is to make a distinction between
the time for boarding and alighting activity and the time with no such activity
before the bus departs. Passenger loads (number of passengers on a bus), and to a
lesser extent the number of passengers boarding and alighting, might be difficult to
measure at times. In such cases, try to approximation these values as best as you
can and indicate that you are conducting an approximation in such cases. Times
should be recorded to the nearest second. Finally, all team members should
synchronize their watches shortly before data collection to the time indicated on the
TRIP website.

Well before collecting any data, however, it is strongly recommended that members
of each team meet to organize their data collection effort in terms of addressing
matters such as deciding on the period of time during which data will be collected,
specifying the type of data to collect in the field, and designing and producing data
collection forms. It is also highly advisable that team members conduct a dry-run
together prior to the actual data collection effort to ensure that nothing has been
overlooked, avoid making mistakes during data collection, and maintain consistency
during data collection.

Report

For part I the report should include the following:

description of the field data collection effort,
route map with reference stop indicated,
name of student collecting data on each bus and reference stop,
+ sample data collection forms,
+ description of the data collected,
* tabulation of the collected raw data, and
raw data saved in Excel and e-mailed to the instructor <mishalani@osu.edu>.

The report should be single-sided and double-spaced with 1-inch margins (all sides).
The Excel file should be named as follows: <CE670 WI 2012 TeamName Data.xlsx>.
The “TeamName” is as shown in the first column of Table 1.
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CE 670 Urban Public Transportation
Winter 2012
Project — Part | Peer- and Self-evaluation Form

Instructions

The purpose of this evaluation form is for each one of you to have a chance to
evaluate the performance of your teammates with regard to various aspects of their
contribution to this project. Also, this is to provide you with an opportunity to assess
your own performance in providing constructive feedback to your team-mates as you
work together on this problem set.

I urge you to provide feedback to your teammates as your work progresses. Your
objective is to aim for providing a positive evaluation of each other at the end of the
process. You should submit these evaluation forms (one in relation to each of your
team-mates) to me independently of your team’s report. Nevertheless, I encourage
you to discuss your evaluation with your teammates. This, however, is only a
recommendation and is not a requirement.

Evaluation

1. Your name:

2. Your team’s name:

3. Name of team member you are evaluating:
4

. Please score the team member named above on a scale of 1 to 7
(1 = unacceptable, 2 = poor, 3 = mediocre, 4 = fair, 5 = good, 6 = very good,
7 = excellent) with regard to the following:

a. Contribution to and performance on data collection preparation: Score =

b. Contribution to and performance on data collection form design: Score=__ .
c. Contribution to and performance on actual data collection: Score = .
d. Contribution to and performance on report writing: Score = .
e. Teamwork spirit and cooperative attitude: Score = .
f. Leadership skills: Score = .
g. Overall performance and contribution: Score = .

5. Now please give yourself a score with regard to your effort in
providing constructive feedback, when and if needed, to the above
named team member during the progress of your work together: Score =

6. Please provide below your written comments on any of the items above if you
have any (use the back side of this sheet or another sheet if you need additional
space):
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CE 670 Urban Public Transportation
Winter 2012
Project — Part | Peer- and Self-evaluation Form

Instructions

The purpose of this evaluation form is for each one of you to have a chance to
evaluate the performance of your teammates with regard to various aspects of their
contribution to this project. Also, this is to provide you with an opportunity to assess
your own performance in providing constructive feedback to your team-mates as you
work together on this problem set.

I urge you to provide feedback to your teammates as your work progresses. Your
objective is to aim for providing a positive evaluation of each other at the end of the
process. You should submit these evaluation forms (one in relation to each of your
team-mates) to me independently of your team’s report. Nevertheless, I encourage
you to discuss your evaluation with your teammates. This, however, is only a
recommendation and is not a requirement.

Evaluation

1. Your name:

2. Your team’s name:

3. Name of team member you are evaluating:
4

. Please score the team member named above on a scale of 1 to 7
(1 = unacceptable, 2 = poor, 3 = mediocre, 4 = fair, 5 = good, 6 = very good,
7 = excellent) with regard to the following:

a. Contribution to and performance on data collection preparation: Score =

b. Contribution to and performance on data collection form design: Score=__ .
c. Contribution to and performance on actual data collection: Score = .
d. Contribution to and performance on report writing: Score = .
e. Teamwork spirit and cooperative attitude: Score = .
f. Leadership skills: Score = .
g. Overall performance and contribution: Score = .

5. Now please give yourself a score with regard to your effort in
providing constructive feedback, when and if needed, to the above
named team member during the progress of your work together: Score =

6. Please provide below your written comments on any of the items above if you
have any (use the back side of this sheet or another sheet if you need additional
space):

Page 5 of 6



CE 670 Urban Public Transportation
Winter 2012
Project — Part | Peer- and Self-evaluation Form

Instructions

The purpose of this evaluation form is for each one of you to have a chance to
evaluate the performance of your teammates with regard to various aspects of their
contribution to this project. Also, this is to provide you with an opportunity to assess
your own performance in providing constructive feedback to your team-mates as you
work together on this problem set.

I urge you to provide feedback to your teammates as your work progresses. Your
objective is to aim for providing a positive evaluation of each other at the end of the
process. You should submit these evaluation forms (one in relation to each of your
team-mates) to me independently of your team’s report. Nevertheless, I encourage
you to discuss your evaluation with your teammates. This, however, is only a
recommendation and is not a requirement.

Evaluation

1. Your name:

2. Your team’s name:

3. Name of team member you are evaluating:
4

. Please score the team member named above on a scale of 1 to 7
(1 = unacceptable, 2 = poor, 3 = mediocre, 4 = fair, 5 = good, 6 = very good,
7 = excellent) with regard to the following:

a. Contribution to and performance on data collection preparation: Score =

b. Contribution to and performance on data collection form design: Score=__ .
c. Contribution to and performance on actual data collection: Score = .
d. Contribution to and performance on report writing: Score = .
e. Teamwork spirit and cooperative attitude: Score = .
f. Leadership skills: Score = .
g. Overall performance and contribution: Score = .

5. Now please give yourself a score with regard to your effort in
providing constructive feedback, when and if needed, to the above
named team member during the progress of your work together: Score =

6. Please provide below your written comments on any of the items above if you
have any (use the back side of this sheet or another sheet if you need additional
space):
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CE 670 Urban Public Transportation
Winter 2012

Project — Part II: Campus Area Bus Service (CABS) Operations — Analysis
Date handed out: Thurs. Feb. 16, 2012
Date due: Tues. March 6, 2012

Instructions

In part II of this project, continue to work with your team and use the data you
collected in part I to address the various problems. Each team should submit a
comprehensive report describing the analysis and results. If you need to refer to any
materials you submitted in your part I report, please include those materials again
in your part II report.

The report should be single-sided and double-spaced with 1-inch margins, and use a
font size of 12. Once again, the report should be the team’s own independent work.

In addition, each team member should submit one peer- and self-evaluation form
(three copies of this form are included at the end) in relation to each of the other
members of the team. Please submit the forms to me separately (i.e., do not include
them with your team’s report). The individual team member project grade will be
partly based on this submission.

Problem 1: Bus Headways and Passenger Wait Times

a. Based on your field observations, determine all the headways at your reference
bus stop plus three additional stops of your choosing. The set of four stops should
be roughly evenly distributed along the length of the route. You might consider
other factors in making your choice. Briefly justify your selection. (CC-1 team:
consider your reference stop plus the only other additional stop you observed
data at; naturally, the last three sentences above do not apply to you.)

b. Estimate the headway probability density function (pdf) using an histogram at
each of the four (¢two for CC-1 team) bus stops of question (a) above. Also
estimate the headway empirical cumulative density function (cdf) at each of the
bus stops. Describe the nature of these functions.

c. Based on your estimates of the headway means and variances, determine the
mean passenger waiting time at each of the bus stops. Compare halfthe
estimated mean headway with the mean passenger waiting time for each bus
stop. Discuss the significance of this comparison and interpret your results.

d. Compare the estimated headway pdfs and cdfs across the stops. Compare the
mean passenger waiting times across the stops. Interpret your results.
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Problem 2: Bus Dwell Times

In this exercise you are to formulate and estimate one or more bus dwell time
functions (models), which describe bus dwell times for your reference bus stop. The
dwell time 1s the time a vehicle requires to discharge and take on passengers at a
stop including opening and closing doors and the holding time (i.e., the additional
time spent standing beyond the time necessary to allow passengers to board and
alight).

a. Use ordinary least squares regression for your estimation (using Excel is
recommended, but you may use any other statistical software tool). Justify your
choice of explanatory variables and model specification. Present interesting
models you have estimated but may decide not to recommend for use in
predicting dwell times. Depending on the nature of your data, consider
developing models for dwell time and models for dwell time less the holding
time.

b. Critically assess the quality of your estimated model(s) and justify your decisions
regarding the models you chose to adopt and the ones you decided not to adopt.

Problem 3: Bus Running Times

a. Estimate the bus running time (as measured with respect to your reference stop)
pdf and cdf (again, using an histogram and an ecdf).

b. Is the number of busses scheduled to operate on the route you are studying
reasonable given the published headway for your route? Make any necessary
assumptions and justify your answer.

Problem 4: AVL and APC data vs. Field Data

In this exercise you are interested in comparing the Automatic Vehicle Location
(AVL) and Automatic Passenger Count (APC) data covering the same time period
and service you observed in the field. The AVL and APC data will be provided to
you in an Excel file via e-mail.

a. Compare the field bus arrival and departure times for the stops you analyzed in
Problem 1 to the corresponding information collected through the AVL
technology.

b. Compare the field passenger boarding and alighting counts for the stops you
analyzed in Problem 1 to the corresponding information collected through the
APC technology.

Assess the accuracy of the AVL and APC data in questions (a) and (b) above at the
individual datum level. That is, you are to examine differences in the data at the
specific bus and stop levels before calculating any summary statistics. In other
words, you are not to aggregate the data before examining the differences.
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Problem 5: Recommendations

a. Based on your answers to the above questions, what are the problems or issues
that you think CABS should be made aware of?

b. Based on your answer to question (a) above, what are the recommendations you
have for CABS with regard to improving operations, service, and passenger
information provision, if any? Whether you recommend improvements or not,
please justify your answer.
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CE 670 Urban Public Transportation
Winter 2012
Project — Part Il Peer- and Self-Evaluation Form

Instructions

The purpose of this evaluation form is for each one of you to have a chance to
evaluate the performance of your team-mates with regard to various aspects of their
contribution to this project. Also, this is to provide you with an opportunity to assess
your own performance in providing constructive feedback to your team-mates as you
work together on this problem set.

I urge you to actually provide feedback to your team-mates as your work progresses.
Your objective is to aim for providing a positive evaluation of each other at the end
of the process. You should submit these evaluation forms to me independently of
your team’s report. Nevertheless, I encourage you to discuss your evaluation with
your team-mates. This, however, is only a recommendation and is not a
requirement.

Evaluation

1. Your name:

2. Your team’s name:

3. Name of team member you are evaluating:
4

. Please score the team member named above on a scale of 1 to 7
(1 = unacceptable, 2 = poor, 3 = mediocre, 4 = fair, 5 = good, 6 = very good,
7 = excellent) with regard to the following:

a. Contribution to solution of problem 1: Score = .
b. Contribution to solution of problem 2: Score = .
c. Contribution to solution of problem 3: Score = .
d. Contribution to solution of problem 4: Score = .
e. Contribution to and performance on report writing: Score = .
f. Teamwork spirit and cooperative attitude: Score = .
g. Leadership skills: Score = .
h. Overall performance and contribution: Score = .

5. Now please give yourself a score with regard to your effort in
providing constructive feedback, when and if needed, to the above
named team member during the progress of your work together: Score =

6. Please provide your written comments on any of the items above if you have any
(use the back side of this sheet or another sheet if you need additional space):
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CE 670 Urban Public Transportation
Winter 2012
Project — Part Il Peer- and Self-Evaluation Form

Instructions

The purpose of this evaluation form is for each one of you to have a chance to
evaluate the performance of your team-mates with regard to various aspects of their
contribution to this project. Also, this is to provide you with an opportunity to assess
your own performance in providing constructive feedback to your team-mates as you
work together on this problem set.

I urge you to actually provide feedback to your team-mates as your work progresses.
Your objective is to aim for providing a positive evaluation of each other at the end
of the process. You should submit these evaluation forms to me independently of
your team’s report. Nevertheless, I encourage you to discuss your evaluation with
your team-mates. This, however, is only a recommendation and is not a
requirement.

Evaluation

1. Your name:

2. Your team’s name:

3. Name of team member you are evaluating:
4

. Please score the team member named above on a scale of 1 to 7
(1 = unacceptable, 2 = poor, 3 = mediocre, 4 = fair, 5 = good, 6 = very good,
7 = excellent) with regard to the following:

a. Contribution to solution of problem 1: Score = .
b. Contribution to solution of problem 2: Score = .
c¢. Contribution to solution of problem 3: Score = .
d. Contribution to solution of problem 4: Score = .
e. Contribution to and performance on report writing: Score = .
f. Teamwork spirit and cooperative attitude: Score = .
g. Leadership skills: Score = .
h. Overall performance and contribution: Score = .

5. Now please give yourself a score with regard to your effort in
providing constructive feedback, when and if needed, to the above
named team member during the progress of your work together: Score =

6. Please provide your written comments on any of the items above if you have any
(use the back side of this sheet or another sheet if you need additional space):

page 5 of 6



CE 670 Urban Public Transportation
Winter 2012
Project — Part Il Peer- and Self-Evaluation Form

Instructions

The purpose of this evaluation form is for each one of you to have a chance to
evaluate the performance of your team-mates with regard to various aspects of their
contribution to this project. Also, this is to provide you with an opportunity to assess
your own performance in providing constructive feedback to your team-mates as you
work together on this problem set.

I urge you to actually provide feedback to your team-mates as your work progresses.
Your objective is to aim for providing a positive evaluation of each other at the end
of the process. You should submit these evaluation forms to me independently of
your team’s report. Nevertheless, I encourage you to discuss your evaluation with
your team-mates. This, however, is only a recommendation and is not a
requirement.

Evaluation

1. Your name:

2. Your team’s name:

3. Name of team member you are evaluating:
4

. Please score the team member named above on a scale of 1 to 7
(1 = unacceptable, 2 = poor, 3 = mediocre, 4 = fair, 5 = good, 6 = very good,
7 = excellent) with regard to the following:

a. Contribution to solution of problem 1: Score = .
b. Contribution to solution of problem 2: Score = .
c. Contribution to solution of problem 3: Score = .
d. Contribution to solution of problem 4: Score = .
e. Contribution to and performance on report writing: Score = .
f. Teamwork spirit and cooperative attitude: Score = .
g. Leadership skills: Score = .
h. Overall performance and contribution: Score = .

5. Now please give yourself a score with regard to your effort in
providing constructive feedback, when and if needed, to the above
named team member during the progress of your work together: Score =

6. Please provide your written comments on any of the items above if you have any
(use the back side of this sheet or another sheet if you need additional space):
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