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Abstract

Optimizing public transit is an important issue in thé' 2&ntury. This research project was
focused on the run time performance of the Ride On $ystem inMontgomery County, MD. Through a
focus group, field observations, and interviews we evable to create a set of comprehensive
recommendations targeting addressable issues such abtargling, traffic signal idle time, and
scheduling. Besides recommending common solutiansh &is smart cards and transit signal
prioritization, we developed a new, innovatiseneduling paradigm.
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Executive Summary
Optimizing public transit is vital for a modern Ameriga.energy costs continue to be unstable, more

V U}E % }%o0 &E % V JVP }v %ol Of( ST wePs}®ES )2} dZ]e %o E}i S
improving the runtime performance and schedule adheen€the Ride On bus system in Montgomery
County, Maryland. By using proven analytical methods,idtiety observation, interviews, and surveys, we
created a comprehensive set of recommendations to aidextgomery County. We looked at a bus route in
terms of the processes involved, such as boardinopgdit traffic signals, and scheduling. By looking abeac
process, we were able to focus on the addressableessand effectively create realistic, concrete
recommendations.

The main problem related to bus boarding is the varighih the method of fare payment among
customers. By observing bus loading we learned that paymethods vary from the very fast, like SmarTrip
or flash-passes, to the very slowest method, cash. Aliegrto county documents, about one quarter of the
ridership uses cash to pay the fare. The fare paymeuotblpm will soon be exacerbated by the upcoming
phase out of paper transfers. The county must ensure pagss, who currently use paper transfers,
transition to SmarTrip or flash-passes in order to maintalialpée boarding times. Increasing SmarTrip
adoption is a vital step in this effort. From our survey anbsequent analysis, we believe the best way to
accomplish this goal is for the county to increasefdre discount for SmarTrip users.

Crowded intersections are a detriment to a successful ttaretivork. Busses spend considerable
amounts of time waiting at traffic intersections, and teiuses bus routes to run late. To overcome this, some
cities have implemented transit signal prioritization (JI§Btems. TSP grants priority to busses, allowing them
to pass through intersections cleanly and efficiently nirfeeld research, we have discovered Rockville Bike i
candidate for a TSP implementation. From interviews, wesHearned the transportation division of the
county government is in the process of upgradingradfic signal network. These upgrades are compatible

with TSP systems. Thus, we recommend further investigati implementing TSP along Rockville Pike.



The Ride On static bus schedule can not account foraldgy variability in traffic flow. Using a focus
group with bus operators, interviews with transit officiadsd field observations, we developed an innovative
enhancement for Ride On bus scheduling. Instead of sdmepbusses based on predictions, dynamic
scheduling would be calculated using real-time bus agivBy scheduling busses dynamically, Ride On could
absorb some of these traffic variances while providirsgadle route schedule to its customers. Dynamic
scheduling would be accomplished by using new teatjiek to form a bus network. Implementing such a
network would put Montgomery County on the forefroot new transit technologies and open up many doors
for future enhancements. Bus service viability is dejmrt on customer satisfaction. Because one of the most
important factors for customers is schedule reliabilitee recommend Montgomery County further investigate
dynamic scheduling to achieve better schedule adherence

This comprehensive set of recommendations is basedetdistinct problem areas; together they
will address the larger issue of runtime performanceeSéhrecommendations will help Ride On as it strives to
provide quality service to its customers. Furthermdhese recommendations will move Ride On into the

modern transit age and will make Montgomery County a méalebther transit agencies to follow.



1. Introduction
As we continue into the Zicentury, public transit is becoming increasingly papuThis

increased interest can be traced in part to the unstabld cbenergy. Negatively affecting this new
found interest in public transit, specifically bus transtits susceptibility to delays in heavy traffic.
These delays make potential users less likely to adgpibdic transit lifestyle. Cities are attempting to
combat congestion by improving traffic infrastructure tbhis is often a losing battle. Congestion
continues to occur and even worsens. When public ttasystems cannot stay on schedule, it creates a
sentiment among customers that it is better to just ys@vate transit (Zhao, 2006). This increases
congestion because there are more private vehicletherroad, which makes the public transit systems
even more inefficient. The Montgomery County Ride Gsie8y is a public bus system suffering from
this problem.

Montgomery County is part of the Washington, D.C., matfibtpn area. This region is home to
many government agencies and businesses and is the thosd wisited tourist destination in America
(Travelerszone, 2008). Therefore, there are many peapdving in, out and around Montgomery
County every day. According to the Reason Foundationlemd ¢xas Transit Institute, Washington,
D.C., is the third most congested metropolitan area in Acag(Hartgen, 2006; Schrank, 2007). By 2030
it is expected that it will take 75% longer to make a inip densely populated areas during peak hours
than off-peak hours (Hartgen, 2006). Putting this intalreumbers, a bus route that is supposed to take
it ulJvpus « Ajpgo Vv u% 3 IJvP }JA %@ @E(uRvAJEX W/ $Z E Al}po v[$ 1((
run time between peak and off-peak hours. This is atistic because traffic flow is inherently variable.
A more realistic solution is to have more consistenttimes despite traffic variability.

dZ ui}E Z oo vP (}& D}Vv3P}u EECS YumsE«&]]oKv &uvsju « (}E ]
routes. Each bus route has a scheduled runtime whichesl to assemble the network of busses into a

reliable system. If a bus does not run on time, it cesadelays for future routes. Ultimately these delays
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rest of its run. Thus, a series of small delays adtbw@psignificant delay by the end of a run.
Considerable research has gone into optimizing bus megi Across the globe, transit authorities are
using new technologies to improve bus service. Margnaigs are beginning to implement rapid
boarding techniques. Proximity cards are increasingpipularity as they are a significantly faster fare
payment system than cash. Other technologies such asdsiffnal prioritization offer buses the right-
of-way in crowded intersections. Transit officials alsdfyehat bus schedules are up to date with
changing populations and ridership patterns

A notable gap in bus transit research is the cumulativectff a set of individual
enhancements to a system. There is room for a studyhercbllective effect of different technologies,
such as rapid boarding, transit signal prioritization, andsad¢ed scheduling on a bus system.
Montgomery County is a diverse county, containing rumgusban, and urban areas (Montgomery
County, 2008). Hence, its transit problems cannot beesblith any singular solution.

It was the goal of this project to find ways to improve #féiciency of the Montgomery County
Ride On system in congested areas. To accomplish thilgoked at a bus route like a state machine. As
a bus completes a route, it transitions between a numblestates, or stages. Each stage has a finite
duration. We objectively examined each stage and invattidymeasures to lower the time in each
stage. The focus of this project is becoming incredgiingportant as energy concerns continue to
plague the world. It is our hope that our recommendatiavidi not only help Ride On schedule

adherence but also put Montgomery Couratlythe forefront of transit technologies.
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2. Background

Traffic congestion is a growing problem; in 2007 albmest urban Americans 78 billion dollars
(Schrank, 2007). As energy costs remain uncertain, people are looking towards public transit to
commute and travel. This trend alleviates some congesiiothe roads, but increases strain on transit
systems. Because there are competing forces involvgetaple transition to using public transit over
private transit, a stabilization point is reached in whichnmare people transition. At the stabilization
% }]vE §Z SE ve]3 eCe3 U ]e spu((] Juwvso € @E3E]E+"Z}p ZuSZ SA}lpo E
themselves than be inconvenienced with public transit. fte@re less likely to use mass transit if it
takes them longer to get to work or are otherwise ingenienced by using the public transit system.
Due to these holdouts, there is still a significant preseof privately owned vehicles on the streets.
These privately owned vehicles create traffic congestivhich slows down bus routes and makes it
harder for public transit to meet the demands of its custrbase. If a particular area is continually
growing, the situation is exacerbated, because only sofrthe new population is able or willing to use
public transit. Thus more holdouts hit the road, creatingrencongestion and dissatisfaction with public

transit.

Significant research has been done to recognize andftfigtiic congestion in America's cities.
This research includes annual reports on the state ofitrabngestion and observing its growth over
time (Schrank, 2007). In this chapter we will coveaety of topics useful for understanding the
impact of our results and recommendations. These topickide an overview of Montgomery County,
factors that contribute to traffic congestion, factors thatritribute to bus tardiness, andsZ & ]8] <[
solutions to a stressed bus system.
2.1 Montgomery County Transit Authority

The Montgomery County Government has its own transit authdo complement other transit

providers operating in the Washington, D.C., Metropolitaea (Montgomery County Government,
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buses that operate on almost 80 routes throughout the cquars well as select areas of surrounding
counties. Ride On operates all 80 routes during weekdaystily 30 routes operate on weekends. The
Ride On systemisone ofthe GEP *3 % p 0] e eCe3 ue Jv §Z v HEU pvER@QvP D}vs
population of about one million. According to Howard Bexi the Montgomery County Transit
Authority, the entire Ride On system transports about 95,088sengers each day through an average
of about 5,000 trips.
Interlining

Scheduling is at the base of any bus network. In typictésys, like Boston, one would see
busses scheduled to complete the same route througtibatday (Chris Garnier, Personal
Communication, 11/03/2008). In these systems when afmishes a route it waits at the final stop until
it is required to leave for the returning route. Thiésa simple technique that allows for a multiple busses
to run periodically along the same route. A more coexlechnigue of scheduling, known as interlining,

is used by Montgomery County.

Unlike systems like Boston, an interlined system hasdmischeduled to run different routes
throughout the day (Chris Garnier, Personal Communicalfitf@3/2008). When a bus reaches the end
of its route, it may take an entirely different route oot that station. A major advantage of this
approach is the better allocation of resources. In a ndarlmed bus network, a bus needs to wait for
the entire frequency of the bus route in order to sténe next sequence. That is if a route runs every 15
minutes, a bus will wait 15 minutes before starting up agaitihe opposite direction. For smaller
layover times, savings are not as apparent, but for laytwess as large as 30 minutes interlining saves
significant resources. A negative effect of interlinighe potential chain reaction of delays. If a bus
early on in the day is delayed, the next route that bus sakal start late. As more delays occur, the

total delay grows, resulting in significant delays byehe of the day.
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Rockville Pike
Route 355 in Maryland is one of the main traffic corridoigated in Montgomery County. Itis a

main access road from Washington, D.C., into the coulttstretches from the border of Washington,
D.C., all the way through Montgomery County into nbigting Frederick County. Route 355 changes
name a number of times throughout the county with largetimns including Wisconsin Ave, Rockville
Pike and Frederick Rd. This stretch of road carries btreedhighest volumes of commuters in

Montgomery County.

All eight Metro stations off the red line from Shady @ do Friendship Heights are located on
route 355. Five of these Metro stations, Shady groves@&mnor-Strathmore, Twinbrook, Rockville and
White Flint have parking available at the station with spaeeging from 524 in Rockville to 5,745 in
Shady Grove. Despite the amount of parking available; tiszially fill early in the morning. This results
in many people using Ride On to get to and from the mstations, creating high demand for routes
that travel to the red line Metro stations.

The 10 Year Plan

In 2005 Montgomery County released a 10 year transportgtian. The multi-billion dollar plan
is intended to address increasing traffic congestiamtighout Montgomery County. This plan is the
largest transportation initiative by a county in the WashorgMetropolitan area. Projects under this
plan include new roadways, road improvements, intersectipgrades and increased rail availability.
Many of these projects have already been completed orcareently underway. A major component of

this plan specifically addresses the Ride On bus system.

The plan calls for the expansion of Metrobus and Ridéen@me county by 50 percent by the
year 2015 (Montgomery County, 2007). Under this trantgiimm plan it is expected that transit
ridership will increase by more than 75 percent duningh hour; from 34,000 users to nearly 60,000
users. Methods to accommodate these new riders incladding more routes and increasing service

15



hours. Within the next seven years routes will run abewery 15 minutes, but some may run as often

as every 10 minutes, depending on ridership.

Projections show that Montgomery Ce8 C[* ii C & SE ve%}ES 5]}v %0 v AJoo u
strides against traffic congestion. These projectsetbgr with expanding transit services will reduce
the duration of afternoon work trips by 18% and increasmlttransit use by 45% (Montgomery County,
2007). By performing these projects Montgomery Coustigoping to reduce traffic congestion and
improve mobility by 2015. Montgomery County acknowlesithe fact that fighting traffic congestion is
not an easy task nor inexpensive, however they realigeniecessary to improve the quality of life in

Montgomery County. A complete list of the projects banfound in Appendix B.

2.2 Factors that contribute to traffic congestion
dZ % E]v %0 He }( SE ((] %viPoe«3]}vminFeolle Moviag around

§8Z s u 3Ju_ ~"ZE vIU T116U %o X E (DIvEHEP FE EQ+ JHOSFA 5Z] SE v
%}% pHo $]}v }( ou}ed }v uloo]}Vv %} EGoP 3ZA 0E ]|V |P%]5 oU $3Z E &
people moving on the roadways throughout the county. pleamove using a variety of means; driving
personal vehicles, riding public transportation, or eveaiking. Regardless of the particular form of

transportation used, there is always some contribution taffic congestion.

The most visible cause of traffic congestion is too yneghicles on the road at any given time. This
is what the average commuter considers traffic congestiamcommuters we know it's draining to seem
to be always going where everyone else is going. Radsnly designed for so much traffic; when

these limits are reached, drivers are negatively affected

Infrastructure problems and resulting construction alsotciute to congestion. Sometimes,
old cities have roadways that are outdated and not sufficterftandle the amount of traffic that

roadways are seeing (Tennyson, 2007). For examigkelr@ a road constructed in a small Kansas farm
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town. Back in the 1950s, the road may have been contgtuprimarily for farm equipment transit, but
today it may be a connector to a major metropolis. Clearle can imagine the road's original design

may not be suitable for its current usage. Roads liksé¢hare inevitably going to have to be repaired.
When the repairs are performed, sections of the road magd to be shut down (Tennyson, 2007)

These road closures create temporary delays that negativgbact traffic flow.

Pedestrian traffic is also a contributor to traffic coatien. Transportation hubs like park and
rides, Metro stations, or major bus stations are prondngavy foot traffic. Pedestrians are known to
frequently ignore signals at a timed intersection and Jkwidhpredictable pedestrian movement causes
vehicles to be backlogged as they might miss thprastunity to pass through the intersection.
Pedestrians, though not vehicles on the road, have ssgsrimpact on traffic flow.

2.3 Montgomery County Transit Services and Traffic C ongestion

Montgomery County has been consistently rated the third temsigested region of the United
States, the first being Los Angeles (Schrank, 2007 fRetransit authority's own estimate, Ride On
bus routes are on time 80 percent of the time (Howard BdPersonal Communication, 9/12/08). This is
undesirable because often times, commuters have spewifik schedules and cannot be late. Currently
there has been an effort to alleviate the burden faced bggengers in congested areas. The Ride On
website includes the use of online tools and informatiorhelp to reduce the wait time for passenger
(Montgomery County, 2008). Specifically these toolst@eommuter to the location of lane closures
and roadwork. With this information a commuter can avoid #eseas or schedule more time for his or
her commute. Other useful tools on the commuter widbénclude an updates page to notify users if a
bus is running late. These tools help commuters déthl thie problem of traffic congestion, but more

direct steps need to be made in improving efficiemtygongestion.

17



2.4 Factors that Contribute to Bus Tardiness
Traffic congestion is not the only cause of a bus dpéate. Other factors contribute to a bus not

finishing its route as scheduled. Red lights can be amfiaptor in whether or not a bus is on time.
Depending on how the bus approaches a light, it may d@esignificant amount of time at an
intersection. Every time a bus is stopped at a red light,only is it wasting time waiting at the light
itself, it also looses time accelerating back up to spe&dus is not like a normal car, it takes a lot more
time and energy to get a bus up to speed. In more urd@a of the county, where you have a number

of lights in a row, bus runtimes can be significanttréased.

We have discovered, through an interview with Mr. Tirm@drmick, that a major factor
contributing to bus tardiness is the payment type of paggss. Mr. McCormick, a transit official from
Providence, Rhode Island, did his own independentystodind the effectiveness of the Providence
Smartcard system. He found the averag Ju (}@E +}u }v A]8Z ~u EE E A)AABGZ E ]5][
card or one with a magnetic strip that you swipe, was satmere between three to five seconds. Those
paying with cash, however, averaged a fare payment time ofiatwenty-two seconds. This may not
seem like a significant difference, but extrapolate tbaer an entire bus run, those seconds add up to
many minutes of time.
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Many cities have had to deal with similar problems to the®that Montgomery County is how
facing. Increasing energy costs have caused more intargsiblic transit. It is not uncommon for other
cities to deal with increased usage in a system with trassites related to crowded streets. Because
many cities have had to deal with this problem, there afdet of unique ideas to increase efficiency of a

bus system despite traffic congestion.
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Smart Cards
Smart cards are an increasingly popular way to optimizebbasding. Cities such as Boston,

Hong Kong, and Washington, D.C., have all investadant €ard technology. Hong Kong implemented a

u ES & 00 S8Z "K 8§}%pue E J5KUSTHBOrX EZPehcBUA]JulSC ~"u ES
§} SCE ve( E o SE}V] % Cu vSe 53C [oldrangt sEstem(. MBKIBZa pdyment

using the card can be done by holding the card againataving it over an Octopus card reader, even if

it is in a wallet or purse. One can imagine how this isemuseful than a swipe card, as it does not

require users to remove them from a container. The pct® card has tremendous popularity in Hong

Kong, boasting a 95% user rate.

Smart cards provide effective, flexible and secure ssirtransactions with minimal human
intervention (Octopus Cards Unlimited, 2008). The staddransaction time for readers is 0.3 seconds.
Smart cards allow for more advanced handling of faregidriHong Kong implementation, when riding
the transit system, the entry point of commuters is notetien they first get on. This allows for

different fares for different lengths of travel.

Bus Size Options
A unigue solution seen in Boston is longer bussgsdBnecting a second body to the end of a

normal bus one bus can carry twice as many people ate tifthis solution has benefits and drawbacks.
The only time that a route will benefit from a largarsiis when it is at full or near-full capacity. Also,
the bus may be able to carry significantly more peoplg,ibis much harder to maneuver. Depending
on how a city is designed it may be more practical temc the bus in a different dimension. For
example, England wanted more capacity in each bus, sphhee a second story on top of some of

their busses. Roadways were not designed to accommodata &xig buses, so they made them taller.

19



Transit Signal Priority
Some transit agencies have started to combat congestiomipjementing transit signal

prioritization (TSP) (Davol, 2001). The objective Bfi$$o improve schedule adherence and improve
transit travel time efficiency while minimizing impattsnormal traffic operations. Traffic signals are
typically timed to minimize the total delay to all vekiglat the intersection. However, minimizing
vehicle delay may not be optimal for passengers if thespager load of the vehicles is considered. For
example, a 30-second delay to a crowded bus is noivedent to a 30-second delay to a single-
occupancy vehicle on a per passenger level. Thusdcanaalrric to use is the total delay caused to all
passengers in a vehicle rather than just look at theialetas one indivisible object. This metric
represents the impact of delays imposed on the usertheftransportation network instead of on the
vehicles of the transportation network. Thus, usingstimetric grants priority to public transit vehicles
and minimizes the average delay per person.

Transit Signal Prioritization strategies attempt to reducegelin two ways, by reducing the
probability of a transit vehicle encountering a red sigrmand if this does occur, by reducing the wait
time for the green signal (Davol, 2001). One impleméatabf TSP is made up of four components
(Smith, Hemily, lvanovic, 2005). There is a deteciatem that lets the TSP system know where the
transit vehicle requesting priority is located. The déime system communicates with a priority request
generator that alerts the traffic control system that thetisit vehicle would like to receive priority.
There is software that processes the request and decidesther to grant priority based on the
programmed priority control strategies. Then there ioasftware that manages the system, collects
data, and generates reports.

Traffic Signal Priority systems are divided into twaiidct types; passive and active (Corby, Stewart;
2006). Active priority strategies are more commonlydiigan passive priority systems. Active systems
alter signal settings dynamically and only when necessaaking adjustments in real-time to the signal

timing in order to minimize delay for an approaching prkiansit vehicle. Passive systems do not
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dynamically alter the light due to the presence of a Biuss includes signal light timing, special lanes for
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The application of passive or active transit priority cardiseuptive to competing traffic movements
depending on the situation.

Active priority strategies are divided into three clasagsconditional, conditional and adaptive
(Davol, 2001). An unconditional strategy is one whighgpriority to every transit vehicle detected. The
disadvantage to this is that priority may be granted unnecelysdor example, a vehicle that is ahead of
schedule, or worse, a bus that is currently not evesdrvice. Unconditional priority requires no further
information other than the presence of the vehicle te tstansmitted to the signal controller. This makes
it a viable option for transit systems with limited fundior communications capabilities.

Conditional strategies grant priority status based on certaiteria (Davol, 2001). The criteria
are the current properties of the specific transit velei Common criteria for conditional priority are the
tardiness of the vehicle relative to its schedule, thenier of passengers on the bus, or simply the time
of day. By making the signal prioritization based ontiplel conditions the system is more robust. By
being robust the system can be more flexible in optingzraffic flow for public transit while minimizing
unnecessary delay for other types of vehicles.

Adaptive transit priority strategies are those which use mjation-based control schemes to
determine if and how to grant priority (Davol, 200l .such schemes, the delay of the transit vehicle is
considered along with the delay faced by all other vesiclThe controller then calculates the optimal
solution for how to allocate time between the competingpapaches. This type of active signal
prioritization is the most dynamic.

Expected benefits of traffic signal prioritization vagpdnding on the applications, but include
improved schedule adherence, reliability and redutredrel time for busses (Smith, Hemily, and

Ivanovic, 2005). This leads to increased quality ofieeffer busses. Potential negative impacts of
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implementing a system include delays for private vekiclelowever, logically, delays for private
vehicles can be proven to be minimal. This is becauseviery private vehicle delayed by the
prioritization of a bus there is an opposite private \@ithat benefits from a longer green signal.

For design and development of TSP strategies, howéett tests are often infeasible (Davol,
2001). Microscopic traffic simulation is usually thestnpracticable alternative for testing designs
before implementation. The most common metric useddoch evaluations is travel time through the
network, as this is the most direct measure of the &opto the control strategy. The impact on transit
vehicles is usually separated from the impact on tcadfi a whole in evaluation studies. This allows the
benefits of the transit vehicles to be directly contregdtwith the negatively impacted vehicles.
Conclusion

The background research was an excellent foundation frdist of the project. Understanding
D}v3P}u EC }uv3CU 3SE ((] VP s3I Epf s}@udylveU A+ Al3 0 (JE
project outcome. As we began to perform our projectattjves, the background served as an

instrument of knowledge in our quest to further undgéand Montgomery County.
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3. Methodology

The Montgomery County bus transit system, Ride On, bags kxperiencing time performance
issues due to increasing congestion throughout the Wagtbn, D.C., Metropolitan area. The goal of
this project was to provide multiple recommendations foe thlontgomery County Government to help
improve time performance and schedule adherence foeRdah. To do so we focused on three main
objectives: identify current problems with Ride On elated to time performance, identify other transit
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analytical framework for bus loading performance and aigtelay in order to support our
recommendations. To complete these three objectiveshad to use several different methods of
research: observation, interviews, focus groups and the of a survey. Using these methods allowed us
to complete our project objectives efficiently and effizely.
3.1 Identify current problems with Ride On as relate d to time performance

We discovered that a crucial objective to completing project was to understand the
fundamental shortcomings of Ride On. While in Montgont@éounty, we used methods of both direct
and participatory observation to identify current probleni$ie best way for us to understand how Ride
Onfunctions was to use it. Participatory observation of rigihe busses allowed us to be a customer
and go through exactly what every other passenger has tihgmgh on a daily commute. We expected
to face traffic congestion, poorly timed lights, long tivag times, and late arrivals. Riding the busses was

very important to us, because we needed an understandinigow Ride On operates.

Route Determination
The first milestone we needed to reach for this proje@s to determine which routes our study

should focus on. During weeks one and two we chog@&ta variety of routes throughout
Montgomery County. The first route we rode was the 5%rfri@ockville Station to Germantown; this

was selected because of high ridership and the amod@istaps on the route. We were able to
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determine what other routes to ride by discussing theitowith County officials, in addition to looking
at ridership data ourselves. We ended up observing &tyadf routes originating from the Rockville and
Silver Spring Metro stations. These routes included38, 46, 59, 47, 15, 16 and 20. Only a subset of
these routes was focused on for our study. The subsefinalized on was the 55, 46, 16 and 20. These
four were selected because of their locations on majongested traffic corridors. Descriptions of the

routes can be seen in Appendix C

Observation Practices
While we were traveling on each of these routes, wgaged in conversation with other
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our best to make these encounters as natural as possibl@ct, occasionally riders would spark
conversations with us. Oftentimes the conversation leihformation that helped us understand the
system better. However, this was not always the case vamtiad to consider different aspects of the
conversations to determine whether to take them serigudlthrough these casual encounters we found
out what it is like to ride the bus everyday and what gesbs people face. This method allowed us to

get firsthand information on customer attitudes towards &idn.

From our background research and investigation, we ledithat in completing a route, a bus
transitions through a variety of stages. Such stagesdedioading and unloading passengers, en-route
on the road and stopped at traffic signals. The bus spendertain amount of time in each stage. While
out in the field we gathered quantitative data on all stagesfocused our study on stages that are
easiest to improve. Through discussion with our pcoj@isons and our engineering judgment, we
determined bus loading and traffic signals were the estsséages to alter. Our study consisted of
gathering actual time a bus spent in each stage on the chomgtes, at peak and non-peak hours. By
gathering these data, we were able to see how much offardince changing one stage would affect

the entire system. Additionally we discovered that scheduivas also an important part of the bus
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system.

Fare Payment Systems
From our background research we learned there is amagsiearch on fare payment systems.

There has been no conclusive research in the UniteceSthout the efficiencies of different fare
payment systems (Tim McCormick, Personal Communicaticiop€r 6, 2008). Thus, while planning to
observe a bus in all stages, we knew we wanted to fipalty observe the length of time a bus needs to
load its passengers. This observation meant recordingt wayment type people used, and how long it
took them to pay their fare. To make these observatiomsrade on a variety of buses with a stopwatch
and recorded the amount of time it took people to pay the fare. We started timing when the
passenger reached the top step of the bus and stoppméhty when they walked by the bus driver. It
was important to collect the data the same way every timedbapnsistent results, we recorded about
100 trials. Once these quantitative data were gathered,were able to find an average time that it
takes a passenger to pay using each payment methodwisssaluable information because changing

bus loading times is one of the easier stages to alteRide On

Traffic Signal Delay
From background literature we found that delays at trafignals are sometimes directly

related to bus schedule adherence. We performed a stutlwbere and how much signal delay
affected Ride On routes. In completing this study wiected data on how much time buses spent at
red lights. We did this by timing the bus from the mahe bus started to decelerate for a red light to
the time the bus started to accelerate again. Once these dat® wollected we were able to determine
the percentage of time spent at traffic signals compared tottital bus route. By completing this study

we had hoped to find a connection between signal delay schedule adherence.
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Operational Standpoint
Besides riding buses, we also organized a focus grbRjde On bus operators. A focus group is

a small group of people taking part in a guided discussioportant preparatory steps were taken in
order to make the focus group successful. First, indife set of topics and questions had to be
constructed. A final versioof this is located in Appendix D. We had six bus operatarticipating in

the discussion, one of us served as the moderatorleathie other two were observers. During this focus
group we gathered data pertinent for meeting our objectofdearning about Ride On and were able to
gather constructive feedback on the bus system. We waltttedparticipants to feel comfortable talking
to us, so we held the focus group at the bus depdbaithersburg, Maryland. The bus drivers were
reserve drivers, so they had no set schedule of roatethat time. This allowed them to be free for the
entire 90 minute duration of the focus group. Becauseréhwere reserve drivers, they knew most of
the routes, allowing us to get insight on routes all ardihe county. The specific topics we discussed
]Jv opu §Z @E]A E+[ A] Ae }v & Y] v3wP «§j}vdl AICP ngvandvo} ]
general observations about Ride On. The discussiorndied|but was not limited to, each of these pre-
determined topics. In fact, this specific methodimformation gathering was chosen specifically for the
open-ended nature of the conversation. While other madk such as interviews or surveys can gather
similar information on known variables, the focus grouggavered fresh ideas about problems Ride On

is facing.

After holding the focus group we explored the validif the observations and validated
suggestions that were made by the operators. This inadudaveling to sites where operators reped
frequent traffic congestionWe followed up on their suggestions to see whether tigyre feasible or
applicable to improving the Ride On system. We talkeduoliaisons to gain a management perspective
}v §Z }% E 3§} & “We(compilddthe results of the focus group into a suemyrreport which

can be found in Appendix E.
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Through our background research we discovered nomesolutions that other public transit
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these potential solutions we investigated how applicableythauld be for Ride On. This involved

interviewing bus users as well as County officials.

Identify benefits and feasibility of increasing usage of SmarTrip
The fare payment study discussed in Section 3.1 fatasdbus loading time. We wanted to

investigate this topic from multiple angles. We wanteddok both into the plausibility of increasing
SmarTrip usage and the benefits it would bring to Ride ®fe discovered the time metrics related to
SmarTrip in the fare payment study. Because we Alsws 5} ]+ }A E §Z omef SmefTHo ] V]

we conducted a survey. Interviews with transit officiaisre conducted to gather their opinions as well.

We developed a brief questionnaire to gauge user opiraibout Ride On. This evolved into
choosing the survey topic to be about SmarTrip. Bseausers would not be inclined to answer
complex questions, we chose to use a Guttman Scale mdtelGuttman scaling model is best to
analyze simple yes or no questions in a short questioen@ie survey questionnaire can be found in
Appendix F. The objective of the survey was to dinda participants knowledge and opinion of
Ay EAdE]% X /8 A e pue 3} P uP 3% |VUEBIL|ER[SESUE RS J( "u EdE]% SZ(
the County. The questionnaire was distributed at variousrblstations across the county. This included
Rockville, Shady Grove, and Silver Spring. By passitigeoquestionnaire at these stations we were
able to maximize the number of responses per unit tifies idecause the population of bus riders at

a Metro station is much higher than on a single bus.

To determine the feasibility of increasing SmarTrip usagehad numerous discussions with

county officialsWe discussed the feasibility with Chris Garngengute scheduler at Montgomery
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County Transit, and Phil McLaughlin, manager of transit sdimegand planning<nowing what the
future goals for the SmarTrip were for the county, as wellunderstanding previous related efforts

helped us to determine the feasibility of increasing Shngr usage on Ride On buses.

Transit Signal Prioritization Applicability
We have learned from background research that manyiputansit agencies have

implemented transit signal prioritization (TSP) systemsdambat signal delays. The study mentioned in
Section 3.1 was focused along Rockville Pike on rafesd 55. Rockville Pike is a heavily traveled,
large retail corridor carrying many bus routes. The Rilekvike corridor was specifically chosen for
applicability analysis because a TSP system would benrapted along a major corridor like Rockville
Pike. We also spoke with traffic engineers to disdi8B feasibility. Specific topics focused on the
compatibility of current software and hardware with TSP. @hg we gathered were useful in

determining whether a TSP system would be benefici&tide On.

Development of Dynamic Scheduling
After completing some analysis, we developed an tHatiwould be beneficial to Ride On bus

scheduling. This unique idea materialized as dynaafieduling and was drawn from connections with
other fields of study. While dynamic scheduling poaverful idea, we needed to see how applicable it
was for the Ride On system. Thus, we held meetingsistisng the topic with Chris Garnier and Phil
D > puPZo]vX he]vP Z] -Tike perfpAnanievdata, we were able to see how various
scenarios would work using dynamic scheduling. Lagéyhypothesized how dynamic scheduling could
be implemented. Using all the data gathered in this phasewere able to create a sound engineering
proposal for dynamic scheduling for the Montgomery @tyugovernment.
3.3 Develop Analytical Framework

Throughout the project, it was our hope to create oriaélsome sort of traffic analysis. This was

an objective in itself, as it would help us create mueltdr solutions for the county. By being able to
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test our solutions, it made us more confident in oucoenmendations. The analysis focused on boarding
times on select routes. Using the data we gathered fromatudy on fare payment methods we were
able to develop an analytical framework of Ride On operatidfe were able to calculate the

guantitative time differences between bus routes with yiaig percentages of SmarTrip passengers.
With these data we were able to calculate different scéosfor the bus boarding times. By
demonstrating different scenarios, it allowed us to demtoate the potential problems with boarding in

the future.
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4. Results and Analysis
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bus system, Ride On. Upon completing field observatiare have learned that many factors contribute
to this problem. Many of these factors are variable, sastaccidents, loading times, encountering red
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We analyzed fare payment methods and their effect on logdime, traffic signal wait time, and traffic
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benefit Montgomery County, so we have included Infation on these results in Appendix G
4.1 Payment Methods and SmarTrip
When we first began our project, we theorized that thethiod of fare payment was an
important factor that contributes to bus running times. Qbeory was shared by Tim McCormick, the
Manager of the planning department at the Rhode Island Bubtinsportation Authority. After hearing
about a small study he had performed on the subject, veearconvinced that this would be one of the
areas where improvements could be made in MontgomeryrnBouBY riding on a variety of bus routes
in the Rockville and Silver Spring areas, we colledé¢a on the time needed for paying with different

fare media. The list of routes we observed can be sedrable 4.1.

Table 4.1- List of routes ridden to collect paymetype data

Route Number Destination
55 RockvilleGermantown
47 RockvilleMontgomery MaliBethesda
46 RockvilleMedical Metro Station
20 Silver Springfillandale
16 TakomasSilver Spring
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Payment Methods in the Ride On System
In the current Ride On bus system there are a variety of payment methods a passenger can use

to ride the bus. Figure 4.1 displays the current payment breakdown for Ride On users. Transfer and cash
payment users make up almost half of the total ridership, while one of the fastest methods of payment,
SmarTrip, is used by only 14% of customers. Other payment methods make up the remaining 39% and
include monthly passes, 20-trip tickets, Metrobus passes, Montgomery College ID’s and a variety of

others.

SmarTrip, 14%

Transfer , 24%

Cash, 23%

Figure 4.1- Current Ride On Ridership Breakdown

Future Ride On System with no Paper Transfers
The Washington, D.C, Metro system has decided to retire paper transfers. Ride On is planning to

do the same in early 2009. This could cause problems for Ride On users as 24% use paper transfers.
Retiring paper transfers means that transfer users will have to find another means of paying to ride the
bus, whether this is cash, purchasing a monthly pass or a SmarTrip card. We project a good portion of
these users will still pay with cash for multiple reasons. One reason is that some of these users may not
be everyday commuters, so purchasing a SmarTrip card might not seem beneficial. Another reason is
that paper transfers can result in fraudulent riders. Fraud methods include the use of expired transfers,

users passing transfers on to other users and the theft of transfer rolls. Because of this fraudulent use of
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transfers, a portion of Ride On riders should be considered illegitimate. Thus, some riders cannot or will
not pay to legitimately ride the bus. Therefore, the belief that everyone will switch to SmarTrip once
transfers are retired is an overly optimistic statement. Figure 4.2 displays the future payment

breakdown assuming all paper transfers become cash payments.

SmarTrip, 14%

Other Payment, G
39%

Figure 4.2- Future payment breakdown assuming all paper transfers become cash payments

Current System vs. Future System
From our data collection using the methods described in Section 3.1, we found that it takes a

cash user an average of 9.3 seconds to pay his or her fare and board a bus. It only takes an average of
1.8 seconds for a SmarTrip, flash pass or transfer slip user. Specific metrics weren’t gathered on the
other types of payments, but they are comparable to a transfer slip or SmarTrip. The majority of them
are considered flash passes; they only need visual confirmation and take the same amount of time to
use as a transfer. These extra seven seconds to pay with cash may seem minimal but when accumulated
over a whole day, it can add considerable length to the total bus run time. Table 4.2 shows the
estimated amount of time busses on route 55 spend in the passenger loading stage. This table also
shows the comparison of loading time in the current system with paper transfers to a system where
there are no paper transfers. For a worst case analysis, we assumed that all paper transfers would

become cash payments. Boarding times will increase by an estimated 158% if these former paper
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promote flash passsor SmarTrip casl

Table 4.2- Loading Times- Paper vs. Non Paper

With Paper Transfers

% SmarTrip/transfer/other type 7%
% users using cash 23%
Estimated time spent loading bus throughout thay min 486.4
Estimated time spent loading bus throughout the dayurs 4.4

Without Paper Transfers

% SmarTrip/transfer/other type 53%
% users using cash 47%
Estimated time spent loading bus throughout the diyn 721.8
Estimated time spenbading bus throughout the dalyours 6.4

The equation we used to determine bus loading time tisfollowing:

T A %od =| el dE Where parameters in the equation are defined as:
T.: Time spent loading bus throughout the day
p: number of passengers
c: Percent of users using cash

Tc: Average loading time using cash
Nc: Percent of users using non-cash payment
Th: Average loading time using non-cash fare
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4.2 Analysis of Traffic Signal Delay

Our initial assessment of traffic signal delay and its impadtansit travel times consisted of
taking field measurements. We collected data throughaurt @ight week stay about traffic signal delay
along two major traffic corridors in Montgomery CounBockville Pike and New Hampshire Avenue.
After analyzing the initial data on these two corridors f@and that Rockville Pike was a better
candidate for a transit signal prioritization (TSP) systera.cbiridor of Rockville Pike was determined
to be a better candidate for TSP because of the numbeéfeifo stations and the number of routes
operating along the corridor. We gathered our data on segment of Rockville Pike from the Medical
Metro Center up to Lake Forest Transit Center. Sixd/&ftions are located along this corridor with a
total of 48 Ride On routes entering or exiting the Mettations. Figure 4.6 highlights both routes 46
and 55. Route 46 is highlighted in the dark blue, widlgte 55 is highlighted in light blue. We collected
our traffic signal data on the section of Rockville PikenfMedical Center Metro Station to Lakeforest

Transit Center.

Lakeforest Transit Center

v

Medical Center Metro \

Figure 4.6- Rockville Pike- Medical Center Metro #tatto Lakeforest Transit Center
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County. If these intersections were installed with TB®ould recognize a bus waiting and grant priority

for a left turn green signal.

A noteworthy intersection where we saw considerable dslasas the Medical Center Metro
station. During peak hours buses spent an average of neaplyninutes waiting for the left turn signal.
These data were collected on busses exiting the Medleaker and busses traveling Northbound
attempting to enter the station. A birds-eye view of tmgersection is displayed in Figure 4.9. The
orange arrows in this picture show the routes where buses considerable delay waiting for a left
green signal. It can also be seen in this picture that th@aeentering the station is extremely narrow.
In fact, a bus needing to turn right does not have egiovoom to get by if there is a bus waiting for a
left green signal. A TSP implementation at this interseationld also have to result in a widening of the
street to create better traffic flow. We found wideninhe street would allow more than two buses to
exit the station at once and would result in smoother traffow exiting the intersection. This is a
common theme with TSP implementation, things such agmiid) streets and relocation of bus stops

would have to be researched and executed concurrent Wil implementation.

Medical Center Metro Station

Figure 4.9-Medical Center Metro Station Interseatio
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Effects of Traffic Signal Prioritization
Upon learning there was a relationship between traffgnsils and bus unreliability the next step

in our research was to look at the cost and potential béeeff TSP. From talking with county officials
we learned Ride Onis setup simijaé} Z] P}[e He cC*S uU W v §20 04 ]Jv >} VP
(Smith, Hemily, and Ivanovic, 2005). Both transit autiesrhave implemented TSP systems and both

have observed benefits.

In Chicago, 15 intersections were equipped with TSkgalkermak Road, a major traffic corridor
within Chicago (Smith, Hemily, and Ivanovic, 2005). efRoad is a high volume traffic corridor very
similar to Rockville Pike in Montgomery County. The totat of the implementation was $732,000.
Included in this cost was the removal of existing cohdable and replacement with fiber optic cable,
replacement of all controllers and cabinets and installatioagfance detector loops and check out
loops. The Department of Transportation in Montgomery@g is currently implementing an
Advanced Transportation Management System. This projelktdas updating all central traffic
software, replacing all copper wire with fiber optic talnd installing new controllers and cabinets at
traffic signals. By already heading in the direction afrapling its infrastructure, Montgomery County is
dramatically decreasing the potential cost of TSP. ImplemgnfiSP with compatible software and
hardware already installed drops the cost of implementim&5,000 to $20,000 per traffic light. The

costs vary depending on the type of detection softwased.

}18Z Z] P} v >}e VvP o0 ¢ S Gawsdsaverdge tidd Sdvingfsl7% on routes
implemented with TSP (Smith, Hemily, and Ivanovic, R0@%=ddition to time savings, both agencies
observed increased ridership throughout their respeetregions. The detection technology used in
both Chicago and LA is out of date; there is more sdiphted detection software available now that

has been proven to show even better results and is mef@ble. Agencies that use the more
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sophisticated new software have seen greater route timarggs time saving ranging from 20%- 30%

(Smith, Hemily, and Ivanovic, 2005)

There are 29 intersections along Rockville Pike froadibhl Metro Station to Lake Forest

Transit Center that could be considered as candidatea T@P implementatiorOf these 29

intersections, five are excellent candidates. These fieeeacellent candidates because of the high

volume of routes passing through them each day. Tdl8dists these intersections and the number of

routes passing through.

Some traffic engineers have a priority for singleupancy vehicles and believe granting

Table4.3- Excellent TSP Candidates

Name of Intersection

Number of Routes

King Farm Rd - Rockville Pike

Redland Rd- Rockville Pike

High St- Rockville Pike

Park Rd- Rockville Pike

Med Center- Rockville Pike

| O | 00| ©

priority to busses has a negative effect on street netvgotkenough research is done and if the proper

preparatory steps are taken, TSP is a very viable soltdipablic transit time performance issues.

There have been cases in numerous cities wheremglementation has worked with minimal effects

v §Z 3 CE

EV EAYEIX %% V ]E P Z]Ad 8o E & ES SR

Vv

$Z J& (]v I

the benefits of TSP and its impact on personal vehiclexeThas been and continues to be a lot of

research going into transit signal prioritization, and vewd no doubt that TSP is the wave of the future

for public transit.
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4.3 Scheduling Systems

A successful bus network requires a quality schedudiystem. The scheduling of a bus system
affects both customers and county officials. Custometarface with the bus system through the
schedule; riders base their day around it. A bus systehdoes not take riders when they want to go is
underperforming just as much as a system that does not taders where they want to go. County
officials depend on the schedule to allocate resounmexperly. Ride On only has a finite number of

busses and operators; they need to be allocated propierlyrder to create the best system possible.

4.3.1 Current Scheduling System: Static Interlining
Montgomery County uses an innovative technique for deiiag known as interlining. A bus

has two forms of identification, a physical bus numtzard a virtual route number. Interlining calls for
the route identification to change as a bus completes aeoBly allowing the bus to transition between
different routes throughout its run, the Montgomery CouriRyde On system is more robust. Interlining
has an operations level effect and does not directly@ffaistomers. In static interlining, the schedule
set by county officials determines the route transitidos different busses. Further background
information on interlining can be found in Section.2.1
Disadvantages of Static Interlining
A recurring theme we found from our data was variabiM¥hen observing bus routes

we recognized there was no regularity to delays. Wéjlecific routes could be identified as problem
routes as described in Section 3.1, there was no guaesateute would always be late. Furthermore,
scheduled events at schools, college class variatiomsp#rer inevitable events vary traffic patterns
day+to-day during the week. Being able to handle this vdlitglwould be a major improvement for
public transit. It is difficult for static schedulingaocommodate these types of variations.

Because of the variation of weekday traffic flow, we hygsihed that for every bus that runs

very late, there is a bus running either not as late, ametior even early. This was largely confirmed by
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§Z }uvSs @ime performance data. Unfortunately the on-time performandata represents only a
subset of the total data. Thus, analysis can only be donthis snapshot. The data showed it was clear
there was irregularity in bus arrival times. For instanees example shows that at Grosvenor Metro
Station a bus arriving late is paired with another bus arg\early. In one extreme case, a bus was so
late it arrived only one minute ahead of the next bus rimgnthat route. Because the data are only a
shapshot, it is impossible to see exactly what happenedediately after this incident. However, from
our focus group with bus operators we learned that in #heguations operators are supposed to follow
their routes. That is, the busses continued to run tosely together with no schedule adjustment. This
means the resource misallocation stayed in the systemughout the rest of the day. Static bus
schedules have the weakness that regardless of the actisafuntimes, busses need to stay running as
scheduled.

Misallocated resources cost the Ride On significant amoftimoney. We discovered from
personal dialog with county officials, the capital cosadifus was discovered to vary from 325,000 to
500,000 dollars. More important than the capital cost is tisage cost. Because of maintenance issues,
Ride On currently faces a bus shortage. Due to laboricéstis, busses are only able to be serviced
during normal business hours, when they are supposduoktin service. When busses begin to break
down, a bus shortage occurs. If an unneeded bus wekeetfreed up from a route, it could be used

elsewhere more effectively.
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Schedule

Actual

Figure 4.10 Diagram of a simplified static inteid schedule. Numbers represent bus numbers (B#)gevehas letters
represent route numbers (R#). The purple ovals repent bus arrivals; the teal ovals represent buspdetures. Actual

departures are not shown because it is superfluongormation.
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arrives critically late, which causes it to start its nexttepuoute d, late. This late arrival/departure pair
causes bus 14 to be late for the rest of the day, orluintian catch up. Because the static schedule
} ev[S Z vP (& <p vSO0CU ¢]Sp S]} PUO SHOCUUCS}OoBE « Z po « E u%
While this is a simplified example, it shows the iréincies with a static bus scheduling system.
In the static Ride On schedule the scheduled departareshased on the scheduled arrivals.
From our focus group and personal communication withntpwfficials we learned about the layover
time associated with each route. There is a scheduled Eyiiwe after each route; the driver expects
this time to be for him or her to recover. After eachute the driver expects a minimum of 10% of the
route time to prepare for the next route. If a busiags early, it takes a longer layover before departing
on the next route. However, if the bus arrives lateerih is no recourse; the bus starts its next route

late. Operators are expected to give up part or all ofitfeyovers if the bus is running late.
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Quality schedules that meet both customer and operatiorexhdnds are essential for a
successful bus system. From analysis of the curyestems, we gathered that overly relying on static
scheduling is a weakness for Ride On. Static schedutesat account for seemingly random variations
in traffic patterns. To increase the effectiveness ofeRh schedules, a non-static bus scheduling
system needs be investigated.
4.3.2 A Scheduling Alternative: Dynamic Scheduling

Dynamic scheduling calls for the departures to be basethe actual bus arrival times, rather
than predicted values in static scheduling. The pridotythe scheduling becomes getting the next
route started as close to on time as possible. By fogusih the actual bus arrival time this scheduling
paradigm attempts to overcome the random variations in trafifev. Static Interlining already allows a
bus to change route identification throughout its run;n@ynic interlined scheduling simply changes how
a bus changes its identification. By using recent intiosa in computer networking to its advantage,
dynamic scheduling is a unigue solution to schedutliag addresses variable traffic patterns. If a bus is
o § He }( Z AC 3E ((] U 13+ VAR dE}ug( A}v[® vISZ E hat Alpo }A
route.

Dynamic scheduling would only differ from the statitieduling when something drastic occurs
8§} 8Z SE ve]3 v SAJEIX /( 00 Py «wu] 3@ JuB]¥P %0]«]PveCA}uo v[s ]J(( E
the preset static schedule. The benefits of dynamieddling come into play when the static schedule
can not longer be met. Traffic patterns vary on a taglay basis; dynamic scheduling would allow the
schedules to adjust to the swings in traffic flow. $mio an emergency auto-pilot on an aircraft or a

W% % E Zpd 8} <IC JA EU Cv u] * (ZSQo]EP(JABuD}vEP}lu EC }uVSC

Ride On.
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Advantages of Dynamic Scheduling

Scheduled

Actual

Figure 411 u}ve3SE S]}v }( Cv u] ¢ Z poldP (P4 ¢S i@ e same as Figure 4.3.

Combining dynamic scheduling with the concept of ilwéng would create a powerful tool for
Ride On. Figure 4.11 shows the same situation desciib&action 4.3.2. Bus 14 arrives late, yet route d
leaves as scheduled. This demonstrates the emphasis aaldmis arrival times. The busses arrive in
the same order they leave. In this example each laydnormalized to 10 minutes. Each route, a, b
and d, leave as scheduled. The customer has no kngeladything occurred, as customers have no
knowledge or concern for the physical bus numbersnfan operations standpoint, all the resources

are being used effectively, and routes remain on time.
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According to the County, a bus is on time if it 8da a certain window of tolerance of the
schedule. Specifically, this is one minute early amdnore than 5 minutes late. A graphical
representation of this window of tolerance is shown igufe 4.12. Dynamic scheduling normalizes bus
tardiness into this window. Busses running excessiate would get covered by busses running on
time or early. Layover times would normalize because tatgses would gain layover time and early
busses would lose layover time. Operators that losevay time may resent dynamic scheduling;
however operators that gain layover time will appreciatéJiltimately, having a more consistent,
dependable layover time is a value to operators. Whike iext route may not always start exactly on
time, analysis predicts more busses would be abledwgdewithin the window of being on time. Overall,
dynamic scheduling would allow Ride On to have bettbedule coherence.

Design of a Dynamic Interlining Scheduler

The engineering effort behind implementing a dynamieestuler would be a moderate
investment for the County government. A definitive vé@ment for a dynamic scheduler is the
construction of a bus network. Another important aspedtie algorithm used for dynamic scheduling.
These requirements are linked as depending on the dajaired for the algorithm, requirements for
the network change.

Scheduling Algorithms
The dynamic scheduler needs an algorithm to deternhioe to schedule routes. By default the

scheduler would follow the static schedule unless a dtasted to run very late. The system could use a
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scheduling algorithm as simple as a first-in, first-datk to a complex location based system. This
problem is analogous to computer process scheduliegetiding on the requirements of the target

system there is no right or wrong answer.

The simplest algorithm, first-in, first-out (FIFO3swsed in the example in Section 4.3.4. In this
algorithm, all that is considered is the arrival time of thes. No consideration to the location of
another bus is considered. This algorithm is simple,thedequirements for data collection and
network resources are minimal. There is ho mechanismguFIFO to determine how late another bus
may be. This knowledge is important when consideringtivér the dynamic scheduler should override

the static schedule. FIFO is simple to implement, bupBaity is not necessarily versatility.

Another algorithm is based on bus location. If the alganitibok the location of a bus into
consideration, the scheduler could preemptively dedidigt the next route of the bus will start late and
needs to be covered. This algorithm would requirerendata than the FIFO model. Thus, it requires
more advanced networking than FIFO. This algorithm cawdn tandem with FIFO; the location-based

algorithm could trigger the system to start using FIF@adyic scheduling.

The scheduling algorithm would contain advanced softwaitiem to dynamically manage Ride
On resources including busses and operators. Manyases and conditions need to be considered in
constructing this software package. For instance, if anatpe is only scheduled to work for another
half hour, the system can not schedule him to work anotheur. Writing the scheduling algorithm to

take account of human factors is important to be a realistlution.

While we have looked into various scheduling algonghthere is more work to be done in the
field of dynamic scheduling. While both location andZFiFased algorithms have their strengths, a
hybrid solution should not be overlooked. Finding test algorithm for dynamic scheduling would
allow it to vastly increase the consistency of Ride Otimas.
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Bus Network Design
Depending on the scheduling algorithm chosen, netweduirements vary. Simple algorithms

require a simple network, whereas complex algorithnguiee a more versatile network. There are
different models for a network depending on these veégments. Ideally, a cost effective solution could
be used to allow the county to implement dynamic sthkéng at an acceptable price point. A bus
network would be a powerful utility for Montgomery Cdyrwith many potential uses. Besides dynamic
scheduling, the county could implement other servitlest require communication. These services are

described in Appendix .

Figure 4.13 Bus Network Diagram

Figure 4.13 shows a theoretical representation of atetsvork. The network would be the
transport layer connecting all the busses and a schegderver. Bandwidth requirements of the

network are minimal, despite the low latency requirent&nThe network would use standard TCP/IP
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communication to communicate scheduling data. This is thedard protocol for the kind of network
needed for dynamic scheduling. Each bus would beassgmted by an IP address on the network, similar
to how each computer has an IP address on a LAN. A gkrval svould keep track of the status of

each bus and be responsible for executing the schedualigorithm.

Ideally, the server would be able to query each bus alitsistatus in real-time, be able to make
decisions based on that data, and send out route rolesusses. This kind of network could be created
based off a cellular network. This network would beengive as it would require a contract with a
cellular provider to provide network access for each inuthe system.

If a real-time bus network was not possible to implememt,alternative could be devised using
existing traffic network. Montgomery County is currgntipgrading its traffic signal network to a fiber-
optic network. This network uses TCP/IP communicaiiwhwould be compatible with the bus network
(Bill Corder, personal communication, 12/8/2008). Thhe bus network could piggy-back off the traffic
signal network. Wi-Fi hotspots could be created at kaffic signals, allowing a bus network to have a
handshake connection as it passes through. Duringhdnislshake process, the scheduling server would
P S u% S8 }v 8§Z § E}uS [ % &(tiME,uhe serveScold alsd Egnd data back to the
bus. This would allow the scheduler to make a scheduicision and relay that decision as the bus
reaches its final destination.

If a location-based algorithm was chosen, each bus woutd medevice to interface the existing
vehicle location system with the bus network. CurrefRige On busses have a vehicle location system,
but the data can only be retrieved at the end of the day, oo-demand. The software on the bus could
be written to interface the vehicle locator to the netwk accessible to the scheduling server. The bus
software would also interface with the operator notificatioonsole. Upon arriving at the station the
notification console would be used to inform the operatbout his or her next assigned route. Ideally

the software should be as lightweight as possible to mine hardware requirements for the bus.
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Dynamic Scheduling Sequence
The dynamic interlining scheduler follows a preditéadequence to accomplish its scheduling

goals. First, a bus notifies the scheduler to its immirarival on its final stop in the form of a schedule
request. The scheduler gets this request and comptitesest route for that bus to take. It considers
the amount of time left in the operators shift. It has geference for making the next route leave on
time, but considers that operators need layover time. Asatibed previously in Section 4.3.6, it could
guery the location of other busses in order to make aeia-depth analysis before making a scheduling
decision. After computing the optimal scheduling diexisit sends a response to the schedule request.
The response is relayed to the operator by way ofrtbéfication console on the bus. The notification
console would output both the route number and time ahrture to the operator. The time of
departure is important, because the route may not always be &dbleave exactly on time.
Further Research

Dynamic scheduling is an exciting opportunity for Momgry County. Dynamic scheduling is a
new philosophy for transit scheduling; therefore théseplenty of additional research to be done.

Cv u] * Z po]vP A}po (( 8 HeZ 1 &ho B $ EUEE ZQ % }% E 3}Ee- A}po
consistent layover times, they may be disconcertedhayfluid nature of dynamic scheduling. While still
covering the same shifts, the routes being coveredld vary dayto-day for operators. The County
Alpo v 8} JVA «3]1P & Z}A 3Z }%0 ®ES}&EJ}pvq]v %ojauvX
4.4 Summary

Our project successfully broke down a bus route intdradsable issues of bus boarding, traffic
signal wait time, and scheduling. We collected a fair amofi data on the metrics of bus boarding time
and traffic signal wait time, while also delving into thentan factor through a survey. We also
developed a detailed analysis of our innovative ideaywfasnic scheduling. These results and

subsequent analysis allowed us to create our recommendatfor Montgomery County.
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5. Conclusions & Recommendations
There is no magic bullet to solving traffic problefle only way to increase

performance in congested areas is to implement a corhensive set of improvements to the
system. Making enhancements across the system wikkase time performance and schedule
adherence. By implementing these recommendationdamer satisfaction will increase in

addition to putting Montgomery County on the forefitbof new transit technologies.

Fare Payments
Currentlya small percentage of Ride On passengers use the Smaystem. Because

paper transfers are being phased out on regional trasgitems, including Ride On, county
officials should take active measures to increase Snatdbage. We have found riders would
be more interested in using SmarTrip if there waargdr SmarTrip discount. Thus, we

recommend fares should be adjusted to entice userstitain SmarTrip cards.

Transit Signal Priority
Transit Signal Prioritization (TSP) has been knowave positive effect on transit

systems. Chicago and Los Angeles, as well as otmsitteauthorities have seen benefits with
TSP as well as having low impact on non-priority stiredtic. Our results showed in
Montgomery County there is a relationship betweeaftic signal delay and schedule
adherence. Poor schedule reliability is poor custoservice. In order to address the problem,
we recommend that Montgomery County perform deepesearch into Transit Signal
Prioritization, specifically looking at implementi@P at 29 intersections along Rockville Pike

as a pilot program.
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Scheduling System
Random traffic fluctuations negatively affect the R@e bus system. Dagp-day

variations in traffic patterns cannot be absorbed bg tturrent static interlining system.
Because of interlining, delays are cumulative througitthe day. By combining modern
computer technology with the concept of interlinidgontgomery County could pioneer a new
way of thinking about bus scheduling. This scheduhngvation will absorb some of the day-
to-day variances in traffic flow. Montgomery County slabbegin further research into

implementing a Dynamic Interlining Scheduler like bne described in Section 4.3.

Conclusion

d}P §Z GEU §Z + 3ZE& & }uu v 3§]}v-DAYEPIREEGOEUVEL[» Z] Kv
bus system. These recommendations scale from now aodtie future. SmarTrip usage needs to be
increased, likely by increasing the SmarTrip discaardgrder to maintain reliable boarding times as
paper transfers are phased out. In the near future, in otdemaintain schedule adherence along
Rockville Pike, Montgomery County should investigateiamgdement a pilot program of transit signal
prioritization. Lastly, in the further future, Montgomery @uy should investigate implementing new

technologies to facilitate dynamic scheduling.
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Appendix A - Sponsor Description
Montgomery County is located north of Washington, D.C.smdhwest of Baltimore

Maryland. Montgomery County has three major locations: Gaithegs Rockville and Silver
Spring. The county consists of 3 cities, 12 towns anitlages (Montgomery County Government,
2008). Most of the residents of Montgomery County liveiincorporated areas, the largest being
Silver Springs. Unincorporated areas have no formazfl lgovernment so they are not recognized
by the federal government as unique, individual distri@\s a result there are no definitive
boundaries of these areas so many of them overlap withamather in Virginia and Maryland.
The Division of Transit Services manages the transit syst&ontgomery County
(Montgomery County, 2008). The Divisions goal i % E } A ] v (( 3]1A ul& }( %op o]
transportatons GEA] e« Jv D}v3P}u EC }uVv3EC _U =« 3 § u mESZoldE u]e-]}v
website. The division of Transit Services is compo$éaur sections; three focused on the
operations of the Ride on system, and the fourth handlingratiee transportation matters.
The division plans, schedules and manages the Ride Osybtesn that consists of 243 county-
owned that operate on over 80 routes (Montgomery County &oment, 2008).
The Ride On system is highly integrated with other transivigiers in the area, including
the WMTA (Washington Metropolitan Area Transit Authority) arelMaryland Mass Transit
*CeS u[* D Z }uupsS E CEojmuter bsdsystems(Montgomery County Government,

2008).
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Appendix B- MCG 10-Year Plan
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Appendix C- Route Information

Route Number

Description

55 Highest Ridership in county, travels from GermantowiRtzkville
46 High ridership, stops at 6 Metro Stations, all alongkiitle Pike
16 Travels from Takoma to Silver Spring

20 Travels from silver spring to Hillandale
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Appendix F  Survey Questionnaire

We are trying to improve the Ride On bus system. The followingis\ey on the usage of the SmarTrip system in
Montgomery County.

Are you a regular user of Ride On busses? YES
NO

Are you aware of the SmarTrip card system? YES
NO

Do you currently have a SmarTrip card? YES
NO

Have you ever had a SmarTripdar YES
NO

Would you consider the use of a SmarTrip card? ESY
NO

SmarTrip users currently get a discount on bus sexgcepared to Cash users. If the SmarTrip card offeredemo

significant discounts, would you be more inclined toghase/use one? YES
NO

If yes, at what difference would you switch to SmarT@iftle the amount.

$0.20 difference $0.30 difference $0.40 diffexen$0.50 difference N/A

Do you think that everyone should have a SmarTrip2ard YES
NO

If you have any additional comments write them on the batkhe survey.
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Appendix H- Other Cities TSP Implementations

Brief Summary Chicago Los Angeles Vancuver

# Corridors Involved 1 9 2

# Intersection

Equipped 15 654 63

# Buses Equipped 125 283 28

Benefits 19-25% Averagel5% 40-50%reduction in travel
reduced travel | reduced running time variability. Resulted i
times time 23% shift from auto to

transit in corridor.

Impact on SOV's Studies show | Minimal No noticeable impact

little Impact

71






