OmnilLink

Case Study of Successful Flex Route-Capable
Intelligent Transportation System Implementation

Eric Bruun and Eric Marx

Potomac and Rappahannock Transportation Commission’s OmniLink
isanintelligent transportation system (ITS) assisted, hybrid publictrans-
portation service that permits flexible routing combined with the time
points of conventional fixed-route services. OmniLink promotes main-
streaming of a significant portion of the disabled population eligiblefor
paratransit under the Americans with Disabilities Act (ADA) while
reducing the cost of accommodating these passengers. State-of-the-art
I T Stechnology isused to accommodate passenger requestsfor off-route
trips(routedeviations). It givesan accept or reject decision to call-takers
whilethe caller ison the phone; schedules all pickups and drop-offs;
provides dispatcher oversight; conveys on-time performance and com-
municatesall other relevant infor mation between driver sand thecontrol
center; and incor porates passenger counting, navigation assistance to
the operator, vehicleinspection documentation, and other utilities. The
TS package includes full post-processing capability to support service
analysis and optimization. Initial service began in 1995, but full ITS
functionality wasachieved only in 2003 after the second procur ement
attempt. Theidentified monetary benefitsexceed monetary costsby awide
margin. This success can be attributed to more mature technologies, a
turnkey project contract model, and refined, firm specificationsbased on
both practical and academic experience. I TS configurations similar to
OmniLink’shavethe potential to solve several common bustransporta-
tion problemsin lower-demand ar eas. Examplesof benefitsincludefor-
going or reducing ADA par atransit costs, substituting for largebusesat
night, serving pedestrian-unfriendly streets, and probing for demand in
previously unserved areas.

Potomac and Rappahannock Transportation Commission (PRTC)
serves Prince William and Stafford Counties and the cities of
Manassas, Manassas Park, and Fredericksburg, Virginia. PRTC oper-
ates OmniRide and OmniLink bus services and Virginia Railway
Express (VRE) commuter rail services. PRTC's primary market is
weekday commutersto central Washington, D.C., the Pentagon, and
other major traffic generators. The commission is also responsible
for intracounty transit services. Whereas VRE serves dl five PRTC
jurisdictions, busserviceisoperated only inthe eastern Prince William
County and Manassas areas. Figure 1 isasystem map of PRTC bus
services.
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In the early 1990s, PRTC studied a proposed intracounty service
area that had no regular transit service, only demand-responsive
transportation provided by human service agencies. Thegrossdensity
of eastern Prince William County was about 2,700 persons per square
mileat thetime of the original servicedesign, with theoverall service
area having adensity of lessthan three persons per acre (1). Devel-
opment continues to expand into new areas. Most of the local bus
serviceareawasbuilt up in the post-World War 11 style of numerous
looping roads, cul-de-sacs, residential areas without sidewalks, and
large arterials that can be difficult for pedestrians to cross.

At about the sametime, the FTA had an Intelligent Transportation
System (ITS) Operational Test Grant program. In 1993, PRTC plan-
ners submitted aproposal for one of these grants. The proposal called
for aninnovative servicethat could addressthe needs of riderseligible
under the Americanswith DisabilitiesAct (ADA) for complementary
paratransit, aswell as other unmet service needs. The FTA awarded
PRTC agrant for procurement, testing, and evaluation of the ITS.

Thestudy eventual ly resulted in what isnow known as OmniLink.
The service design principleisto create fixed time points, aswith a
conventional route; to locate other fixed stops between them sparingly;
and to allow off-route pickups and drop-offs between al stops. The
bus operator need not return to the route at the point at which the bus
departed the route. The concept is shown schematically in Figure 2.
Some slack is added to the schedul e to facilitate deviations. If devi-
ations are not made, the driver isinstructed to slow down or to hold
at time points.

The number of minutes of slack varies by route and time of day.
On average, about 10 extraminutesare builtin. When PRTC started,
itsrough rule of thumb was a 25% cushion between time points. This
amount is adjusted based on ongoing operating statistics.

Thereare currently five such “flex routes’ or “route-deviation ser-
vices’: two in the western Prince William/Manassas area and three
in eastern Prince William County. The former operate hourly on
weekdays. The latter three use atimed-transfer, or pulse system, at
PRTC' sTranst Center and operate on 45-min headways on weekdays
(every 90 min on Saturdays). A map of one of the routes is shown
in Figure 3. The deviation corridor is % mi on both sides of each
route. Buses 30 ft (9 m) long are used, to maneuver off the main
arterials.

ITS PROCUREMENT: FIRST TRIAL

OmniLink services began in April 1995 using conventional manual
dispatching and manual call-taking for off-routetrip requests. Inthe
beginning, reservations required 24-h notice because call-backs
were needed to confirm pickup and drop-off timesand locations. In
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late 1997 the first component of the ITS system, the flex-route call-
taking and trip reservation system, was implemented. This system
provided automated trip booking that allowed confirmation of times
and locations while the caller was still on the phone and provided
the means to routinely accommodate trip requests up to 2 h before
departuretime.

During thisperiod, the true“high technology” elementsof thel TS
project were being developed and tested. The system was designed
to perform several functions: assist both customer service agentsand
dispatcherswith the acceptance or rejection decision process; provide
the dispatcher with up-to-date location information for each vehicle
viaGlobal Positioning System equipment; and automatically update
and transmit manifest information to drivers through a mobile data
terminal (MDT).

TheMDT performsseveral important functions, including relieving
the bus operator and dispatcher of the burden of voice communica-

tion for routine information; relieving the operators of the need to
update paper manifests by providing up-to-the-minute information;

monitoring schedule adherence for the benefit of the operator; and
transmitting the entire time and location record for each stopping
event and each block of work performed by the vehicle to the data
archives, for use in planning analysis and dispute resolution.

By mid-1998, full integration of the prototype I TS seemed immi-
nent, but the system’ s performance had never been fully satisfactory.

This map shows the areas where
LAKE OrnniLink local bus service is avalable.
R]])GE The solid, colored line indicates the

basic route OmniLink vehicles travel.
The shaded, colored areas indicate
how far OmniLink vehicles may travel
from the basic route (up to 3/4 mile) to
pick up or discharge passengers. See
the other side of this schedule for more
complete information on how 1o use
OmniLink services.
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Several chronic problems existed, perhaps the most important of
which was an unwieldy project management structure. The system
design required significant refinement and fine tuning because of the
first-time nature of itsimplementation. However, therewas no clear
way to assess the responsibility of individua contractorsfor making
changes or meeting timelines; thefirm hired by PRTC to managethe
project was not connected contractually to the companies developing
the systems. Another problem wasthat PRTC did not have accessto
amunicipal radio system. An awkward private radio system was
used for voice and data communication. In summer 1998, the radio
service provider went out of business, and the operations department
had no choice but to ceaseintegration and testing efforts. At the same
time PRTC—uwhich contracts all transportation services—switched
providers, and needed to focus significant attention on monitoring and
improving on-street operations. This resulted in an approximately
3-year hiatus, during which there was little project advancement.

An evaluation of serviceimprovements to the public, and of any
benefits and cost savings to PRTC, was to have been conducted as
part of thel TS Operationa Test, oncetesting and implementation were
completefor thefirsttrial of ITSinrevenue service. Thisevaluation
had to be deferred because full functionality had not been achieved,
but an independent evaluation of the partial system was conducted
(2). The report of the partial evaluation gives further details about
the ITS developed on the first trial and about the role the project
management structure played in the outcome.

ITS PROCUREMENT: SECOND TRIAL

Asaresult of their several yearsof experience, PRTC had made great
stridestoward perfecting flex-route operations without the benefit of
ITS. In 2001, PRTC wasready to prepare specificationsand procure
anew I TSsystem. But thistime, therewere severa advantages. First,
PRTC had afirm conception of how the system should function,
so their technical consultants could prepare a precise performance
specification. Second, thetechnology for computer-aided dispatching
and automatic vehiclelocation (CAD/AVL) had matured. Third, and
perhaps most important, was the use of aturnkey approach in which
the technical management firm had subcontracts with the system
development companies, eliminating many of the subcontractor
coordination issues that arose in the first attempt.

ThelTSthat currently supports OmniLink was designed specifically
for this precise application, but with the intention that it would not
be an orphan system but would contain features of interest to other
transit agencies. In thisway, vendorswould have an ongoing incen-
tive to support and improve their components. Features include full
CAD/AVL capability. All vehicles can be tracked on or off route,
and warning flags can be generated automatically using dispatcher-
selectable parameters. V ehiclesthat are x minutes behind or y minutes
ahead of schedule at the last time point or off-route trip address, or
are projected to be morethan zminutes|ate, aretypically selected. All
vehicles also are equipped with a covert larm. When an alarm is
activated, it appears on the dispatcher screen and produces an audible
siren until cleared. The polling rate for vehicle location is reduced
to every few seconds, instead of every 60 s.

Customer service agents enter off-route trip requests into the
scheduling software. Using the software, they can decide to accept,
reject, or select alternativesfor the requested trip while the customer
is on the telephone line. Requests for cancellations made while the
vehicleison-route are readily accommodated, with the cancellation
appearing on the updated manifest. On occasion, new requestsarealso
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accommodated in near real-time, but thisrequires discussion between
the dispatcher and customer service agents. Customers who have a
poor record of no-shows or cancellations can also be identified.

Bus operators, using aflat-panel, touch-screen computer display,
exchangeinformation with the control center on thelatest generation
of MDT. TheMDT isparticularly important for operating aflex-route
system because schedul e adherence must be monitored and the man-
ifest is updated continually. The manifest on the MDT is updated
automatically, with executed activities scrolling off the top of the
screen and future activities entering the bottom. Figure 4 showsthe
typesof activitiestransmitted to the manifest. At fixed stops, detection
of arrival and departure is fully automatic within a user-definable
range. Communications are often sent via predefined data messages
(for example, “no-show”). At off-route trip locations, the operator
must either push a button when departing or ask for permission to
depart if thereisano-show. Inthisway the system operatessimilarly
to many fully demand-responsive systems. V oice communications
are possible when desired, but are usually minimal.

Log-ontothe CAD/AVL systemrequiresauser ID. At the begin-
ning of the service day, a vehicle inspection check-off screen must
befilled out before the first run can be started. Thereis an optional
screen to enter passenger counts by type of fare and type of mobility
device (if any). A sample screen is shown in Figure 5. This can be
used on days designated for passenger-count sampling.

Theimportance of the capability for showing directional instruc-
tions on an electronic map was not understood during thetrial of ITS
procurement. Turnover of bus operatorswould proveto behigh, and
new operators tended to get lost frequently, significantly degrading
on-time performance and systemréliability. (Thisisnolonger anissue
at PRTC.) With the push of abutton, a map can appear that orients
the front of the bus toward the top of the screen. The recommended
instructions on where to turn are then easy to follow.

RareforaCAD/AVL systeminstalled in North America, the PRTC
system includes a postprocessing software package that can be used
for service planning. Other agencies historically had to develop their
own software at significant expense, or made limited use of their
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FIGURE 4 Features of flex-route manifest: first fixed-route stop
(F); one pickup (P), off-route trip; one time point (T), fixed-route
stop; one drop-off (D), off-route trip. The initial manifest
configuration was for a maximum of 10 activities; the current
configuration is for up to 20 activities.
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FIGURE 5 Boarding and alighting count screen.

archived data. Using the PRTC software package, atransit planner
without specia programming or database expertise can request aver-
age and standard deviations of running times between time points,
averages and standard deviations of passenger counts between seg-
ments, boarding and alighting counts, numbersand types of passengers
needing mobility aids, and so on. Thislevel of information, although
desirablefor any operation, isof particular valuefor flex services. The
system can be used to optimize slack times and deviation acceptance
rules, to select fixed stops, to identify bottlenecksthat causerecurring
delays, and to gather other data for planning route improvements.

The new CAD/AVL system has been in revenue service since
March 2003. In the testing period and during the first months of
operation, it experienced afew reliability problems, some caused by
mechanical connectionsand excessiveinternal vibration. TheMDT
was located directly over the forward engine compartment in buses
that haverecently been retired. Now theengineisin therear, and there
are no longer problems with heat and vibration. The MDT is now
almost always accessibleand, onthe basis of feedback from operators,
it has been well accepted by al of them.

The communications system has heeded changing again. With the
phasing out of cellular digital package data by the incumbent phone
company, the General Packet Radio Service system isnow used for
communications. In theory, only the modem within the MDT had to
be changed, but the opportunity was taken to install an even more
advanced processor and to separate the processor and modem from
theMDT screen, thus eliminating the potential connection problems
described earlier.

The Washington, D.C.—areatransit agencies are in the process of
installing aregion-wide smart farebox system, and PRTC expectsto
takeddlivery of itsboxesin 2006. Log-on to thisdevicewill be merged
with the MDT. The farebox will receive locational information to
append to its database, to analyze ridership patterns and eliminate
bus operator duplication of data entry.

FINANCIAL PERFORMANCE

Figure 6 showsadaily ridership history for al fiveroutes. It has had
asteady upward trend. There were about 667,000 ridesin FY 2005.
Onthebasisof theresultsfrom thefirst half of theyear, ridership will
exceed 700,000 in FY 2006. The slight downward turn in FY 2004
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FIGURE 6 Ridership history of OmniLink (3).

was not due to any service deterioration related to I TS implementa-
tion. Rather, it was the result of awork stoppage by operators of an
incoming contract management firm; afareincrease; and some data
errorsdue to manual dataprocessing difficulties, asthe | TS-assisted
service began without the postprocessing modulein place. The sub-
stantial increasein patronage that took placein FY 2001 wasdueto
expanded hours of operation. Before July 2000, service operated from
7:30 am. to 6:00 p.m.; beginning in July 2000, service expanded to
5:30 am. to 10:45 p.m., although headways were doubled for most
additional hours.

Thefarewasincreased from $0.75 to $1.00 in October 2003, and
transferswere eliminated. Compensating somewhat wastheinstitution
of a$2.25 all-day pass. Also recently implemented was an additional
charge of $1.00 for off-routetrips. The double farewasnot instituted
to maximize revenuethat can legally be collected under the ADA, as
it doesnot apply to the elderly or thedisabled. Rather, it wasinstituted
to encourage able-bodied users to walk to a bus stop. While devia-
tionswere not being abused, both passengers and bus operatorswere
frustrated by customers who could walk to the bus stop but chose to
request that the bus come closer. Few complaintswerereceived after
the surcharge wasimplemented, and the change has had the desired
effect of providing more off-route capability for thosewho need it most
(elderly, disabled, those who truly have along walk, etc.). Persons
who are capable and feel secure doing so tend to walk to the nearest
stop. InFY 2003 about 10.1% of ridersrequested deviations, and about
7.9% were actual riders. The difference was due to cancellations,
no-shows, and the occasional rejected offer of accommodation. After
the fare increase, the corresponding figures dropped to 8.1% and
6.5%. The route can be readjusted in accordance with demand, if
deviations prove to be concentrated at particular locations.

Asshown in Figure 7, this service has a respectable average pro-
ductivity given the low density of the operating area and the long
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FIGURE 7 Productivity history of OmniLink (3).
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headways. Average passengers per vehicle service hour across all
five routes have ranged from 12 to 14 passengers per hour the past
three fiscal years. As of the first half of FY 2006, the figure has
climbed to more than 15 passengers per hour. The averageswould
no doubt be somewhat lower if the service operated on Sundays. It
isinteresting to notethat productivity actually increased when service
hours were expanded—an indication of how much latent demand
existed. The productivity lossin FY 2004 is another manifestation
of the strike and the fare increase, but it hasrecovered in the current
fiscal year.

Due to demographics and operating environment, the three eastern
routes perform significantly better than those to the west (17 passen-
gersper hour versus eight for FY 2005). Specifically, the density is
lower in the Manassas area. That areais also bisected by a major
roadway with asmany as nine through and turn lanesto cross, making
it less pedestrian friendly and increasing running timesfor off-route
service. Additionally, headways arelonger at 1 h, evenin the peak
period, and they do not pulse as they do on the eastern side.

The OmniLink budget was approximately $3.5 millionin FY 2005.
Theoperating cost per hour for the current fleet of 30-ft-long midibuses
isabout $84 per revenue hour in FY 2006, and the farebox recovery
ratio isabout 12% (15% in the east and 7% in the west). But the cost
cannot be compared directly with costs of other public agenciesinthe
National Transit Database because OmniLink is a contracted oper-
ation. A few minor additional overhead and supply costs are borne
by PRTC asjoint costs with their other operations and therefore are
not included in this estimate. Note al so that the revenue hour cost is
the same for al PRTC services, about 60% of which are commuter
express trips with around 50% deadhead time.

BENEFIT-VERSUS-COST ANALYSIS

PRTC was awarded a one-time competitive grant from the FTA of
approximately $1.3 million for thefirst trial of ITS procurement. It
would not have been economical for PRTC to pay the entire ITS
development cost itself, because the costs would have been spread
over too small afleet. However, the second trial wasfully funded by
PRTC and state of Virginiafunds at an additional one-time capital
cost of about $500,000. This was sufficient to develop the new sys-
tem and equip 19 vehicles, plus spares, training equipment, and one
dispatcher workstation.

Itisnot possibleto do aprecise cost-versus-benefit calculation for
theimplementation of the | TS-assisted version of OmniLink. PRTC
isamoderate-sizeagency, inwhich I T support, maintenance, planning
staff, and management all have multiple responsibilities among the
variousoperations. The best estimateisthat 20% of one person’ stime
must be dedicated to administering the ITS, and 3 h of training are
needed for new bus operators. The additional annual |abor by elec-
tronics technicians and mechanics on board buses has not required
additional staff. The best estimatefor the value of time used by senior
staff during the specification, procurement, and project oversight
phasesis atotal of 1 person-year among several individuals, for a
fully loaded one-time cost of $200,000. The consulting contracts for
assistancein specification, procurement, and project oversight totaled
$60,000. The CAD/AVL lifeis estimated at 12 years, or about the
same asthe buses. At aminimum allowable rate of return of 7%, the
amortization is about $63,000 per year. Similarly, the senior staff
costs can be amortized with the same interest rate and system life at
$25,000 per year and the consultant costs at $7,500 per year. Added
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to these is the software and hardware service contract of about
$25,000 per year.

The number of dispatchersisunchanged between fixed-route and
flex-route operations. A case could be made that the cost of customer
service agents should be included because they are not required for
traditional fixed-route services. However, doing so would probably
overstate the cost. First, most agencies need people to provide cus-
tomer information. The ITS hasimproved the productivity of the
customer service agentswho take reservationsto the degreethat they
can perform the customer information role as well. Second, should
PRTC have chosen to provide pure demand-responsive ADA para-
transitinstead, it may well have had to hire customer service agents,
or pay an additional feeto the contracted operating firmto provideit.

Balancing these liabilitiesisthe obviation of the need for ADA
paratransit. A close estimate of the ADA-eligible demand using pure
demand-responsive paratransit would require a separate research
effort, but areasonable range can be estimated. Given a2004 pop-
ulation in the OmniLink service area (Prince William County) of
336,000 persons (4), alow estimate of monthly demand would be
2,000 riders and a high estimate would be 4,000 riders per month.
These compare with an average of about 4,375 off-route deviation
requests per month based on the current request rate of roughly 7% (3)
of all trips, but this also includes an uncertain, but relatively low
number of able-bodied people. Based on the productivity of the
adjacent demand-responsive services provided under contract to the
Washington Metropolitan AreaTransit Authority (WMATA) of about
1.5riders per vehicle-hour and WMATA'’ s corresponding fully allo-
cated cost of $54 per contracted vehicle-hour (5), the avoided cost
would range from $840,000 to $1.68 million per year.

Also contributing to the offset isthe obviation of the need for man-
ual passenger counts, travel timeanalyses, National Transit Database
statistics, and other tasks performed automatically by the ITS. This
is estimated to save about 1 person-year annualy, at afully loaded
cost of $100,000.

The cost-versus-benefit accounting is summarized in Table 1.
Based strictly on monetary costs versus benefits, the ITS far more
than covers its expenses when all annualized costs and benefits are
summed agebraicaly. Theresultsare compelling, even whenthemin-
imal ADA-€eligible demand is assumed. An additional $840,000
to $1.68 million per year added to $3.5 million would be a major
increase in operating costs, amost 50% more if the higher demand
isassumed. Theresults are also robust, because even mgjor errorsin
cost assumptionswould not close the gap between benefitsand costs.

Thenonmonetary benefitsal so must be added. Therearesignificant
benefits both to the agency and the ridership.

Thequality of life of the bus operators, dispatchers, and customer
service agentshasimproved at PRTC. Thisprobably contributesto the
lower turnover of staff once I TS became operational. OmniLink has
also presented an image of PRTC as a progressive, technologically
advanced transit agency to the community.

Certainly, those people who have been mainstreamed into society
with thisservice, or who have otherwise needed the deviations, have
benefited, although this cannot readily be translated into monetary
terms. It does not appear that the extra time needed for the devia-
tions has decreased satisfaction by therest of theriders, either. PRTC
performsrandom on-board surveysthreetimes per year. The survey
conducted in September 2005 resulted in 82% of ridersrating over-
all servicequality “excellent.” The previousyear, satisfaction was
72%. 1t should be noted that although thiswas about 1 year into ITS-
assisted operations, the I TS cannot take al the credit. Driver stabil-
ity had improved substantially following a new operating contract,
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TABLE 1 PRTC's Estimated Annual Incremental Costs and Benefits

Incremental monetary costs (annualization factorsi = 7%, n = 12 years)

Annualized CAD/AVL investment $63,000
cost ($500,000)
Annualized cost of senior staff time for $25,000
specification, procurement, and oversight
(1 person-year at $200,000)
Annualized cost of consulting assistance $7,500
Software and hardware maintenance contract $25,000
Senior IT staff person (20% time) $40,000
Operator training (3 h per year) negligible
Vehicle onboard equipment maintenance negligible
(no extra staff)
Total $160,500
Incremental monetary benefits
No separate ADA paratransit (20004000 $840,000-$1,680,000
trips/month, 1.5 passengers/h, $54 per
vehicle-h)
Reduction in planning staff (1 person-year) $100,000
Total $940,000-$1,780,000
Nonmonetary benefits
ToPRTC
Increased satisfaction of staff (dispatchers, operators, and customer
service agents)

Progressive image of PRTC within community

To theridership
Disabled riders mainstreamed into community

Able-bodied riders receiving curb-to-curb service upon request

Increased rider satisfaction (only partly attributable to flex-route
concept)

and new buses had just been introduced. Theresults before all these
changes, in spring 2003, were a58% rating. Over the same period,
on-time performance“excellent” ratingsimproved from 36% to 48%,
then to 60%.

Itisfair in acost—benefit evaluation to ask how this servicewould
comparewith atraditional service using shorter headways. The cost
of service would not change because slack time isintroduced. The
service span on any particular route would remain the sameregardiess
of whether traditional fixed-route or flex-route service is operated.
Thus, the comparison should assume an equal operating budget
under al options.

Ideadlly, if PRTC were big enough, one way to make acomparison
would be to run two separate operations in two areas with similar
characteristics. Without actual operating results from such acom-
parison, however, the eval uation would be based on speculation.
PRTC could perhaps operate 35-min headways in an unreliable
manner instead of 45 min, but this would require running nonclock
headways and eliminating a pul sed scheduling system. On the other
hand, 30-min headwaysto retain the pul sed schedule would require
sometype of servicereduction, either truncation of all routesor elim-
ination of one route. Either possibility would cause ridership losses
that would offset increases attracted by shorter headways.

Local suburban busservices(i.e., not commuter or rail feeder) often
have difficulty attracting choiceriders. OmniLink ridership isprob-
ably inelastic to frequency, but clearly is sensitive to area coverage
and service span, because people cannot ride a bus that does not
come by. PRTC began with a budget sufficient for only 10.5 h per
day and only expanded to 17 hin 2000. To pay for complementary
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pure demand-responsive service, PRTC might have had to lengthen
headways from 45 min, instead of shortening them to 30 or 35 min.
Thus, PRTC initially judged that route deviation was the |east-bad
alternative.

APPLICABILITY OF FLEX ROUTING
TO OTHER LOCATIONS

Flex-route services might be applicablein any serviceareain which
there is moderate demand (fewer than 20 passengers per hour) and
wherethere areimpedimentsto walking to fixed-route stops. Thisis,
infact, acommon situation in many post—-World War || U.S. suburbs.
However, street layouts with only one entrance and exit point to the
arterial on which the route is located might require a prohibitive
deviationtime. Thus, the entire proposed service areawould need to
be studied in detail. It should be noted that pure demand-responsive
vehiclesa solose excessiveamountsof timein similar street layouts.
Whereas PRTC uses 30-ft (9-m) long buses, the maximum allowable
size el sawhere would depend on local community tolerance and the
turn radius required to negotiate the streets involved.

Service areacharacteristics and community acceptance areimpor-
tant. If service already exists, so do service expectations. The disabled
community might be wary of anew service, even one that promises
to mainstream many people. Riders of existing fixed routesmight be
wary of servicesthat are subject to delaysfrom off-route excursions.
During the planning of these services, outreach must include adis-
cussion of tradeoffs, and how the potential advantages offset the
potential disadvantages.

Flex-route service also can be used as a night replacement for
large buses. Smaller buses probably can maintain the same average
speed that |arge buses can during higher-demand periods, even with
dlack timeintroduced to accommodate deviations. Thisisdueto less
stopping during lower-demand periods and to the better maneuver-
ability and acceleration of smaller buses (6). These capabilitiesmight
be particularly attractive on routes on which passengers express a
reluctance to walk to and from fixed-route stops at night.

Finaly, flex-route services show specia promise as adevice for
probing demand. If there are areaswherelittle or no service hasbeen
provided to date, service can beinitiated based on the best estimate of
wherethefixed stops should be. Asdemand isreveal ed, high-demand
deviation |locations can become fixed stops. Should demand warrant,
theroute can evolveinto afixed route using large buses during high-
demand periods. Thesmaller bus can be redepl oyed to explore another
untested area.

See Koffman (7) for descriptions of other applications of route
deviation at agencies across North America, and descriptions of
other types of flexible services. Many of these applications could be
enhanced with ITS of equal capability to that installed at PRTC.

LESSONS FOR OTHER AGENCIES

PRTC received significant federal grant funding that has enabled
extensive research, development, and eval uation during thefirst round
of project implementation. Although the first round was not fully
successful, thelessons |learned set the stage for subsequent success.
Furthermore, PRTC had afew highly dedicated staff memberswho
championed the overall project development. The tenacity to over-
come many implementation challengeswas an important component
of PRTC’ s success.
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Ultimately, thisFTA ITS Operational Test Grant must be consid-
ered asuccess. Asaresult of oneagency’ spioneering effort, an ITS-
sted flex-route implementation will cost lessto the next agency.
The specifications for a CAD/AVL system that is field tested and
reliable are now available as a starting point to follow-on transit
agencies. Maodificationsto the specifications should be limited, as
these can increase project risk and will require vendorsto price using
arisk premium.

The $500,000 capital investment in the second trial was reduced
substantially from thefirst trial. Thereis every reason to expect that
costs can bereduced substantially even further. With massproduction,
hardware costs will decrease. The system integration will be more
straightforward at other agencies now that many questions requiring
testing have been answered and open architecture hardware—software
interfaces are becoming the norm. The largest uncertainty isin the
future of the scheduling and call-taking software. Asof thiswriting,
there are at most two vendors in North America offering suitable
software with flex-route capability.

It isbest to include the postprocessing package in theinitial spec-
ification. Onceit has been devel oped for one agency, it makes sense
for other agencies to order something similar. The costs to develop
such a package in-house or to hire a third party to develop such a
package would, no doubt, be much higher.

Thispaper mentioned that using aturnkey procurement washbelieved
to be central to successful implementation. This needs some elabo-
ration. The selected firm should have a project manager who acts as
asingle point of contact and who keeps abreast of all subcontractors
work. All timetablesfor achieving key milestones and for resolving
action items should be reached in mutual consultation with agency
staff. Inthisway, realistic rates of progress are maintained and ten-
sionisminimized. The contract with thisfirm should have aliquidated
damages clause or some other incentive toward project completion.
The contract should specify that all subcontractorsalso have anincen-
tive structure. Although this requirement might appear to the prime
subcontractor to be interference, the transit agency can reduce its
risk substantially. Subcontractors have the potential to disrupt even
the best-laid plans and intentions of a prime contractor. In the end,
atransit agency should still allow for project delays with generous
installation and testing schedules. There are always unforeseen
delays, some of which may be beyond the control of either agency
or contracting firm.

Theentire CAD/AVL system combined with the hybrid scheduling
software would qualify as a capital investment item rather than an
operating expenditure. However, therewill be ongoing maintenance
and support costs. Whether it isnecessary to hire additional staff for
hardware maintenance and I T support will depend on the agency.
An additional person was not required at PRTC, but it was neces-
sary toraisethe knowledge level required of the I T support staff and
maintenance staff.

Thetotal timeinvolved in project management and devel opment
from staff during the specification, procurement, and implementa-
tion phases can be substantial. Allowances should be made in staff
work responsibilitiesand annual staff budgetsuntil the I TS becomes
operational and used routinely.

PRTC was ableto use astand-alone system becauseit did not have
separate paratransit and fixed-route divisions. However, many transit
agencieshave separate CAD/AVL systemsin place. At agencieswith
existing demand-responsive CAD/AVL, the supporting I T infrastruc-
ture and software must be adapted to receive the full benefits of a
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flex-route system. Specifically, to make adecision between assigning
atrip to aflex-route vehicle or to apure demand-responsive vehicle,
the scheduling and dispatching software for both services must share
arider database. (PRTC specified such asystem but has not tested these
capabilities because the agency does not operate a pure demand-
responsive service.) This database should include disabled riders
and any special needsthey have, aswell as other frequent requestors
of off-route trips. Furthermore, dispatchers should be ableto see all
vehicles operating in a service areainstead of having separate dis-
patching for demand-responsive and flex-route operations. These
enhancementsmay, infact, require acquisition of acombined software
package from one vendor. However, such modifications to existing
installations are less complicated than acquiring an entirely new
CAD/AVL system.

Theincreased software complexity and compatibility issuesrai sed
by hybrid services have some offsetting benefits. Rather than main-
taining two different types of dispatcher stations and on-board equip-
ment for the fixed-route and demand-responsive services, the same
software, spares, and maintenance practices would be usable for the
entire fleet.

A flex-route service can betriedin apilot area. But it would require
adedicated subfleet equipped with stand-al one on-board equipment
andtraining of driversassigned specifically tothisservice. The PRTC
experienceclearly showsthat it would al so require an outreach effort
to usersin the service areato explain the nature of this service. Flex
routes cannot be tested on a casual basis; if the outreach is not ade-
quate, thenthetruelevel of publicinterest and effectivenesswill not
be discovered.

PRTC did not haveto worry about organizational divisionsbecause
it had no demand-responsive operations prior to OmniLink. But to use
flex routeto itsfull potential, there must be a blurring of the distinc-
tion between transit and paratransit. New productivity indicatorsthat
track performance of the combined, hybrid operations should be
considered. These should be able to demonstrate to the agency that
implements flex services whether any reduction in fixed-route pro-
ductivity due to the deviations is compensated by |ower paratransit
costs or by better service to the public.
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