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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to meet mobility,
environmental, and energy objectives place demands on public
transit systems. Current systems, some of which are old and in need
of upgrading, must expand service area, increase service frequency,
and improve efficiency to serve these demands. Research is
necessary to solve operating problems, to adapt appropriate new
technologies from other industries, and to introduce innovationsinto
the transit industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the transit
industry can develop innovative near-term solutions to meet
demands placed on it.

The need for TCRP was originaly identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on astudy sponsored by the Urban Mass
Transportation Administration—now the Federal Transit Admin-
igtration (FTA). A report by the American Public Transportation
Association (APTA), Transportation 2000, also recognized the need
for local, problem-solving research. TCRP, modeled after the
longstanding and successful National Cooperative Highway
Research Program, undertakes research and other technical activities
in response to the needs of transit service providers. The scope of
TCRP includes a variety of transit research fields including plan-
ning, service configuration, equipment, facilities, operations, human
resources, maintenance, policy, and administrative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermoda Surface Transportation
Efficiency Act of 1991 (ISTEA). On May 13, 1992, amemorandum
agreement outlining TCRP operating procedures was executed by
the three cooperating organizations: FTA, The National Academies,
acting through the Transportation Research Board (TRB); and
the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA.
TDC isresponsiblefor forming the independent governing board,
designated as the TCRP Oversight and Project Selection (TOPS)
Committee.

Research problem statementsfor TCRP are solicited periodically
but may be submitted to TRB by anyone at any time. It is the
responsibility of the TOPS Committee to formulate the research
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels and
expected products.

Once selected, each project is assigned to an expert panel,
appointed by the Transportation Research Board. The panels prepare
project statements (requests for proposals), select contractors, and
provide technical guidance and counsel throughout the life of the
project. The process for devel oping research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activ-
ities, TCRP project panels serve voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on
disseminating TCRP results to the intended end users of the
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit practice,
and other supporting material developed by TCRP research. APTA
will arrange for workshops, training aids, field visits, and other
activities to ensure that results are implemented by urban and rural
transit industry practitioners.

The TCRP provides a forum where transit agencies can
cooperatively address common operationa problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD

By Gwen Chisholm

Saff Officer
Transportation Research
Board

TCRP Report 98: Resource Requirements for Demand-Responsive Transportation
Services documents a methodology for determining the resources required (i.e., vehi-
clesand vehicle service hours) to provide demand-responsive transportation (DRT) for
different levels of demand and different levels of service in a given service area. For
the purposes of this research, DRT was understood to include point-to-point services
and not point-deviation and route-deviation services. This report is accompanied by a
softwaretool on CD-ROM (CRP-CD-40) that can provide apreliminary estimate of the
number of vehicles required for a new or modified DRT service. An instruction man-
ual for software use is aso included on the referenced CD-ROM. This report may be
used by transportation planners and human service transportation providers in assist-
ing with estimation of vehicle resource requirements.

DRT, which is currently provided throughout the United States as specialized
transportation for older persons and persons with disabilities, is also provided to the
general public, particularly in areas with lower population densities or lower levels of
demand. Despite the widespread availability of these services, there is no generally
accepted procedure for determining the resources required to serve different levels of
demand or to provide different levels of service in a specific service area. Resource
requirements for fixed-route, fixed-schedule public transportation service are deter-
mined either by demand (e.g., peak-load-point volumes) or by policy (e.g., 30-minute
headways in midday hours). Once the route and service frequency are established, it
is relatively easy to compute the resources required to operate fixed-route, fixed-
schedule service (i.e., driver pay hours, vehicle-miles, vehicle-hours, and number of
buses). However, for DRT, the problem of estimating resource requirements is far
more complex.

This report documents the supporting research and development of a model for
roughly estimating the number of vehicles needed to operate a DRT service. The
accompanying software can be used for theinitial planning of new DRT servicesor for
the expansion of existing services.

For thisreport, researchers at Northwestern University described and assessed cur-
rent methods used to determine resource requirementsfor DRT. Theresearch team also
investigated the parameters and methodologies used by other industries for determin-
ing their resource requirements by service area and assessed the applicability of these
methodol ogies for determining resource requirements for DRT. After developing a
methodology for estimating resource regquirements for DRT, the research team tested
and validated the methodol ogy.
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RESOURCE REQUIREMENTS FOR

DEMAND-RESPONSIVE TRANSPORTATION SERVICES

SUMMARY

A review of approaches for estimating the number of vehicles needed to provide
demand-responsive transit (DRT) service found no consistently used formal tools or
models. The general strategy for fleet planning for spatially distributed on-demand ser-
vices—including public transit, emergency services, and private services such as express
package delivery—isto divide estimated demand for service by estimated servicerate.
For example, trips per day would be divided by the number of trips one service unit—
avehicle, in this case—can complete in aday. The challenge is to develop good esti-
mates of both demand for service and service rate, a difficult task because of the vari-
ety of factors affecting both of these variables.

Statistical analyses of public-transit and human-service-agency DRT servicesin the
United States, as well as a survey of these DRT providers, show the anticipated strong
positive correlation between trips demanded and fleet size. Other factors of importance
are service area size and trip duration, which tend to increase fleet requirements as they
increase (positive correlation). Two more important factors are population (trip) density
and vehicle productivity (related to many factors including types of riders carried),
which tend to reduce the size of the fleet needed asthey increase (negatively correlated).

Private-sector for-profit services use similar strategies for fleet sizing, and the same
factors are important. However, private firms tend to view vehicles as profit centers,
and thus they are less constrained by budgets and a desire to minimize fleet size. Fur-
thermore, they tend to develop very reliable estimates of vehicle service rates, which
help ensure the accuracy of their fleet planning process. Finally, private operators have
considerable flexibility to adjust fleet size (e.g., by leasing, reallocating, or borrowing
vehicles in response to short-term demand fluctuations).

For all operators of demand-responsive service, the tradeoff between quality and cost,
when cost islargely driven by fleet size, represents akey decision variable. Thereisno
optimal fleet size, and spending more resourcesto increase the fleet size will either serve
alarger fraction of the market or serve the same market at a better service quality.

Based on these findings, a software tool (NU DRT) was developed to produce a
rough estimate of the fleet requirements for DRT services (NU DRT and the User’s
Manual for this software are available on CRP-CD-40, which accompaniesthisreport).
Thistool was designed to show the tradeoff between fleet size and share of the market



2

served at a user-defined service quality level. It requires minimal user inputs, includ-
ing adefinition of the service area using Census 2000 geographic units, the type of rid-
ersto be carried, the capacity of the vehicle to be used, the hours of service, the size of
the pick-up and drop-off time window, the expected number of trips to be requested
each day, and other readily supplied parameters. The softwareis packaged with all nec-
essary U.S. demographic and employment data to apply it anywhere in the 50 states
and the District of Columbia.

Using data specificto the DRT service area, asimulation model synthesizesthe char-
acteristics of trip requests that are then assigned to vehicles. The number of vehiclesis
increased until all tripsare served, producing the tradeoff between vehiclefleet sizeand
trips carried. It is easy and efficient for the user to vary design parameters (e.g., hours
of service, vehicle size, types of riders served, and use of computerized vehicle sched-
uling) to explore aternative service designs in support of planning decisions. The tool
produces both numerical and graphical results to illustrate tradeoffs between service
and fleet size, as well as vehicle and wheelchair tie-down utilization. Summary statis-
tics (vehicle-miles, vehicle-hours, and so forth) are also calculated, allowing the costs
of aternative service designs to be estimated.

Sensitivity analyseswere conducted to test various applications of the NU DRT esti-
mation tool and to demonstrate its operation. Validation tests were conducted with data
from nine different DRT services operated in the northeastern Illinois metropolitan
area. Comparisons were quite good, and logical explanations could readily be found
for the few major differences between model estimated fleet sizes and the number of
vehicles currently in daily use.

NU DRT can be used for diagnosing existing DRT operations and for DRT fleet
planning for new services, when the replacement of fixed route service by DRT isunder
consideration. It can analyze areawide or “many-to-one” DRT services. Theflexibility
of the software, the user interface, and the limited data requirements will enable DRT
planners and managers in transit agencies and human service organizations to apply
NU DRT in awide variety of DRT planning applications.




CHAPTER 1

INTRODUCTION AND RESEARCH APPROACH

The objective of this project is to provide a tool to assist
planners of demand-responsive transit (DRT) services in
developing apreliminary estimate of the number of vehicles
required for a new or modified DRT service. The estimated
number of vehiclesisimportant for determining the approx-
imate cost of a service, for evaluating its feasibility, and for
developing a preliminary design of the service.

PROBLEM STATEMENT

The dominant type of passenger DRT servicesin the United
States are paratransit operations designed to meet the travel
needs of personswhose mobility islimited. Much of this ser-
vice is mandated by federal regulations that implement the
transportation provisions of the Americans with Disabilities
Act (ADA) of 1990 (1). Thistype of DRT service istermed
ADA-complementary service, and it is provided by transit
operatorsto complement conventional fixed routetransit ser-
vice that is not accessible to individuals who are disabled.
DRT is also offered in some communities as a travel option
for senior citizens, and it isincreasingly provided to the gen-
era publicinlow-density areaswhere fixed route transit can-
not deliver service of acceptable quality or cost.

The basic resources needed to provide any kind of transit
service are labor and vehicles. For services based on buses or
vans, adriver isneeded for each vehicle; therefore, costswill
be roughly proportional to the fleet size. For fixed route ser-
vices—typical bus or rail transit services—estimating the
number of vehiclesisreasonably straightforward. Under peak
conditions, vehicle capacity and the number of passengers
flowing past the maximum load point on the route establish
the frequency of service (or headways between vehicles, the
inverse of servicefrequency). The number of vehiclesrequired
on the route can then be readily determined from vehicle fre-
guency, the length of the route, and average vehicle operat-
ing speed.

In concept, therequired fleet sizefor aDRT serviceissim-
ply the number of tripsrequested during atime period divided
by the service rate, the number of trips a single vehicle can
servein that time period. However, it is difficult to estimate
the service rate for DRT because passenger origins and des-
tinations are spread out over abroad area, not clustered along
afixed route. Asaresult, the distancestraveled by DRT vehi-

clesand the passengers assigned to DRT vehiclesare not eas-
ily determined. To deal with this complexity, a simulation
software tool has been developed that first reproduces the
dispersed and variable pattern of trip origins and destinations
in a DRT market and then assigns enough vehicles to carry
those passengers at an acceptable level of service.

OVERVIEW OF THE SOFTWARE PRODUCT

Thisreport presents a software tool that produces a rough
estimate of the number of vehiclesrequired to operateaDRT
service. The software tool, NU DRT, can be used in the ini-
tial DRT service planning stages to provide an approxima-
tion of vehicle requirements to support feasibility analysis
and rough service design. By quickly providing an estimate
of the number of vehicles needed to serve a particular mar-
ket, thistool can support decisions about the costs and feasi-
bility of implementing anew DRT service, expanding an exist-
ing service, or replacing a fixed route service with DRT.

Given very basic descriptions of the DRT service areaand
markets, NU DRT performs astochastic simulation of week-
day trips for multiple days to reflect variability in trip mak-
ing. Trip characteristics for DRT riders are derived from
travel datain the 1995 National Personal Transportation Sur-
vey (NPTS) (2), 1990 and 2000 census data (3,4), a 1978 sur-
vey of the “transportation handicapped” (5), and published
paratransit plans (6,7,8). Service area origins and destinations
of DRT tripsare based on demographic information from the
“Census 2000 Summary File 1" (9) and the employment
datain“ZIP Code Business Patterns; 1998”" (10), which are
packaged with the software.

These trips are then assigned to DRT vehicles using vehi-
cle scheduling algorithmsthat mimic those used in practiceto
serve the trip demand with the smallest number of vehicles.
After scheduling vehicles, the operations of the DRT service
are stochastically simulated for the multiple days of service.
Theresultsof thisservice simulation are presented intheform
of tradeoffs between the number of vehicles operated and the
fraction of total demand served. Data on maximum vehicle
loadings during an average day of service are also presented.
Summary statisticsare al so calcul ated over the ssmulated days
of service to enable the DRT planner to estimate operating
costs and evaluate alternative service configurations.



NU DRT runs on personal computers utilizing current
Microsoft Windows operating systems. It does not demand
advanced computer skills or extensive data input. Because
the tool isreadily accessible to users, it supportsinteractive,
exploratory analyses of avariety of markets and service con-
cepts. Inputs required of the user are quite ssimple, including
the following:

 Definition of the areato be served, in terms of census-
designated places, county subdivisions, or tribal areas
(service areas must be within the 50 states and the Dis-
trict of Columbia);

 Definition of thetypesof riders(e.g., senior citizens, indi-
viduals whose mobility islimited, or the general public);

+ Capacity of the DRT vehicle to be used;

 Daily hours of service;

+ Service quality requirements; and

 Daily tripsto be carried.

TheNU DRT softwarerelies on the user to supply estimates
of demand expressed asweekday trips carried. Although DRT
demand estimation can be achallenge, particularly for anew
service, the software allows users to rapidly test a range of
demand estimates, giving planners a clear understanding of
the relationship between the number of trips carried and the
associated vehicle requirements.

Transit planners, consultants, and socia service agency
managersaretheintended usersof NU DRT. They would uti-
lize the software tool when considering expansions of exist-
ing DRT services or the implementation of DRT servicesin
new areas. NU DRT can also be used to estimate the number
of vehicles needed to replace afixed route servicewith DRT.
The package itself has modest resource requirementsin terms
of computing capability, user computer skills, and input data.
The computer time required to conduct an analysisisusually
quite short, measured in minutesrather than hours, except for
the very largest service areas. Simulating computer assisted
vehicle scheduling (in contrast to manual scheduling) requires
more computing time, and the increased time can be substan-
tial for large services. Estimating the vehicle requirementsfor
alarge metropolitan area DRT service with computer assisted
vehicle scheduling can take several hours or more.

RESEARCH APPROACH

The first step in the research approach was to carry out
background studies of current methods for estimating DRT
resource requirements and for planning implementation of
DRT services in passenger transportation and other indus-
tries. This was followed by a statistical analysis of existing
demand-responsive passenger transportation servicesto iden-
tify key factors associated with DRT fleet size. These back-
ground studies and factors guided the development of the sto-
chastic simulation model (NU DRT) that is the primary
product of this research.

This simulation model is designed to perform a prelimi-
nary analysis of the required vehicle resources. This rough
estimate of vehicle requirements helps determine the feasi-
bility of a service prior to investing time and resourcesin a
detailed implementation plan or setting up aprotocol to man-
age the day-to-day operations. This determination is critical
because the time and resources required to produce adetailed
plan and assemble staff to implement DRT services is con-
siderable and should not be invested in a DRT operating
scheme unlessit is capable of delivering the desired perfor-
mance for the available budget. Preliminary analyses pro-
duce results that are accurate enough to make a“go” or “no-
go” decision without expending substantial time and resources
on detailed data collection and analysis. The key to success-
ful preliminary analysisis matching the level of detail of the
model to the level of the decision to be made.

Chapter 2 summarizes background research that guided the
development of NU DRT. Additional, more detailed, descrip-
tions of these investigations are included in the Background
Document and Appendixes A, B, C, and D, available in the
Supplementary Documents folder on CRP-CD-40, which
accompanies this report. Chapter 3 presents an overview of
the NU DRT software, and sample applications are shown
in Chapter 4. The examples in Chapter 4 illustrate some of
the advanced features of NU DRT. Chapter 5 reports the
results of validation testing and illustrates the sensitivity of
themodel to variationsininput data. Chapter 6 reviews some
of the limitations of NU DRT and presents an agenda for
future research. In addition to the appendixes mentioned
above, CRP-CD-40 contains the NU DRT software itself, a
User's Manual, and all supplied data and default inputs.




CHAPTER 2
BACKGROUND RESEARCH

DRT passenger services have been used frequently in the
United States to serve the needs of people whose mobility is
limited and, in lower-density areas, the general public. In addi-
tion, there are many other kinds of demand-responsive ser-
vices for passengers (e.g., taxis and airport shuttles) aswell as
goods (e.g., express parcel delivery services, electronic com-
merce retailers of products delivered to businesses and house-
holds, and various repair and installation services). Although
there isaneed to estimate fleet requirements for planning all
of these services, no routine method for solving this problem
has evolved.

In the simplest terms, fleet sizeisafunction of the demand
per time period and the service rate (time to serve ademand)
per time period that can be expressed as follows:

demand per unit time

initial fleet size= —— : . -
vehicle service rate per time period

The challenge is to estimate the demand for service and ser-
vicerates, which vary across markets (types of passengers or
commodities carried) and geographic settings and are affected
by vehiclesize, operating strategies, and servicequality. There
isalso day-to-day variationin demand for service and in oper-
ating conditions that makes the problem even more complex.
Furthermore, the demand experienced will be a function of
actual service quality, and thus there is an ongoing equilib-
rium process that defines the required fleet size. Stated differ-
ently, fleet size can be expected to evolve as service is deliv-
ered and experienced and as demand responds to that service.

To understand how fleet size is determined and what fac-
torsinfluence it, the research team reviewed published litera-
ture, analyzed published DRT fleet size data, conducted aspe-
cia survey to probe a broader range of DRT providers, and
interviewed private-sector and nontransportation demand-
responsive service providers. Theresults of these effortsare
presented in detail in the Background Document included
in the Supplementary Documents folder on CRP-CD-40
and are summarized briefly in the following sections.

STATISTICAL ANALYSES OF EXISTING DRT
OPERATIONS

Multivariate regression analyses of DRT characteristics
and variables associated with fleet size were carried out

using adata set taken from the 1998 National Transit Database
(NTD) (11) and additional data on rural and smaller-city
providers from the Community Transportation Association
of America (CTAA) (12). These analyses were designed to
accomplish the following objectives:

1. Identify key local parameters that affect DRT service
characteristics to reduce the number of such parameters
to be supplied by users of the smulation tool (NU DRT)
to amanageable level.

2. Determine parameter default values for application of
the simulation when local data are unavailable, such as
when DRT operations are to be expanded into new ser-
vice areas.

3. Investigate the effect of the size of DRT operationsand
other operational characteristics on vehicle utilization.

Larger Urban Area Transit Agencies

Table 27 of the 1998 NTD includes all directly operated
and purchased demand-responsive services for larger urban
areatransit agencies. These demand-responsive data records
were first summed by agency, combining the operating sta-
tisticsfor directly operated and purchased service, aswell as
any additional recordsin Table 27 for service purchased from
private operators of 100 or more vehicles. After removal of
recordswith missing or questionablevalues, 357 NTD obser-
vations were used in the regression analyses.

The analyses were repeated for five roughly equal group-
ings of similarly sized agencies based on vehicles operated
in maximum service (see Table 1). Thisgrouping of agencies
reveals the effect of fleet size on regression results.

The relationship between the number of trips carried and
the number of vehicles operated was investigated using lin-
ear equations, with vehicles operated in maximum service as
the dependent variable and annual unlinked passenger trips
as the independent variable. The results are summarized in
Table 2. Thisregression model impliesthat the DRT vehicles
operated by aprovider are some minimum number (theinter-
cept values in Table 2) plus an additional vehicle for fixed
increments in the number of trips carried (the coefficientsin
Table 2 estimate the number of vehiclesadded per 1000 addi-
tional annual passenger trips).



TABLE 1 NTD transit agency categories

Vehicles Operated in
Maximum Service

Quintile  From To Observations
1 1 5 75
2 6 10 63
3 11 20 72
4 21 50 76
5 >50 71

The coefficient for tripscarried isalso interpreted in Table
2 as the approximate additional daily trips needed to justify
adding another vehicle. This restatement of the annual pas-
senger trips coefficientissimply theinverse of theregression
coefficient factored to daily trips, assuming 270 typical ser-
vice daysannually. Therelationships between vehicles oper-
ated and trips carried are reasonably significant, and thet sta-
tistics indicate that both the intercepts and coefficients are
statistically different from zero.

Both the r2 and t statistics show that the relationship
between vehicles operated and passenger trips is strongest
for transit agencies with the largest fleets. The large number
of trips required to justify another vehicle for smaller agen-
cies indicates that the number of vehicles operated is less
dependent on trips carried than it is for the larger agencies.
Theintercept values for smaller agencies are generally more
significant than the trips coefficients, whereas the oppositeis
true for agencies with larger fleets. This suggests that DRT
service areaand operating characteristics are relatively more
important in determining fleet size for smaller operators.

Analyses of Transit Agency DRT Service Area
and Operations Variables

To beginthese analyses, aset of variablesexpected to influ-
ence the number of DRT vehiclesin service was constructed
from NTD variables. These variables are the following:

1. Service Area Variables. Three service area variables
were investigated:

— Size of the DRT service area as reported in the tran-
sit profiles section of the NTD;

— Population density, determined from 1990 Census
data on population and service area size; and

— Dally trip density, which was obtained by factoring
the annual unlinked passenger tripsto daily tripsand
dividing by the service area.

2. Daily Hoursper Vehicle. Thisvariablewas cal culated
using annual vehicle revenue hours factored to daily
revenue hours and divided by the vehicles operated in
maximum service.

3. AverageTrip Duration. Averagetrip distancewascal-
culated by dividing annual passenger miles by unlinked
passenger trips. Average speed was determined by divid-
ing annua vehiclerevenue milesby revenue hours; then,
the average speed was used to convert average trip dis-
tanceto averagetrip duration. This measure reflects user
behavior, service area size, and the distribution of trip
origins and destinations in the service area.

4. Average Vehicle-Hours per Trip. To determine
average vehicle-hours per trip, annua revenue vehicle-
hours were divided by annual unlinked passenger trips.
This variable reflects average trip duration, vehicle
deadhead time without a passenger onboard, and the
average vehicleload factor (the average number of pas-
sengers onboard a vehicle).

5. Passenger Miles per Vehicle-Mile. This variable
reflectsthe vehicleload factor and the relative amount of
time spent by a vehicle with and without passengers.

These variables were used in regression analyses to evalu-
ate their effect on DRT fleet-sizing decisions. They werefirst
tested individually to determine their relationship with DRT
fleet size. Stepwise-type regression analyseswere then carried
out to see whether any of the variables significantly improved
the original regression relationships between vehicles oper-
ated and annual passenger trips. Detailed results of these sta-
tistical analyses are reported in the Background Document
provided in the Supplementary Documents folder on CRP-

TABLE 2 Regression of vehiclesin maximum service against annual unlinked trips

Coefficient Valuesfor
Passenger Trips Variable

Mean VehiclesPer Approximate
Vehicles Mean Annua Trips Intercept  Intercept 1000 Annua Daily Trips Coefficient Regression
Operated  Vehicles (1000s) (Vehicles) tdtatistic  Trips Per Vehicle tdtatistic — r® statistic
1to5 3.2 16.4 25 1.93 0.042 87 434 0.21
6t0 10 7.8 54.3 7.2 5.73 0.011 329 2.83 0.12
11to 20 15.0 78.0 13.2 4.82 0.022 166 2.90 0.11
21to50 32.0 147.2 23.0 3.53 0.060 61 6.38 0.35
>50 130.0 534.9 3.7 -0.07 0.249 15 15.9 0.79




CD-40. The most important findings for the development of
the NU DRT software are the following:

1. DRT service areasizes and service area popul ation den-
sities are highly correlated with the trips carried. Fleet
sizeincreases with service areasize and population den-
sity only when passenger trips carried increase as well.

2. Trip density is significantly and negatively associated
with fleet size. For a given number of passenger trips
carried, fewer vehiclesare required when the density of
tripsis higher.

3. Vehicle utilization, measured by daily hours per vehi-
cle, isalso significantly negatively correlated with fleet
size when used in combination with the number of daily
passenger trips. Fewer vehicles are needed to carry a
fixed number of trips when the vehicles are available
for use for alonger period each day.

4. Trip duration is significantly and positively correlated
with fleet size. When passengers must occupy the vehi-
cleslonger to maketheir trips, alarger fleet isrequired.

5. Similarly, the vehicle-hours per trip variable is signif-
icantly and positively correlated with fleet size when
combined with passenger trips. For a constant number
of passenger trips, additional vehicleresourcesare con-
sumed when the average total time required per trip
lengthens.

6. Thenumber of daily passenger-milesper vehicle, another
measure of vehicle productivity, issignificantly and neg-
atively associated with fleet size when trips are also

7

datafrom the CTAA website. After removing records miss-
ing one or more key variables and records for 2 taxi opera-
tors, 369 records remained for analysis. The data set was
stratified by type of agency (nonprofit organization and gov-
ernment agency) and divided into two fleet size categories
for the DRT vehicles operated (see Table 3).

Asin other analyses, regression models with fleet size as
afunction of the number of trips carried were estimated, and
theresultsare summarized for the four categories of rural and
smaller-city DRT providers in Table 4. These results have
some of the same characteristics as the regressions for the
NTD transit agencies. Providerswith smaller fleet sizes, both
government agencies and nonprofit organizations, again have
aweaker relationship between fleet size and trips carried than
larger agencies, in the sense that the decision to add vehicles
tothe DRT fleet islessinfluenced by an increase in the num-
ber of passenger trips carried.

The regression relationship estimated for nonprofit orga-
nizations with 10 or fewer vehiclesis practically insensitive
to annual trips carried. This relationship is of low quality
(shown by the relatively low r 2 statistic), and the coefficient
for annual passenger tripsis not significant at the 0.95 prob-
ability level.

TABLE 3 Rural and smaller-city DRT

¢ - : ) categories
included intheregressions. Fewer vehiclesare needed to
carry agiven number of tripswhen thisvariableislarge. Type of DRT Provider
Government Nonprofit
Rural and Smaller-City DRT Providers Fleet Size Agency Organization
Rural and smaller-city DRT providers that received fed- itfol\c,);/ﬁld% 132 jg
. . ICIES
eral 5311 grants during 1998 and 1999 were analyzed using
TABLE 4 Regression of fleet size against annual passenger tripsfor CTAA providers
Coefficient Values for
Passenger Trips Variable
Mean VehiclesPer Approximate
Mean Annua Trips Intercept  Intercept 1000 Annua Daily Trips Coefficient Regression
DRT Provider Vehicles (1000s) (Vehicles) tdtatistic  Trips Per Vehicle tstatistic — r®statistic
Government
Agency
1to10 4.1 36.3 32 1.36 0.025 160 7.32 0.23
Vehicles
>10 40.1 326.7 14.3 0.19 0.079 51 5.77 0.25
Vehicles
Nonprofit
Organization
1to10 5.8 30.0 52 181 0.020 198 1.94 0.09
Vehicles
>10 417 146.9 18.3 0.71 0.159 25 6.03 0.44

Vehicles




There are some distinctions between the regression models
for government agencies and nonprofit organizations shown
in Table 4. Nonprofit providerstypically carry fewer passen-
gers per vehicle than their government agency counterparts.
Thisis no doubt because nonprofit organizations are provid-
ing transportation for selected clients and transportation is a
service that is just part of their overall mission. Larger non-
profit organizations add vehiclesto their fleetswith increased
ridership at twice the rate of government agencies.

The effects of service area and operations variables were
evaluated for the rural and smaller-city DRT providers. The
data were not available on passenger-miles traveled, and
therefore the average trip duration and ratio of passenger-
miles to vehicle-miles could not be computed. The remain-
ing five variables—size of service area, population density,
trip density, daily hours per vehicle, and vehicle-hours per
trip—were evaluated in the same manner as for the NTD
variables. The regression results for the evaluation of these
five service area and operations variables, described in detall
in the Background Document, are largely consistent with the
NTD analyses. The regression results are the following:

 Larger vehiclefleetsare typically associated with larger
service areas.

» The positively signed rel ationship between population
density and vehicles operated can almost surely be
explained by the fact that more densely populated ser-
vice areas feature larger populations as well.

» Trip density is negatively signed when the regression
includes passenger trips, which again meansthat fewer
vehicles are needed when trips are clustered closely
together.

« Although the operations variables do not have statisti-
cally significant effects, thedirections of therelationships
suggest that the number of vehicles operated decreases
when the variable of daily hours per vehicle goesup. The
variable of vehicle-hours per trip is positively associated
with larger fleets.

* The operations variables are generally less important in
fleet decisionsfor rural and smaller-city agencies, and the
service area variables (area, population density, and trip
density) are typically more significant factorsin explain-
ing fleet sizing than the operations variables. Fleet sizes
for larger transit agency DRT operations depend moreon
the variables that reflect operating characteristics.

SURVEY OF CURRENT PRACTICE OF
DRT PROVIDERS

A national survey of DRT passenger transportation pro-
viders was conducted to gather updated market and operating
statistics and to explore methods and variables used in fleet

planning. The survey, discussed in more detail in the Back-
ground Document provided in the Supplementary Documents
folder on CRP-CD-40, was conducted by e-mail and distrib-
uted to more than 800 transit agency, rural and/or smaller-city,
and human service DRT providers. Nearly 100 completed
guestionnaires were returned.

Table 5 summarizes the survey responses to the question,
“When your organization originally planned its paratransit ser-
vice, or substantially expandsits service, how are the required
vehicles estimated?’ Multiple responses were permitted, and
the number of responses is greater than the number of pro-
viders compl eting the questionnaire. As shown in the Table 5,
judgment and past experience are most heavily relied on in
estimating vehicle requirements. Table 5 probably under-
states the reliance on judgment because the responses “ based
onsimilar paratransit operations’ and “used judgment or past
experience” are not very distinct from each other.

The questionnaire also asked, “What factors are or should
be considered in estimating vehicle fleet requirements?’ Ten
factors were suggested in the survey instrument, and the
respondent could add others. Figure 1 shows the number of
respondents selecting each listed factor. Budget limitations,
service areasize, and ADA requirementswere the most often
identified factors on the survey. Population, service quality,
and the location of special generators such as hospitals and
shopping centers also stand out, whereas service area shape
and remaining factors were less often cited.

When a specialized market—the elderly market or the
ADA-complementary market, for example—was a factor in
estimating vehicle requirements, respondents were requested

TABLES5 Reported methods of estimating DRT
vehicle requirements

Survey Response Number
Used mathematical or computer analyses 16
Based estimate on similar paratransit operations 28
Used judgment or past experience 78
Have not planned new service or do not know 9

Budget

Service Area Size
Service Area Shape
Population
Population Density
Trip Generators
Specialized Markets
Service Quality
Service Type

ADA Requirements
Other Factors

0 10 20 30 40 50 60 70 80 90
Number of Responses

Figurel. Reported evaluation of factors determining
DRT fleet size.



to describe how the market was estimated. About a third of
the 30 responses indicated that census data were the source
of the market estimate. The next most popular response cited
planning and human service agency data, and two human ser-
vice agencies made forecasts based on their client lists.

Table6 liststhe other factors mentioned by survey respon-
dentsthat influence, or should influence, fleet size decisions.
Together, these factors reflect characteristics of the demand
as well as (more implicitly) the service rates. It is apparent
that the relationship between some measure of demand and
some estimate of servicerateisoften astarting point for fleet-
sizing decisions, with the cost and budget remaining impor-
tant and perhaps dominant constraints.

PRIVATE-SECTOR DEMAND-RESPONSIVE
SERVICES

Several types of private and quasi-private firms deliver
demand-responsive services, including on-demand parcel and
servicedelivery firms(e.g., FedEx, United Parcel Service, the
U.S. Postal Service, and household product and service deliv-
ery firms) aswell astaxisand airport shuttles. These services
have the following featuresin common with DRT:

* Operationscan be" one-to-many,
“many-to-many” transportation;

* Pick-up and/or delivery within aprespecified service area
and time window is an important service feature; and

» Control of service quality and cost of operationsisessen-
tial for competitiveness and/or effectiveness.

many-to-one,” and/or

TABLE 6 Other factors affecting fleet-size decisions

Factors Cited by One or More Survey Respondents

Other public/private providersin service area

Politically sensitive areas

Size of population, frequency of trips requested, consolidation of trips requested

Hours of service, political considerations

Passenger type ratio

Percent of non-ambulatory (wheelchair) disabled

Natural barriers to movement of vehicles

Maintenance, vehicle storage capacity

Hours of employment or other programs likely to generate groups of riders

0. Service hours and back-up vehicles

1. Passenger demand yields service provision; demand ALONE will impact how many
vehicles you operate

12. Average trip distance, passengers per hour

13. Issues specific to the locality

14. Financia ability of passengersto pay

15. Growth factor of service area

16. Local match money available

17. Maximum capacity needs (i.e., estimated capacity needed per round trip)

18. Peak demand

19. Servicerequests

20. Whether thereiscity transit availablein area

21. Repair history by manufacturer(s)

22. Status of current fleet (age, mileage, etc.)

»wWwN e
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Private demand-responsive services differ from public
DRT in two important respects. operators intend to make a
profit on the service or at least to break even, and competition
isin terms of quality of service, price, or both. Thus, private
demand-responsive firms areinclined to add vehiclesto grow
their businesses and increase market shares. For ground vehi-
cles (which are relatively inexpensive), fleet-sizing decisions
arenot generally budget constrained. Thisisan important dif-
ference from public-sector DRT. Of course, private demand-
responsive firms are cautious about how they spend money to
acquire vehicles, but both their objectives and resource con-
straints makeit lessimportant to get aright answer to the fleet
size question at the point of startup.

Using the assumed basic fleet-sizing model, private
demand-responsive providers maintain comprehensive,
proprietary databases that allow them to estimate both
demand for service and service rates with considerable accu-
racy. Experienced, successful firmseventually develop highly
reliable methods for estimating service rates in new markets.
Importantly, fleet size adjustment iseasy for private providers.
Fleetsarereadily adjusted upward (by purchasesor leasing for
short-term needs) or downward (by divestment or reallocation
among service areas) to meet shifting demand and improve
utilization.

Service rates vary based on the nature of the service itself
(e.g. straight delivery, on-site service, and bill collection); cus-
tomer characteristics and location; spatial arrangement of the
service area; network configuration; congestion; and so forth.
Average values may beused or, if the distributional character-
isticsof serviceratesarewell behaved, queuing models can be
applied. In more complex cases, digital simulation may better
reflect the complex interrelationship among variables.

Tradeoffs between service quality and fleet sizearean inte-
gral part of the fleet sizing decision. Even if a single-valued
fleet size solution is derived from the quotient of the demand
for service divided by the service rate, service quality is
implicitly defined in the service rate. A requirement for a
higher servicelevel will reduce the service rate and therefore
increase the fleet size. Thus, planners must weigh service
quality against fleet size (and thus cost), no matter what the
setting. Thisis a problem that does not have a single-valued
solution, but rather a set of feasible operating points from
which the preferred service-cost combination is selected.

Small Parcel Delivery

Providers of small parcel delivery determine initial fleet
size by dividing some measure of the demand for service by
an average vehicle service rate, but these organizations use
their extensive experience base to develop highly reliable
estimates of both numerator and denominator. Because of the
typically strong seasonality of demand, the market size is
usually set somewhere above the off-peak (or base) demand
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and below the peak demand. This meansthat there may be an
excess of vehicles during the off season, and vehicles must
be added through leasing during the peak time. The mission
of such firmsisto serve all demand, and as demand grows,
the response may be to add vehicles proportionately and, in
some cases, to add service centers as well. This may shorten
the service time and thus maintain or improve vehicle pro-
ductivity (service rates). When providers of small parcel
delivery move into new service areas, they estimate demand
and service rate by analogy with currently served locations;
inradicaly different settings, they may conduct special mar-
ket surveys to assess demand levels.

Household Delivery Services

Household (and business) delivery services may be exten-
sions of primary businesses, bringing single, specialized
commodities on demand—office supplies, fast food, liquor,
and so forth. Other delivery services bring a broad spectrum
of products, notably groceries and household items, to the
customer’ s door on a prearranged schedule.

For example, Peapod is a grocery and household supply
delivery service offering Internet-based shopping and “one-
to-many” deliveries within precommitted time windows in
selected parts of the United States and the United Kingdom.
Because they deliver perishables and intend to serve busy,
tightly scheduled households, it is important for them to
observethetimewindows. Service quality istheir main com-
petitive advantage, and, therefore, having sufficient vehicles
in their fleets is essential. Peapod operates in carefully cho-
sen areas, where market potential isstrong and service can be
provided efficiently. They use the same simple heuristic to
guide fleet sizing: estimate demand, estimate service rate of
the vehicles, and compute the approximate number of vehi-
clesrequired. Usually vehicles are leased, which gives oper-
ators flexibility to adjust to demand.

Household delivery service providers, like other private
demand-responsive service providers, face the same chal-
lenges as public DRT providers, but their ability and moti-
vation to adjust fleet size are quite different. This difference
means that there isless pressure on them to devel op accurate
initial fleet size estimates.

Taxis

Taxisoffer passenger DRT on afor-profit basisand, there-
fore, might seem to provide a valuable model of private-
sector fleet sizing. However, most communities set an upper
bound on fleet size through government regulation rather
than direct measures of the market. The control of operating
licenses is used to manage taxi congestion at high-demand
locations (e.g., central business districts [CBDs| and airports)
while ensuring areasonable level of service elsewhere. These
licensing decisions are driven more by politics than econom-

ics. Problemswith low level sof serviceoften occur inwhat are
perceived to be low-income and dangerous neighborhoods;
thisis not because there are insufficient vehicles, but because
the largely independent drivers are motivated to avoid places
that they perceive to be dangerous and/or unprofitable.

Taxi franchise operators and their usually independent
drivers determine the number of vehiclesin service. Drivers
make their work-time decisions on the basis of the profit
motive, and the active fleet size at any time is the result of a
highly atomistic decision process. Taxi association owner-
managers are motivated to manage the size of the active fleet
(i.e., setting minimum levelsfor busy periods) to ensure some
reasonablelevel of service quality, but their control over driv-
ersis usualy limited. Within the limits of regulations, taxi
association owner-managers are motivated to |l et the fleet size
grow because ownership costs are dispersed and often shared
among several drivers. Every vehicle offers the potential to
generate revenue for its owners, and increased association
membership benefits central managers. These decentralized
incentives and decisions suggest that taxis are not a good
example of efficient and coherent DRT fleet sizing.

Airport Shuttle Services

Many airports are served by “many-to-one” specialized
shuttle services. Typical vehicles are large vans, and drivers
are usually independent contractors, much like taxi drivers,
who have substantial freedom in choosing working hours.
These services may be managed more centrally than taxis
because a single large firm often provides the service.

Asinthecaseof taxis, local governmentsusually set upper
bounds on the number of vehicles licensed to serve an air-
port. Minimum fleet sizeisbounded by adesireto offer com-
petitive service quality, which means short waiting timesand
sufficient capacity to meet peak loads. The airport shuttle
planning process includes the following steps:

» Measure aggregate airport access volumes (generally
publicly available);

+ Estimate taxi market share;

» Assumethat airport shuttles will take market share from
taxis (based on competitive service quality and price) and
then estimate market share based on analogous situations;

» Useaverage vehicle productivity (servicerate) estimates
to determine an initial fleet size; and

» Acquire vehicles and adjust the fleet size up or down
based on demand and the desire to keep service quality
high enough to sustain and grow that demand.

Taxisand airport shuttles are functionally similar, and their
fleet-sizing decisions are similarly driven by the market and
dispersed choices of drivers, with limitsimposed by the reg-
ulatory process. In both cases, there is considerable short-
and long-term flexibility in fleet size, and therefore decisions



about vehicleacquisition (or driver additions) arereadily made
and easily adjusted.

EMERGENCY PUBLIC SERVICES

Emergency public services (e.g., police, ambulance, and
firefighting services) are demand-responsive services for
which response time (service quality) can be critical to sav-
ing lives. There is extensive experience with such services,
and fleet-sizing decisions are well supported by data.

Police

Police provide services on a “many-to-many” basis, with
somevehiclescruising the streetswaiting for calls. Some vehi-
clesareassigned to specific service areas (beats), whereas oth-
ersmay be on more general assignments. V ehicles cross beat
and even jurisdictional boundaries in response to emergen-
cies, which allows fleets to be sized for base conditions and
uses mobility to handle local crises. Furthermore, calls for
service (CFS) vary intheir need for quick response, alowing
dispatchersto deal with peak demands by deferring or deny-
ing low-priority requests. This takes pressure off of the fleet-
sizing decision.

Police departments size their forces (personnel) first, not
the vehicle fleet. However, because most police services are
delivered from vehicles, there isa direct link between force
size and fleet size. Asin the case of public DRT, this deci-
sion is essentially always constrained by budgets.

The ratio of population size to number of sworn officersin
agiven locale is measured and reported annually by the Fed-
eral Bureau of Investigation. These ratios range from 1 to 4
police officers per 1000 inhabitants. These ratios are essen-
tially measures of service capacity (rate) and provide guide-
linesfor sizing aforce. Therangereflectslocal conditionsand
needs and implies a demand-supply equilibrium, which is
affected by budgets and local social values, as well as true
CFS-driven needs. More sophisticated police force planning
models use local data to refine estimates of both demand
(CFS) and service rate (call processing and response time).

Firefighting and Ambulance Services

The standard approach to sizing firefighting and ambu-
lancefleetsisalso to divide the demand for service by the ser-
vice rate, with both numerator and denominator adjusted for
the setting. For example, in a congested area, the market
(CFS) may increase disproportionately to the population
(perhaps as afunction of density) and inversely as a function
of income (fires are more common in low-income areas). Ser-
vice rate, including response time, will be affected by activ-
ity density, network structure, congestion, and, of course, the
number and location of stations. Fire agencies maintain
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detailed data on both CFS and service rates, which provide a
basis for supporting fleet-sizing and adjustment decisions.
As with police, resources for fighting fires are assigned to
service areas, but it is common practice to deploy resources
across jurisdictional boundaries to respond to emergencies.
Thismutual aid concept allows agenciesto sizetheir fleetsfor
abase demand and to share resources during major events.

BACKGROUND RESEARCH FINDINGS

Thereisastrong similarity in methods and factors used for
fleet sizing across private demand-responsive service pro-
viders and among private and public entities. The general
approach isbased on the rel ationship between demand for ser-
viceand servicerate. Thekey variationsin approachesare cen-
tered on the level of sophistication with which both demand
for service and service rate are estimated. Service rate char-
acterization may consider only simple averages, or it may
account for many factors in detail, using queuing models to
deal with uncertainty or simulation methodsto deal with spa-
tial and temporal complexity.

Inall cases, service quality isimportant because of compet-
itive pressures, regulatory requirements, or the human and
economic consequences of poor service (long responsetimes).
Service quality may be arequirement to be met or the outcome
of ademand-supply analysis given a proposed fleet size. The
task for the analysts and decision makersisto select aflect size
that balances resource costs against service quality.

There are anumber of important conclusions drawn from
these findings that guided the development of NU DRT, the
resource estimation tool presented in this report:

» Thereis much experiencein sizing DRT fleets for pub-
lic (nonprofit) and private-sector application that sup-
ports development of fleet planning tools.

* Private- and public-sector DRT fleet-sizing and manage-
ment problems differ in important ways; private-sector
applications have and use more flexihility to adjust fleet
size, which reduces the importance of accurately fore-
casting fleet size.

» Public agencies are likely to have budgets that are more
constrained, which forces examination of tradeoffsamong
service quality, fraction of the market served, and costs.

* Quality-cost tradeoffs are salient for private operators,
as well, but budget constraints are less important or
nonexistent.

» Thereisno commonly used closed-form model to deter-
mine DRT fleet size; instead, the general strategy for
fleet sizing isto estimate the demand for service and ser-
vice rates per vehicle and then to determine how many
vehicles are needed to meet the demand.

» More sophisticated and more accurate fleet size deter-
mination comes from using more realistic information
on demand for service and service rate as a basis for
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modeling fleet operations (scheduling and routing) to
get the most efficient use from each vehicle. The use of
better demand and service datamakesit morelikely that
fleet planning and management will be on or closeto the
efficient frontier, which means that the vehicles are
being used most productively to meet the demands.

The extensive experience with DRT meansthat thereisa
gresat deal of empirical evidence about demand and service
characteristics that can be used to guide future planning

andto providedefault measures of demand for serviceand
service rateswhen local data are poor or unavailable.

Tradeoff analysiswill still bethe strategy for making fleet-
sizing decisions. Finding ways to achieve the level of flexi-
bility common in private applications—through vehicleleas-
ing or sharing, for example—will be particularly desirableto
ensure that the public DRT fleet meets evolving demand at
reasonable cost.




CHAPTER 3
OVERVIEW OF NU DRT SOFTWARE

Background research examining DRT practice was the
basisfor devel oping the resource estimation tool, NU DRT, a
simulation model that runs on personal computers using cur-
rent versions of the Microsoft Windows operating system.
NU DRT relates the demand for DRT tripsto vehicle service
rate to devel op an estimate of the number of vehiclesrequired.
Although the user must provide the demand estimatein terms
of weekday tripscarried, NU DRT usesavariety of resources
and procedures to develop a very good estimate of service
times, taking into account such factors as the traveler type
mix, spatial distribution of activities, boarding and alighting
times, vehicle scheduling sophistication, geographic barriers,
and other factors. This is accomplished automatically and
with minimum input from the user.

NU DRT SOFTWARE MODULES

Given specification of a service arealocation within the 50
states and the District of Columbia and a general description
of the market to be served, NU DRT first smulates the spatia
and temporal pattern of daily trips for a sample of days large
enough to be representative. Thesetrips arethen assigned to a
fleet of vehiclesthat isgradually increased in size until all of
the demand is satisfied. The software then reports perfor-
mance statistics. Figure 2 shows the mgjor elements of NU
DRT, and these are discussed in more detail below.

Four principal software modules control the operation of
NU DRT. These are the following:

1. TheUser Interfaceallowsthe user to defineaDRT ser-
vice area in terms of Census 2000 geographic units,
definethe operationa characteristicsof the DRT service,
and specify the types of riders and number of weekday
trips to be served. It also controls the display of graphic
and text output at the completion of the calculations.

2. TheTrip Simulation allocates acensusblock group ori-
gin and block group destination to every trip. It aso
selects trip departure and arrival times. The simulated
weekday trips reflect the types of ridersto be carried, the
proposed hours of service, and the location of house-
holdsand employment trip attractionsin the servicearea.
Multiple sets of daily trips are simulated to ensure that
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the final results are reasonably representative of aver-
age weekday trip patterns.

3. The Trip Scheduler prepares daily vehicle itineraries
of trip pick-upsand drop-offs. In assigning tripsto vehi-
cles, the trip scheduler simulates the common practices
of vehicle scheduling carried out by operators of DRT
fleets. After scheduling trips, the DRT Service Simu-
lator stochastically simulates a day of DRT service by
taking into account random factors that affect vehicle
travel timesand passenger boarding and alighting times.
Trips are scheduled and the DRT service simulated for
the multiple days of trips, again for statistical reliability.
Results from thisfinal software module are passed back
to the User Interface and Summary Report Genera-
tor for analyses and presentation.

4. The Summary Report Generator produces atable of
standard DRT service performance measuresfor selected
percentages of trips served.

NU DRT SOFTWARE OPERATION

Because the underlying strategy for NU DRT isto provide
the user with tradeoffs between level of serviceand fleet size,
the performance of the DRT service, measured as afunction
of demand fulfillment, is estimated as a function of the num-
ber of vehiclesin the fleet rather than the number of vehicles
required to serve a specific level of demand. The following
high-level algorithm describes how this occurs:

1. Given the number of DRT trips demanded daily, multi-
ple sets of weekday trips are generated with the charac-
teristicsof every trip assigned through Monte Carlo sim-
ulation. Each synthesized trip includes desired pick-up
and drop-off times; origin and destination block group
centroid coordinates; service requirements (whether the
passenger uses a wheelchair, requires an attendant, or
two persons aretraveling together); and information on
whether or not the trip is subscription eligible (arepet-
itive trip that has a standing order for service).

2. For each smulated day of service, the Trip Scheduler
schedules and routes vehicles by using an a gorithm that
adds one vehicle at atime until all daily trip demand
is satisfied. Computer assisted vehicle scheduling is
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Figure2. Schematic diagram of major elements of NU DRT.

approximated by extending the algorithm to adjust the
initial vehicle schedules. Wheelchair and subscription
trips also receive scheduling priority in the algorithm.

3. Given aschedule and routes, the Service Simulator sim-
ulates the actual delivery of service with vehicle travel
times and passenger boarding and alighting times ran-
domly distributed around realistic mean values.

4. Performance measures are aggregated across all syn-
thetic days of service to obtain statistically significant
estimates of the various level-of-service measures.

This approach is computationally more efficient than run-
ning a distinct simulation experiment for each possible fleet
size because it allows entire performance response functions
to be constructed from a single set of experiments. Further,
there is no need to commit to a single comprehensive objec-
tive, which would be required to estimate the optimal num-
ber of vehicles.

TRIP SIMULATION

The Trip Simulation software module of NU DRT pre-
pares weekday sets of demand-responsive trips, which are
then passed to the DRT Trip Scheduler and Service Simula-
tor for assignment to vehicles. It does not estimate the actual
demand for DRT travel because the average number of

weekday tripsto be served isan input parameter specified by
the user of the software; instead, selected characteristics of
these trips are ssimulated. The primary logic of the Trip Sim-
ulation is depicted in Figure 3.

Theservicearea sfull and partial block group dataarefirst
extracted from the national database by matching the service
area census geographic units selected in the User Interface.
The trip module then sets up a number of internal arrays and
matrices to hold service area variables. The balance of the
Trip Simulation module consists of two nested logic loops.
The outer loop is indexed by the number of weekdays that
must be replicated to ensure stetistical significance of the
resulting estimates of DRT vehicle requirements (one loop
for each day simulated), and the inner loop isindexed by the
average weekday trips specified by the user (one loop for
each trip simulated).

Trip Characteristics Simulated

Within these two nested loops, a series of subroutines
determine the characteristics of a DRT trip by answering a
series of questions, primarily through the technique of Monte
Carlo simulation. The questions are the following:

» Given the types of riders to be served specified in the
User Interface, what type of rider istraveling?
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Figure3. Logic of the DRT trip simulation module.

* What block group produces the trip, and what block
group attracts the trip?

* Isthetrip one way or doesit also entail areturn trip?

* What are the desired travel times?

» Does the traveler require a wheelchair tie-down or
attendant?

* Aretwo persons traveling together?

These questions are driven by observed patterns in data
from NPTS and other published sources, as documented in
Appendix D, availablein the Supplementary Documentsfolder
on CRP-CD-40. Trips and their characteristics are written to
an output file at the completion of an iteration of the week-
day tripsloop. After al days are completed, the file contains
m (where mequal sthe average number of trips per day) times
n (the number of weekdays replicated) trip records.

Days of DRT Service Simulated

A single simulated day of DRT service represents only
one possible scenario for trip timings, locations, and dis-
tances. To obtain precise estimates of the long-run perfor-
mance of the DRT service, a number of days of service
(replications) must be simulated, and the appropriate num-
ber of replications depends on characteristics of the service
areaand demand for service. The NU DRT Trip Simulation
uses queuing theory to approximate the number of replica-
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tions required. The approximation is based on the follow-
ing scenario:

+ Riders request trips with desired pick-up times occur-
ring at any time during daily operations. Thetrip request
rate is approximated as

A = (user-specified trips per day)/
(Iength of the service day in hours).

» Thetime that a vehicleis occupied by atrip consists of
aloading and unloading time for the passenger, atravel
time to the destination, and a deadhead time to pick up
another passenger. The mean time to serve a trip is
approximated as

Yp=(1+Pt+y

where

M= aservicerate,

T = an approximate average trip duration (%/s of the
duration of the longest possible trip),

B = aninflation factor for deadheading (0.1), and

y = an approximate mean loading and unloading time
(*/12 houir).

» The average loading of avehicleis approximated as
¢ =max{ 1, (vehicle capacity/4)}.

No distinction is made between passengers whose mobil-
ity islimited and other passengersin this approximation.
» Adequate vehicles are available to satisfy all demand.

Under these conditions, the number of vehicles in use at
any point in time can be approximated by an M/G/c queuing
model (inter-arrival time exponentially distributed, general
servicetimes, and an unlimited number of servers) with mean
and variance both equal to n, which is determined by

n = Al(cp).

With this assumption, the number of replicationsis set to esti-
mate the mean number of vehiclesin useto within +1 vehicle
or £10-percent relative error, whichever islarger. Thisresults
in the number of replications (R) being

R =min{Z%/(a?n), 22n/d?%}

where

z = the 95-percent confidence level (1.96),
o = a10-percent relative error (0.1), and
0 = the acceptable absolute error in vehicles (1.0).
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TRIP SCHEDULER

Thisinitial description of the Trip Scheduler assumes that
there are no wheel chair passengers, no subscription trips, and
computer assisted scheduling isnot in use. L ater, the descrip-
tion is extended to show how the algorithm accommodates
these three conditions.

A “trip” produced by the Trip Simulation includes a pick-
up location and desired pick-up time; adrop-off location and
adesired drop-off time; and indicators for whether the pas-
senger has a wheelchair, is traveling with an attendant or
another person, or ismaking atrip that is subscription eligi-
ble. Because NU DRT does not use network maps (which
would require cumbersome national coded networks), the
pick-up and drop-off locations are given in terms of x-y block
group centroid coordinates from which a rectilinear travel
distance can be computed. The rectilinear travel distanceis
then transformed into an expected (or mean) travel time that
depends on characteristics of the region being served (this
transformation is described below).

Users may indicate generic barriersto travel in the service
area as part of the input data. These could be any impenetra-
ble feature, such as a bay, river, or mountainous region.
Users can select from 15 barrier patterns, as well as 2 river
configurations. The software will increase thetravel distance
with a circuity multiplier for barrier-affected trips based on
results of generic simulation tests conducted during the devel-
opment of the software. Although the barrier representations
in the software are all shown for a square service area config-
uration, the software works with the spatial coordinates of the
actual census-based service area defined by the user.

The NU DRT Trip Scheduler takes each day of synthetic
trips and performs the following steps:

1. Initializes by computing the expected travel times for
al trips and the expected travel time between the drop-
off location of each trip and the pick-up locations of all
other trips, beginning with the first vehicle in the fleet.

2. Solvesalongest path problem for the current vehicle, for
which “longest path” means assigning the maximum
number of unscheduled riders to this vehicle, treating
the vehicle capacity as one (only one rider at a time),
and picking up each rider exactly at their desired pick-
up time and dropping them off no later than their
desired drop-off time.

3. Findsthe one unscheduled trip, among all unscheduled
trips, that can be inserted into this vehicle's schedule
incurring the minimum earliness-lateness penalty (the
penalty function is defined below) without exceeding
the vehicle's capacity. The Trip Scheduler continues
doing this until there are no unscheduled trips remain-
ing, or thisvehicle stotal accumulated penalty exceeds
the allowed threshold.

4. Records the maximum number of simultaneous board-
ings (al, and wheelchair only) on this vehicle during

thisservice day and the percentage of the day’ sdemand
served by thisvehicle.

5. Stopsif there are no unschedul ed trips remaining. Other-
wise, the Trip Scheduler adds another vehicle to the
fleet and goes back to Step 2.

Special Features of the Trip Scheduler

To emulate computer assisted scheduling, Step 3inthelist
above is modified as follows: for each unscheduled trip that
could beinserted, the Trip Schedul er optimizesthe scheduled
pick-up and drop-off times for all trips in the schedule to
minimize the total accumulated penalty for the vehicle. The
Trip Scheduler inserts the trip that gives the minimum total
accumulated penalty.

To account for wheelchair passengers, Step 2 in the list
above is modified in such away that wheelchair passengers
are more likely to be scheduled in the initial assignment.
Specifically, the “length” of atrip in the longest path prob-
lem equal sthe passengers picked up plusthe number of seats
occupied by awheelchair if the passenger uses a wheelchair
(user input). Thus, the value of aregular passenger trip inthe
longest path problem is one, whereas one wheelchair pas-
senger with an attendant occupiesthree seats (one seat for the
attendant plustwo seats for the wheelchair tie-down), so this
trip has a value of five (two passengers plus three occupied
seats). Of course, all limits on vehicle capacity (number of
seats and number of tie-downs) are enforced.

The NU DRT Trip Simulation indicates which trips are
eligibleto be subscribed, and the user provides an upper limit
on the percentage of subscription trips allowed. To account
for this, Step 2 considers only subscription-eligibl e trips until
there are either no such trips remaining or the maximum per-
centage of subscription trips has been reached, whichever
occurs first. Thus, subscription trips impose restrictions on
the schedule because an attempt is made to accommodate
themfirst. All unscheduled tripsare still eligiblefor insertion
into the vehicle schedule in Step 3. Finally, the information
obtained in Step 4 isaveraged over al simulated days of ser-
vice and displayed on the three graphs produced by NU DRT
at the end of therun.

Travel Time Estimation

Travel times are afunction of the distance traveled and the
area type through which the trip passes. Five area type cate-
goriesare used to characterize block groups: urban, suburban,
second city, town, and rural, as originally defined in the 1995
NPTS (2). The distance traveled is either the rectilinear dis-
tance between origin and destination block group centroids or
aminimum travel distance (if thetrip iswithin the same block
group). With the distance traveled known, the travel timeis
estimated as being normally distributed with Mean Travel
Time = a,,D + B,D¥¥ and Standard Deviation of Travel
Time=oaD + BDY %



In these two equations, travel timeisin minutes; D is the
distance traveled in miles; a,,, B, and v, are area type spe-
cific parameters in the mean travel time equation estimated
through regression; and o, 3, and ys are similarly estimated
area type specific parameters for the standard deviation of
travel time. Vaues for the six areatype parameters are listed
in Table 7. These parameters were estimated using automo-
biletravel time datafrom the 1995 NPTS (2), and the estima-
tion processisdescribed in Appendix D in the Supplementary
Documents folder on CRP-CD-40.

The travel time calculations use the area type parameters
for either the origin or destination block group, depending on
which set of parameters yields the slowest travel times. The
mean travel timefunctionisalso used to determinetravel time
for the Trip Scheduler.

Boarding and alighting times are modeled asnormally dis-
tributed, with means given by the user-specified input param-
eters. Standard deviations are taken as 20 percent of the mean
value for boarding and 25 percent of the mean value for
alighting.

Earliness-Lateness Penalty Function

The NU DRT Trip Scheduler builds a vehicle's schedule
iteratively until a penalty threshold is reached. The penalty
threshold is defined as 25 percent of the length of the service
day. Each trip in ascheduleincurs pick-up and drop-off penal-
tiesif thetrip isscheduled to be picked up and dropped off out-
side of therider’ sdesired times. Thetotal penalty for avehicle
isthe cumulative pendtiesfor al trips assigned to that vehicle.

For either apick-up or drop-off, let A = |difference between
desired time and scheduled time|, and let w be the pick-
up/drop-off window specified by the software user. If A < w,
then the penalty is 0.1A, which is essentially 0 but sightly
favoring a schedule where scheduled time equals desired
time. For A > w, the penalty isA x [A/wl] where [A /wCmeans
the largest integer less than or equal to [A/wl Thus, as A
increases, the penalty increases more and more rapidly.

SERVICE SIMULATION AND SUMMARY
REPORT GENERATOR

The NU DRT Trip Simulation and Trip Scheduler provide
enough information to generate three tradeoff curves that

TABLE 7 Areatypeparametersfor the mean and
standard deviation travel time equations

Mean Standard Deviation

AreaType Om Bm Ym Os Bs Ys

Urban 1.0 6.3 0.7 0.4 31 0.9
Suburban 0.6 54 0.6 0.4 22 11
Second City 0.8 5.7 0.7 0.2 31 0.9
Town 1.0 4.4 0.7 0.1 3.0 0.7
Rural 11 4.0 0.7 0.0 3.2 0.7
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describe the relationship between the number of vehiclesin
the fleet and the fraction of the demand served, the distribu-
tion of vehicleloadings (passengers on board) over the sim-
ulation period, and a similar distribution of the number of
wheelchair passengerson board. These are provided asgraphs
that can be copied and pasted into other documents, and the
raw data used to generate these graphs can be reviewed.

The tradeoff between fleet size and trip demand served is
the fundamental output that can be used to make fleet-sizing
and feasibility decisions. It alows users to understand how
many vehicles are needed to satisfy all the demand under the
assumed service conditions provided as user inputs, and it
showsthe serviceimplications of having fewer vehicles. This
curve can a so be used to assess the approximate market cov-
erage of an established service with aknown fleet size.

The loading distributions are useful for testing vehicles of
different sizesor number of wheelchair tie-downs. For exam-
ple, if a service using 15-passenger vehicles never carries
more than 12 passengers in a vehicle during the simulated
period, it may be more efficient to purchase a smaller vehi-
cle. Similarly, if a service using vans with two wheelchair
tie-downs frequently has both tie-downsin use, then service
might be improved by using a vehicle with an additional
wheelchair position. Although the model tests only one vehi-
cledesign at atime, a sequence of model runs can be used to
test aternative vehicle designs (see Chapters 4 and 5).

For users who are interested in more detailed information
on vehicle utilization and the distribution of earliness and
lateness of pick-ups and drop-offs, the Service Simulation
module provides this data by simulating the actual delivery
of DRT service based on the schedule generated by the Trip
Scheduler. The Service Simulation is a standard, discrete-
event stochastic simulation in which the actual travel times,
boarding times, and alighting times are sampled from appro-
priate distributions. A convenient table of results from this
simulation can be obtained (and copied or printed) by invok-
ing the Summary Report Generator. The report includes sta-
tistics on vehicles in use, riders carried, riders per vehicle,
vehicle-trips, vehicle-miles, vehicle-hours, vehicle-speed, and
passenger-miles for 80 percent, 90 percent, and 100 percent
of al requested trips served. The raw data from which the
summary report is generated can be found in the Detailed
Report generated by NU DRT.

SOFTWARE SOURCE CODE

Software modules for NU DRT were written and com-
piledin several different programming languages. The User
Interface was written and compiled in Microsoft Visual Basic
(SP5) 6.0. Compaq Visual FORTRAN, Version 6.6, wasused
for programming and compiling the Trip Simulation and
Summary Report Generator. Finaly, the Trip Scheduler and
Service Simulation were written and compiled in Microsoft
Visual C++6.0.
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NU DRT has been tested to run on Microsoft Windows 95,
Windows NT4, Windows 98 SE, Windows 2000, Windows
ME, and Windows XP. The user should have at least 10 mega-
bytes (MB) of hard disk space available before installing the
software, which will require approximately 5 MB of hard
disk space. Additional hard disk spaceis needed to store DRT

project files. The amount of space required for each DRT
project depends on the size of the service areaand number of
tripsto be served, but only very large projects (service areas
composed of morethan athousand block groups and/or more
than several thousand daily trips) will require more than one
or two MB.




CHAPTER 4
EXAMPLE APPLICATIONS

This chapter guides users through two fully developed
applications of NU DRT that illustrate its features. The first
isasimple service design application in which thefocusison
testing to select a vehicle design. The second “ many-to-one”
example demonstrates the use of census maps to edit service
area block groups. For both example applications, users are
given step-by-step instructions for using the NU DRT soft-
ware as well as extensive explanation of how various soft-
ware features work.

EXAMPLE APPLICATION FOR
ROCKFORD, ILLINOIS

This section guides users through a straightforward appli-
cation of NU DRT to fleet size planning. The software tool is
applied to the City of Rockford in Illinois. The data for this
example application were obtained from NTD and the website
for the Greater Rockford Mass Transit District (http://www.
rmtd.org/ as of March 2003) (see Table 8).

Data Entry for the Rockford Example

The following steps are required to enter the Rockford
example data and run NU DRT:

1. OnceNU DRT isinstalled on adesktop computer, the
software can be started by selecting NU DRT fromthe
Start menu and then clicking on it. The software takes
afew moments (10 to 15 seconds) to load, and then it
presents users with an opening screen. Becausethisis
anew project, it is necessary to enter a project name.
To enter a project name, do the following:

— Select “File” from the taskbar,
— Then select “New Project,” and
— Enter the project name, “Rockford.”

2. At thispoint, the user may select the NU DRT wizard,
which simply steps through the sequence of screensto
enter data, or the user may choose to enter data manu-
aly. Inthisexample, the manual approach will be used.

3. The user must first specify the service area. NU DRT
comeswith U.S. Censusdatafor al statesand the Dis-
trict of Columbia. To select the service area:
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— Click on “Edit Project” and select “Service Area
and Barrier” from the dropdown menu. Click on
“Service Area”

— Rockford is a place; therefore, click on “Place.”

— In the next pandl, first scroll down the list of states
and select Illinois. Entering theletter “1” will advance
the state list to Idaho, the first state beginning with
“I.” lllinoisis listed immediately after Idaho.

— Double click on “Illinois’ to get alist of al places
in lllinais.

— Scroll down to “Rockford city.” The first-letter
search processwill advancethelist of placesto those
beginning with the letter “R.”

— Doubleclick on “Rockford city.” It then appearsin
the “ Selected Places’ panel on the right. This dis-
play should look like Figure 4.

— Because there are no additional components in the
service area, click on “Save” and then “Finish.”
Once back at the service area sel ection screen, click
on“OK.”

— After reselecting “ Service Areaand Barrier,” now
click on “Barrier.” This will take the user to the
barrier-type selection page. The only barrier of
importance in Rockford is the Rock River flowing
through its center, and therefore this option should
be entered by the user.

— Finaly, “OK” isselected to indicate that the service
area definition has been compl eted.

. Continuing to work from the dropdown menu under

“Edit Project” on the taskbar, select “ Type of Riders.”
This leads to the screen shown in Figure 5. The mar-
ket to be served will be determined by policy. If pas-
sengerswith mobility limitationsareto be served, NU
DRT will generate more requests for wheelchair and
attendant trips. If the general public is to be served,
travel will focus more on workplaces and the peak
periods. For this example application, the user should
select “Mobility Limited” and click on “OK.”

. The next data entry screen on the “Edit Project”

dropdown menu is “ Operating Specifications,” which
includes weekday hours of service, passenger capacity
of the vehicle, number of wheelchair tie-downs, num-
ber of seatslost whenever asingletie-downisused, and
the pick-up and drop-off window size in minutes. (See
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TABLE 8 DRT exampledatafor Rockford,

Illinois

Input Data Value

Area 85 sguare miles

Population 185,000

DRT market Mobility limited

Dally trips 229

Hours of Service 5:15 am.—11:45 p.m.

Time Window 15 minutes

Barrier Rock River traverses center of town
crossed by multiple bridges

Vehiclesoperatedin 14

maximum service

Figure6.) Thelatter isthe earliness or lateness allowed
for picking up or dropping off travelers, the model
imposes asignificant penalty for exceeding the pick-up
and drop-off window. A default value of 15 minutes
is supplied for the pick-up and drop-off window, but
the user can enter other values.

. The service hours can only be specified to the nearest
30 minutes, so the Rockford “Start Time” should be
moved by the user to 5:00, and the“ End Time” should
be moved to 22:30. Thiswill have little effect on the
results, which are more sensitive to the length of the
service period than clock time. In service design appli-
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cations, the user should set the service hours based on
knowledge of the market to be served and community
activity patterns.
. The analysis will begin by assuming the use of avan
with six seats (excluding the driver) and one wheel-
chair tie-down that eliminates two seats when in use.
Thus, the user should enter six in the box for number
of seats, one in the box for number of tie-downs, and
two in the box for number of seats per tie-down. This
will be termed a 6/1/2 vehicle design. Typicaly,
fewer vehicles may be needed if larger-capacity vehi-
cles are used. However, as the vehicle size grows, at
some point service quality concerns will override
capacity, and it will not be possibleto reducefleet size
further without compromising service. Vehicledesign
can be based on vehicles currently used by the agency
or knowledge of vehicles currently on the market
(whichwill reflect what DRT servicesare buying). As
will be shown below, itiseasy to use NU DRT to test
thefleet sizeimplications of different vehicledesigns.
Vehicle scheduling is initially assumed to be done
without computer assistance, so the user should leave
the box for computer assisted scheduling unchecked.
The completed input screenisshown in Figure 6. When
all of the inputs have been provided, click “OK.”
9. “Daily Trips’ isthe next dataentry screen onthe“Edit
Project” dropdown menu. This key input cannot be
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Figure6. Operating specification input screen.
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10.

11

entered before the type of rider is selected. The num-
ber of trips can come from a rough demand estimate
based on reported trip rates for the market to be served,
or the number of trips can be determined by analogy
with asimilar service elsewhere. NU DRT can also be
used to explore the vehicle requirements associated
with arange of demand estimates so that service can
be scaled to the resources available. For this example
application, the user should enter 229 in the “ Number
of Weekday Trips’ box (see Figure 7). (In the “ Spec-
ify Number of Trips’ screen, the user can also define
a“many-to-one” service by checking that option. The
“Edit Block Groups’ button will then activate, and the
user can indicate which block group[s] ig[are] the pri-
mary destination[s]. The second examplein thischap-
ter demonstrates an application of NU DRT to a
“many-to-one” DRT service.)

Thefina dataentry screen inthe“Edit Project” option
onthetaskbar is“ Trip Characteristics.” The user may
modify default boarding and alighting times, as well
as the maximum percentage of subscription (regular)
trips permitted, using the “Advanced Settings’ input
screen shown in Figure 8.

Now all of the inputs have been specified, and NU
DRT isready to run. Prior to running the model, the

i NU DRT - Rockford
File EditProject View RBun Windows Help

user may return to any of the input screens to modify
the design assumptions. Input parameters may also be
reviewed without the ability to change them by click-
ing on the “View” taskbar option and selecting “Pa
rameters’ from the dropdown menu.

To run the software, select “Run” and then “Run NU
DRT” from the toolbar or pressthe F5 key.

12.

NU DRT Graphical Displays

When NU DRT starts to run, a trip simulation window
opens and the software first loads the census and other data
from the CD-ROM and then estimates the number of simu-
lation replications (simulated days of service) needed for sta-
tistical validity. In thisexample, 17 weekday sets of tripsare
simulated (the most time-consuming component of the soft-
ware), and a day-by-day progressindicator is displayed. Once
the simulated trips are available, the Trip Scheduler and Ser-
vice Simulation take over. Three primary graphical outputsare
displayed after the last day of the simulation is completed.

At this point, the user can view the results of the simula-
tion. Figure 9 shows the tradeoff between fleet size and
fraction of trips served. This information might be used to
scale the fleet to serve 100, 95, or 90 percent of the trip
demand. Alternatively, this relationship can be used to
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Figure 7. Number of tripsinput screen.
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answer what-if questions such as, “What fraction of the market
can be served with only four vehicles?’ In this example, NU
DRT egtimates that a fleet of 14 vehicles would, on average,
serve about 78 percent of the 229 weekday trips demanded.

Once arun has been completed and as long as input para-
meters remain unchanged, the three graphs can be viewed by
selecting “View” from the toolbar and clicking on “ Graphs.”
The data used to create the graphs can a so be reviewed using
the option “Graph Data’ on the same menu.

Figure 10 showsthe histogram of vehicleloadingsaveraged
over al simulation runs. The horizontal axisisthe maximum
number of passengers onboard avehicle, and the vertical axis
isthe number of vehicles experiencing this maximum load on
an average day. Vehicle capacity isfive passengers, and vehi-
clesrarely operate at full capacity (on average, approximately
once every 17 days). Approximate numbers can be estimated
from the graph, and the exact values can be found by clicking
on “Graph Data’ under the “View” option on the taskbar.
Because thisis a DRT service for passengers whose mobility
is limited, wheelchair riders sometimes reduce the vehicle
capacity. As a result, there may be times when the demand
callsfor adding another passenger to the vehiclewhen thereis
no available capacity, and alarger vehicle may bejustified.

Figure 11 shows a similar histogram for wheelchair pas-
sengers onboard. The maximum of one wheelchair onboard

- NU DRT - Rockiord

File EditProject View Run Windows Help

(the wheel chair capacity of thisvehicle) isexperienced by an
average of 12.6 vehicles. This result suggests that a vehicle
with greater wheelchair capacity may be preferred.

Computer Assisted Scheduling

This initial run of NU DRT suggests that the Rockford
Mass Transit District may want to operate more vehiclesthan
the 14 paratransit vehiclesthat they currently operateto serve
the average weekday trip demand. This estimate of vehicles
required does not reflect the potential vehicle utilization effi-
cienciesthat might be achieved when aDRT service hasbeen
in operation for some time with more experienced vehicle
scheduling personnel, when riders adjust their travel times to
make scheduling easier, and/or when computer assisted sched-
uling is used.

Rerunning the Rockford example with the computer
assisted scheduling feature turned on (an option located on
the “Operating Specifications’ screen) changes the tradeoff
between fleet size and percent of trips served to the relation-
ship shown in Figure 12. With computer assisted scheduling,
the 14 vehicles now serve roughly 98 percent of the average
weekday trips, rather than 78 percent with manual schedul-
ing. (For other results from the computer assisted scheduling
run, see NU DRT Run 2 in Table 9.) The maximum number
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TABLE 9 Resultsof vehicle size and operating char acteristics sensitivity tests

Vehicles Required for

Percent of Trip
Vehicle Capacity Demand Served
(Seats/ Maximum  Maximum
NU DRT Wheelchair Tie-downs/ Passengers  Wheelchairs
Run Scenario Seats per Tie-down) 90% 95% 100% on Vehicles onVehicles
1 Baseline (6/1/2) 15 17 22 50n lon
0.6 vehicles 11.9 vehicles
2 Add Computer (6/2/2) 12 13 15 50n lon
Assisted Scheduling 0.1 vehicles 10.7 vehicles
3 Add Larger Vehicle (15/2/2) 9 9 11 60n 2o0n
and 30-minute Window 0.3 vehicles 1.3 vehicles
4 Add Additional (15/412) 9 10 12 7 on 2on
Wheelchair Tie-downs 0.1 vehicles 2.3vehicles

of passengers and wheel chairs onboard vehicles continuesto
suggest that a larger vehicle may be advantageous.

Vehicle Sizing Sensitivity Analyses

The results of a series of model runs exploring different
vehicle designs and service attributes are summarized in
Table 9. In addition to results for a baseline model run and
the computer assisted scheduling run, results for two other
runsare shown. First, alarger vehiclewith 15 seats, 2 wheel-
chair tie-downs, and 2 seats eliminated per tie-down (15/2/2),
acommon DRT model, wastested. Because of the size of the
vehicle, thetimewindow was also increased to 30 minutesto
allow increased aggregation of trips on vehicles. Fewer vehi-
cles are required with these changes, but the passenger |oad-
ing never exceeds six. Thetwo wheelchair positions are used
only on glightly more than one vehicle during an average day.

A vehicle with additional wheelchair positions was tested
next; 2 more wheelchair tie-downs are added to the vehicle
with 15 seats (15/4/2). Because each wheelchair tie-down
occupies two seats, there is room for seven more passengers
when four wheelchair passengers are onboard. Results from
thisrun show that on rare occasions avehicle carries as many
as seven passengers, and, even with four wheelchair posi-
tions, no morethan two are carried at once. These model runs
illustrate the application of the model and show how it can
easily be used to explore different vehicle designs and oper-
ating strategies.

“MANY-TO-ONE” SKOKIE SWIFT EXAMPLE

In this second example application, the NU DRT software
isapplied to estimate the number of vehicles required to pro-
videfeeder bus serviceto arail transit station. This proposed
DRT service a'so replaces existing fixed route bus routes in
the service area. The example illustrates the editing of ser-
viceareablock groups and the identification of ablock group

as the destination for a“many-to-one” DRT.

Figure 13 shows the service areafor the proposed “ many-
to-one” DRT in two northern suburbs bordering Chicago.
The DRT is supposed to provide access to the Dempster
Street terminal of the Chicago Transit Authority’s Skokie
Swift, arail transit express line that connects to the Howard
Street terminal in the east, where riders can transfer to other
rail transit lines serving the Chicago CBD, aswell as express
and local buslines. The DRT service area (the shaded areain
Figure 13) coversthevillage of Morton Grove and the north-
western portion of the village of Skokie, bounded by Skokie
Boulevard in the east and Oakton Street in the south.

The example proceeds as follows:

1. Start the NU DRT software and select a project name
(as described in the Rockford example).

2. Select the “ Parameter Wizard” under “Edit Project” to
enter the service areaand other input parameters. Click
onthe“Next” button to get the “ Specify Service Area”
data entry screen.

3. In the “Specify Service Area’ screen, click on the
“Place” button. As shown in Figure 14, in the “Place
Selection” screen, double click on lllinoisand thenin
the “Place” box on Morton Grove village and Skokie
village. Click “Save” to save the block groupsin the
two villages. Then select “Edit Block Groups” and the
Notepad program pops up displaying the Service
Areatxt comma-delimited text file (see Figure 15). This
file has arecord for every full or partial block group in
Morton Grove and Skokie.

The Service_Area.txt File

In the Service Areatxt file for this example, the block
group records have a“ P’ in thefirst field to indicate that they
arefrom aplace selection. Block groups sel ected using county
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I NU DRT - Skokie Swift Example
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Figure15. Service Area.txt file for Morton Grove and Skokie.

subdivisions have a “C” in the first field, and block groups
chosen by the tribal lands option have an “A.” The file also
has one or more header records with an “H” in thefirst field,
plus“T” records containing acount of the block groupsin the
preceding place, county subdivision, or tribal land area.

The portion of the Service Area.txt file displayed in Figure
15 lists the 24 full and partial block groups in Morton Grove
and thefirst 2 of the 53 records for Skokie block groups. Each
of the “P” block group records has a series of Census 2000
codesthat uniquely identifies the block group. The“17” inthe
second field in each record isthe Federal Information Process-
ing Standards (FIPS) code for Illinois. The third field is the
FIPS code for places, whichis“50647” for Morton Grove and
“70122" for Skokie. FIPS codesfor statesand placesare avail-
able through links on the U.S. Census Bureau’'s website at:
http://www.census.gov/geo/wwwifips/fips.html (as of Febru-
ary 2003). The fourth field in the “P” record is a census code
identifying the censustract where the block groupislocated. It
isfollowed by the number of the block group in thefifth field.

Slightly different sequences of census codes are found in
the Service Areatxt block group records when the block
groups are selected using county subdivisions or tribal lands.
“C” records, selected using county subdivisions, identify
block groups with the state FIPS code, county FIPS code,

county subdivision FIPS code, census tract code, and block
group number. The“A” type of block group records, obtained
using tribal land units, have the state FIPS, tribal lands FIPS,
county FIPS, census tract code, and block group number.

U.S. Census Bureau Reference Maps

Themost direct way to locatetract and block group bound-
aries is through U.S. Census Bureau reference maps. Large
printed copies of these reference maps and electronic ver-
sionson DVD may be purchased directly from the U.S. Cen-
sus Bureau at anominal cost. They can also be freely down-
loaded from state links provided on the U.S. Census Bureau
website at http://www.census.gov/geo/www/maps/CP_Map
Products.htm (as of February 2003). For DRT planners with
geographic information systems (GIS) software, there are
additional ways to locate tracts and block groups, either by
downloading boundary filesfor tracks and block groupsfrom
the U.S. Census Bureau website or by purchasing these map
layers from GIS vendors.

Because the DRT service areain the “many-to-one” exam-
ple excludes a large portion of Skokie, the Skokie block
groups in the Service Area.txt block group records must be



edited. To determine which block groupsto excludefrom the
analysis, census block reference maps covering Skokie must
be consulted. In addition to being obtainable by place, block
level reference maps can be downloaded by county and
county subdivisions.

There are five U.S. Census 2000 block maps for
Skokie; they are numbered CBP1770122_000.pdf through
CBP1770122_004.pdf. “CBP” stands for census block by
place, and the numeric codeisthe combined Illinoisand Skokie
FIPS codes. The map files are portable document files (PDF)
requiring the Adobe Acrobat Reader, which can be obtained
without cost from the Adobe website (www.adobe.com).

The block reference map numbered “_000" is an index
sheet showing the locations of the other four, more detailed,
Skokie map panels. Figure 16 is the index sheet for Skokie,
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depicting the quadrants of the village covered by the four
detailed block reference maps. Map Panels 1 (northwest quad-
rant) and 3 (southwest quadrant) contain the DRT service
areain Skokie. These two map panels are shown in Figures
17aand 17b.

The PDF versions of these maps were created from large
(33-inch by 36-inch) originals that show all the detail that is
required to identify tracts, block groups, and blocks. In the
printed versions included in this report, many map features
will be too small to be easily identified. Copies of the Cen-
sus 2000 PDF filesfor the three maps areincluded in the sup-
plementary documents folder on CRP-CD-40. These can be
viewed onscreen, and the user can zoom in on map features
for increased legibility.

CEMSUS 2000 BLOCK MAP: SKOKIE Village

5702.01

Figure16. Census 2000 index sheet for Skokie Village block reference maps.
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Figure 17a.

Editing Service Area Block Groups

Using these reference maps, it can be determined that the
portion of the DRT service areain Skokieliesentirely within
four census tracts: 8069, 8070, 8073, and 8083.02. There-
fore, block groups outside these four census tracts must be
removed from the service area. To remove block groups,
return to the Service Areatxt file shown in Figure 15. The
sixth field contains an “x” that must be present when the
block group belongs in the DRT service area. Therefore, to
edit the Service_Area.txt fileto match the proposed DRT ser-
vice area in Skokie, delete the “x” in the sixth field from
block group records that lie outside the four census tractsin
the service area.

A portion of the edited Service Areatxt file is shown in
Figure 18. The“x” charactersareremoved from block groups

Census 2000 Skokie village block reference map, Map Panel 1.

outside tracts 8069, 8070, 8073, and 8083.02. Notethat in the
Service_Areatxt file, the censustract codes are six characters
in length without a separating decimal point, and the Ser-
vice_Area.txt codes for the four tracts inside the service area
are 806900, 807000, 807300, and 808302. After completing
the editing of the “Xx” characters, the Service Areatxt file
should be saved and the Notepad program exited using com-
mands on the dropdown “File” menu. The service areaisnow
completely defined, and “ Finish” should be selected to allow
the “ Parameter Wizard” to continue.

Continuation of Data Entry

Once users have returned to the “Parameter Wizard,” the
next several screens (examplesare showninthe User’sMan-
ual available on CRP-CD-40) are completed as follows:
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A

Figure17b. Census 2000 Skokie village block reference map, Map Panel 3.

1. There is an expressway barrier (a linear barrier) in
the DRT service area, but multiple bridges cross the
expressway. Therefore, the box for “river or linear
barrier” should be checked.

2. Onthe*Specify Typeof Riders’ screen, select “ General
Public” and click in the “Replacing some fixed route
transit?’ box.

3. Onthe*“Operating Specifications” screen, input 5:30in
the“ Start Time” box and 22:00 in the“End Time” box.
The number of seats should be 10 with 2 wheel chair tie-
downs (a wheelchair tie-down eliminates 2 seats when
in use). Fifteen-minute windows (before and after the
scheduled time) should be selected, and the computer
assisted scheduling box should be checked.

4. Ridership isestimated starting with the journey-to-work
datain the Census 2000 Summary File 3 (obtained using

the American FactFinder feature on the U.S. Census
Bureau’ s website at http://factfinder.census.gov/servlet/
BasicFactsServlet), which lists 464 workers who cur-
rently commute by subway or elevated rail transit in the
proposed DRT service area. It is estimated that 50 of
these commuters ride to the Skokie Swift on bus lines
that will be replaced by the DRT. The DRT is aso
expected to attract 100 new transit travelers diverted
from automobiles; these are commuters who currently
drive or share aride to the Skokie Swift. Another 400
riders are projected to use the DRT for nonwork pur-
poses. Fifty of these noncommuting riderswill beformer
busriders. Therefore, the DRT will serve atotal of 1100
trips: 150 commuters plus 400 riders traveling for non-
work purposes, each of whom makes around trip to and
from the Skokie Swift. Two hundred of these trips will
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Figure18. Edited Service Area.txt file for DRT service area.

replace existing bus boardings. On the* Specify Number
of Trips’ screen insert 1100 into the “Number of Week-
day Trips’ box and click in the “Many-to-One” box.

“Many-to-One” Block Group Editing

When the “Many-to-One” box is checked, the Service
Area.txt filemust again be manually edited to identify the block
group where one or more “one” destinations are located. Fig-
ure 19 showsaportion of Map Panel 1 (CBP1770122_001.pdf)
of the Skokie census block reference maps; the Skokie
Swift Dempster Street terminal is located in block group 1
in tract 8073.

Select “Edit Block Groups’ on the “Specify Number of
Trips’ screen and the Service Areatxt screen comes up.
Place an “m” in the seventh field in the record for the block
group with the“one” destination. Up to three block groupsin
a DRT service area can be labeled as focal destinations for
the “many-to-one” service. Figure 20 shows the completed
“many-to-one” editing of the example Service Areatxt file.
Save the edited Service Area.txt file and exit Notepad.

Completion of Data Entry

Once the “many-to-one” editing has been completed, data
entry with the “ Parameter Wizard” can continue.

1. Defaultsare selected inthe* Advanced Settings’ screen
for boarding and alighting times. Subscription trips
should be set to zero. Click on the “Next” button.

2. The final “Parameter Wizard” screen appears. Select
“Finish” to close the “ Parameter Wizard.”

3. Select “View” on the taskbar to review the input para-
meters and Service Area.txt file.

4. Once the setting of input parameters and the definition
of the service area have been finished, NU DRT isready
to run. Click “Run” on the taskbar, and the software
executes.

Summary Report

In addition to the graphical output discussed earlier, NU
DRT produces a summary text report that provides addi-
tional operating statistics (REPORT1.txt). The summary
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text report can be accessed by selecting “ Summary Report”
under “View” on the taskbar. These Summary Report stetis-
tics are computed for DRT fleet sizes that serve 80, 90, and
100 percent of weekday trips. The Summary Report for the
Skokie Swift “many-to-one” exampleis shown in Figure 21.
Most of the measures in the Summary Report are self-
explanatory, but several require some clarification:

» Vehicles in Use. This measure is calculated by sum-
ming the vehiclesin usefor all simulated days and then
dividing by the number of days simulated. Thiscalcula-
tion is different from that used to develop the tradeoff
between percent of trips served and vehicles required
(e.g., asillustrated in Figure 9). The latter is the maxi-
mum number of vehicles required to serve a given frac-
tion of trips over all of the smulated days. The maxi-
mum number of vehicles needed to serve 100 percent of
the trips will be greater than or equal to the average

number needed. The average might be a better value to
use for service design.

RidersCarried. Thismeasureincludes al personstrav-
eling, including attendants and multiple persons making
the sametrip.

VehicleTrips(with Riders) and Vehicle-Miles (with
Riders). These two statistics count only vehicle move-
ments when a rider is onboard. The numerator in
Vehicle Trips per Vehicleis determined in the same
manner.

Vehicle-Miles, Vehicle-Hours, and Speed. These sta-
tistics do not include any mileage for traveling from the
garageto thefirst pick-up or returning to the garage after
the last passenger drop-off.

Passenger-Miles per Vehicle. Thisvalueisthe sum of
the onboard riders times the mileage traveled between
rider pick-ups or drop-offs divided by the number of
vehiclesin service.
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L N I T

SUMMARY REPORT OF AVERAGE DAILY ACTIVITIES
FOR SIMULATED DRT OPERATION

Skokie Swift Example
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R R R

AVERAGE OF 25 SIMULATED DAYS

PERCENTAGE OF TRIPS SERVED

Kkkkkkkhhhhhhkhkhhhhhhhhhkhhhrkhkkhhkk

80% 90% 100%
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VEHICLESIN USE

RIDERS CARRIED
RIDERS/VEHICLE

VEHICLE TRIPS (WITH RIDERS)
VEHICLE TRIPS/VEHICLE
VEHICLE-MILES
VEHICLE-MILES/VEHICLE
VEHICLE-HOURS
VEHICLE-HOURS/VEHICLE
VEHICLE SPEED
VEHICLE-MILES (WITH RIDERS)
PASSENGER-MILES
PASSENGER MILES/VEHICLE

CIRCUITY (DRT MI/AUTO MI)

254 289 36.9

917.7 1009.7 1101.0

36.1 35.0 29.8

649.0 730.0 810.7

25.6 253 22.0

1655.0 1861.8 2061.9

65.2 64.5 55.8

344.5 388.2 4325

13.6 134 11.7

4.8 4.8 4.8

1068.1 1208.5 1355.7

1750.7 19535 2196.5

68.9 67.6 59.5

12 12 13

Figure21. Skokie Swift example summary report.



» Circuity. Thisstatisticisthe DRT mileage traveled by
ridersdivided by the equivaent mileagefor direct travel
without intermediate passenger pick-ups or drop-offs
(the rectilinear distance between block group centroid
coordinates).

Given the relatively high ridership per vehicle shown in
the Summary Report, the Skokie Swift DRT service appears
to be an efficient DRT operation. The Summary Report also
illustrates the generally decreasing efficiency of each added
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vehicle. Vehicle utilization that serves 90 percent of ridersis
generaly less efficient than vehicle utilization that serves 80
percent of riders. Vehicle utilization that serves 100 percent
of riders declines even more in efficiency.

The data underlying the Summary Report are contained
in the Detailed Report file (Resultsl.csv). This file can be
viewed by selecting “Detailed Report” under the “View”
option on thetaskbar. It can also be conveniently loaded into
a spreadsheet or database management program for addi-
tional analyses.
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CHAPTER 5

VALIDATION AND SENSITIVITY ANALYSES

To verify the functionality of NU DRT and to compareits
results with actual fleet sizes, alarge number of test applica
tionswere conducted for placesvarying in size, markets, and
service requirements. This chapter presents selected results
of these tests and reminds readers of the applicability and
limitations of the NU DRT software tool.

SENSITIVITY ANALYSES

NU DRT was tested on a midwestern city of about 24,000
peoplewith existing DRT service for the general public. The
goals were both to compare the fleet size results from the
model with the actual fleet and to demonstrate the response
of the model to variationsin input data. Thirteen model runs
were used to explore the response of the tool to different
input variables.

Datafrom the NTD show that the service tested carriesan
average of 90 trips per weekday using 3 vehicles. No infor-
mation isavailable on thefraction of trip demand served. The
test DRT service operates from 8:30 a.m. until 4:30 p.m.

Vehicle Sizes and Computer Assisted
Scheduling

Table 10 lists the results of testing different vehicle sizes,
starting with a 15-passenger vehicle with 2 wheelchair tie-
downs, each of which takesthe place of 2 regular seatswhen
in use (identified in Table 10 asa 15/2/2 vehicle size). Table
10 shows NU DRT estimates of the fleet size necessary to
serve 95 percent and 100 percent of the demand to befive and
six vehicles, respectively. The three vehiclesin use are esti-
mated to serve only 76 percent of the requested trips. Decreas-
ing the vehicle size to 10/2/2, 8/4/2, or 6/1/2 would require
more vehicles to serve the same market share. For example,
six vehicles with capacity for six passengers and a single
wheelchair tie-down (6/1/2) are needed to serve 95 percent
of the demand.

Tablel10dsoliststest resultsfor using a15/2/2 vehicle under
the assumption of computer assisted scheduling. These results
show that one to two fewer vehicles could serve the demand if
they were scheduled more efficiently. Even though a three-
vehicle operation may not need computer assisted scheduling,
utilizing thisNU DRT option may better reflect actual service,

because experienced dispatchers can develop a good under-
standing of market and service characteristics so that efficiency
of vehicle use improves over time. With computer assisted
scheduling, NU DRT estimates that the three vehicles in the
actual fleet could serve 90 percent of the demand.

Trips Requested

In the next series of tests, the number of daily trip requests
wasincreased from 90 to 135 and then decreased to 45. Table
11 shows, as expected, that vehicle fleet requirements change
by a percentage similar to the change in demand.

Types of Riders Served

Different types of riders place different requirements on
thevehiclefleet. Riderswhose mobility islimited make more
wheelchair trips and often require an attendant. Senior citi-
zens have more mobility limitations that the general public,
and they take fewer peak-period tripsto workplaces. Thetrip
simulation module of NU DRT reflects these kinds of differ-
encesin travel characteristics.

Table 12 liststhe results of changing the market type for the
90 daily trips, and for travel ers whose mobility is limited, the
results of using a larger vehicle with more wheelchair tie-
downs (15/4/2/ instead of 10/2/2). These simulation runs show
that marketsthat require morewheel chair tie-downsand travel
attendants generally need additional vehicles. Using somewhat
larger vehicles with additional tie-down positions reduces
fleet size because each vehicle accommodates moreridersand
wheelchairs.

Expanding Hours of Service and Service Area

Table 13 shows the result on fleet requirements of changes
in service hours and area. The second column illustrates the
effects of increasing the hours of service by 50 percent
(4 hours) without increasing the number of trips(which remain
at 90 per day). There is a small decrease in vehicle require-
mentsfor carrying 100 percent of the demand becausethereis
lessdemand at any point in time. The third column showsthe
effect of increasing the service area by afactor of about 10,
in this case expanding the service areabeyond the city limits



TABLE 10 Testing vehicle size and computer scheduling
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TABLE 12 Fleet requirementsby type of rider and vehicle

Vehicle Sizes Types of Riders and Vehicles
- Mobility
L 15/2/2 Vehicle, Mobility Limtedand  Mobility
Sensitivity Computer Assisted General Public, Limited, Seniors, Limited,
Measure 15/2/2 10/2/2 8/4/2  6/1/2  Scheduling Sensitivity Measure  10/2/2 Vehicle 10/2/2 Vehicle 10/2/2 Vehicle 15/4/2 Vehicle
Fleet Sizeto Serve 5 5 6 6 4 Fleet Sizeto Serve 5 6 5 5
95% of Trips 95% of Trips
q Fleet Sizeto Serve 7 8 7 7
Fleet Size to Serve 6 7 8 8 4 100% of Trips
100% of Trips Trips Served b 75% 66% 73% 80%
Trips Served by 76%  75%  75%  71%  90% T vehiole Mot 0 o 0 0

Three-vehicle Fleet

to the entire 2,600-square-mile county. The county is sparsely
populated, with demand concentrated in the central city, but
the large increase in land area leads to some substantially
longer trips. As a consequence, the service rate goes down,
and thus more vehicles are needed.

In al of the sensitivity tests, NU DRT shows intuitively
reasonable responses to changes in inputs. None of the results
are extreme; rather, they show small deviations in the num-
ber of vehicles required in response to small changesin ser-
vice and market characteristics.

VALIDATION TESTING

In the development of NU DRT, many test runswere made
with data from actual services to fine-tune the software and
make sure that its results were redlistic. The final version of
NU DRT was tested with data supplied by Pace, a northeast-
ern Illinois suburban bus operator, which isresponsible for a
number of DRT paratransit services throughout the region.
Table 14 lists both the input data and results from NU DRT
simulations for nine of these services.

The inputs to the NU DRT runs are the service area defi-
nitions, market types, daily hours of service, and average
number of trip requests per day. All servicesweretested using
30-minute pick-up and drop-off windows and computer
assisted vehicle scheduling. The actual number of vehiclesin
serviceis shown in thefifth row of Table 14. Three quantities
estimated by NU DRT are shown in the shaded rows: the num-

TABLE 11 Fleet requirements by daily

trip requests

Weekday Trips

(10/2/2 Vehicle)
Sensitivity Measure 135 20 45
Fleet Sizeto Serve 8 5 3
95% of Trips
Fleet Sizeto Serve 14 7 5
100% of Trips
Trips Served by 52% 75% 97%
Three-vehicle Fleet

bers of vehicles required for 95 and 100 percent of the daily
trip demand and the estimated percentage of demand served
by the actual fleet of vehicles. Thelast three rows of Table 14
show measured trip characteristics reported by Pace.

NU DRT results correspond to the data rather well. The
largest differences between model results and actual service
are underestimates in DuPage County and the village of
Schaumburg. The underestimate for DuPage County may be
dueto the low productivity of the actual service, only 3.9 trips
per vehicle per day. This might be caused by a market char-
acteristic not reflected in NU DRT, or perhapsfewer vehicles
might well serve the market.

A similar argument might be made for Schaumburg. There
isahighlevel of loca interest in public transit and abroad mix
of land uses (residential, office, and retail) in this community.
These factors, combined with the fact that the Schaumburg
DRT operation servesthe general public, may causetripsto be
widely dispersed around the village or to peak at certain times
during the day. For example, the short average trip distance
suggests that there may be a number of shopping trips during
the lunch hour that call for additional vehicles.

The comparison between actual and estimated fleet sizes
shown in Table 14 isfurther illustrated in Figure 22, which
compares the NU DRT estimated vehicle fleet size needed
to carry 95 percent of the daily trip demand with the actual
fleet size. As Figure 22 shows, the correspondence is rea-
sonably good.

TABLE 13 Fleet requirements by service hours
and area

Hours of Service and Service Area
(General Public Service, 10/2/2 Vehicle)

830am— 7:00am-— 830am-—
Sensitivity Measure  4:30p.m.,  7:00 p.m.,  4:30 p.m,,
Citywide Citywide Countywide
Fleet Sizeto Serve 5 6 9
95% of Trips
Fleet Sizeto Serve 7 6 13
100% of Trips
Trips Served by 75% 76% 59%

Three-vehicle Fleet
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TABLE 14 Validation testsfor selected Pace DRT servicesin the northeastern Illinois suburbs

Location of Pace DRT Service

DuPage Kane Rich
Aurora Bensenville County County Township Robbins Schaumburg  Skokie Woodstock
Pace Data
Types of Riders Seniorand  General Seniorand ADA Seniorand  Seniorand  Genera Seniorand  Genera
ADA Public ADA ADA ADA Public ADA Public
Weekday Hours 7:00am—- 6:00am- 7:00am- 530am.- 800am- 10:00am— 6:00am- 9:00am-— 6:00am.—
5:00 p.m. 6:00 p.m. 5:00 p.m. 8:00 p.m. 4:00 p.m. 4:00 p.m. 6:00 p.m. 6:00 p.m. 6:00 p.m.
Trips/Day 142 95 63 85 195 7 275 35 95
Vehicle Size 15/2/2 15/2/2 8/2/2 15/2/2 15/2/2 15/2/2 15/2/2 15/2/2 8/2/2
Vehicle Fleet 7 3 16 8 10 1 20 4 4
NU DRT Estimates
Fleet Sizeto Serve 9 3 5 7 10 1 11 2 3
95% of Trips
Fleet Size to Serve 10 4 5 8 12 1 13 2 4
100% of Trips
Trips Served by Actual ~ 80% 98% 100% 100% 95% 100% 100% 100% 100%
Vehicle Fleet
Trip Characteristics
Vehicle-miles/Trip 36 24 12.8 12.6 5.0 16 38 39 19
Average Speed 14.2 116 18.0 20.2 305 7.3 16.5 9.3 13.0
Trips/Vehicle/Day 20.3 317 3.9 10.6 19.5 7.0 13.8 8.8 23.8
12
P Schaumburg
Rich
10 Twp
* Auro|
(O]
T 8
E
7
8 L 2
o\o ane County
N 6
S DuPage
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(a)
24
Bensenville P Woodstock
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0 5 10 15 20 25

Actual # of Vehicles

Figure22. NU DRT estimate of the fleet size required to carry 95 percent of daily trips versus actual fleet size.



NU DRT produces estimates of vehicle requirements that
are fairly close to the actual fleet sizes for the nine Pace ser-
vices tested here. When there are large differences, there is
usually a plausible explanation for the error. This and other
tests support the validity of NU DRT for producing a rough
estimate of vehiclerequirements. It isimportant for the reader
to keep in mind that (1) thisisarough model intended to esti-
mate vehicle requirements when little else is known, (2) the
actual fraction of demand served is not known, and (3) there
may be additional factors affecting fleet size that are not or
cannot be reflected in the NU DRT estimating tool.

Users should recognize that many assumptions are built
into the NU DRT software that support its general applica
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bility, but, at the same time, these assumptions may limit its
ability to replicate particular situations. This may be the case
when the actual trips demanded and/or the network and travel
time characteristics produce significant distortions of the ser-
vicetimes. It isimportant for usersto anticipate these factors
and to build them into the input data.

In cases where special circumstances cannot be reflected
in the input data, judicious adjustments may be required.
Although thereisno substitute for local knowledge and good
judgment in making estimates of required fleet size, NU DRT
can quickly provide users with rough guidance on vehicle
requirements and can support rapid and extensive sensitivity
analysis to assess service design options.
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CHAPTER 6

CONCLUSIONS AND FUTURE RESEARCH

CONCLUSIONS

NU DRT is a useful and easily applied tool for support-
ing planning of new DRT services, extensions of DRT to
larger service areas or additional types of riders, and conver-
sions of fixed route transit lines to DRT services. The fleet
size estimates it produces compare favorably with observed
values, and, when substantial deviations occur, they can usu-
ally be explained in terms of unique area or market charac-
teristics. Although NU DRT represents a significant simpli-
fication of the operation of a DRT service, the underlying
simulation model accounts for the most important factors
affecting required vehicle resources.

NU DRT is designed to balance realism with ease of use;
and, in particular, the software is designed to minimize the
task of supplying input data. Although it is not network-
based, NU DRT does account for the geography of the ser-
vice area through the spatial coordinates of census block
groups. Demographic and spatial datafrom Census 2000 are
packaged with NU DRT, and built-in parameterswere derived
from widely used sources describing travel in general and
travel by those with mobility limitations in particular. The
program iswell grounded in the existing knowledge of DRT
travel patterns.

NU DRT is, however, arough model, and as such it cannot
be expected to represent any particular areawith ahigh level
of precision. It can support DRT feasibility assessment and
initial fleet planning, but more detailed analysis may be war-
ranted for service design. Because it is not network-based,
NU DRT cannot capture every nuance of a specific setting,
and, therefore, users can expect some difference between the
number of vehiclesactually required for service and the num-
ber called for by the estimation tool. Under most circum-
stances, these differences should not be large.

Thereisno substitute for local knowledge and experience,
and users should be cautious of NU DRT estimates when trips
are unusually distributed between origins and destinations or
by time of day, such as when trips are focused during only a
few hours of the day (more than just normal trip peaking) or
when unusual spatial patternsoccur (other than “ many-to-one”
markets). Because NU DRT is not a network-based simula-

tion, travel time distortions caused by severe bottlenecks or
other unusual travel barriers (beyond those that the model
can represent) may substantially affect the accuracy of the
model estimates.

FUTURE RESEARCH AND DEVELOPMENT

A number of improvements could enhance the value of
NU DRT. For example, additional model parameters could
be made availablefor user control. One example would beto
allow users to specify average travel speeds by time of day.
Thismight increase accuracy by asmall amount, but it would
also place additional burdens on users.

The model might be adapted to deal with multiple vehicle
types to support testing of DRT fleets composed of vehicles
with different capacities. This would require a significant
increasein model complexity and processing time, but it might
provide the improved planning capabilities required by more
advanced users, even though most users would continue to
work with asingle-vehicledesign. The current single-vehicle-
type model structure seems adequate for initial planning
because it is a very simple matter to test different vehicle
sizesand to devel op judicious estimates of the effect of amix
of vehicle types on total fleet requirements.

The most useful enhancement of NU DRT would be the
addition of a simple demand estimation module. It would be
important to develop and deliver this as another rough model
to limit the effort required of the user to supply input data. For
example, DRT trips demanded might be estimated based on
available census demographic data and definitions of rider
markets. To develop such amodel, it will be necessary to have
actual DRT demand for enough different settings to perform
statistical estimation. Although the annual NTD reports the
number of trips carried for the DRT services of most transit
operators, these data do not include information on what frac-
tion of the true demand is actually served. A model built on
these data would tend to underestimate actual DRT demand.
Finally, it would be valuable for the community of users of
NU DRT to share their experiences to identify estimation
biases and ways to account for them.
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APPENDIX A

A-1

NU DRT SOFTWARE OPERATING SYSTEM REQUIREMENTS,
INSTALLATION INSTRUCTIONS, AND START-UP

This appendix provides information on operating system
requirements and installation procedures for the NU DRT
software provided on CRP-CD-40, which accompanies the
report. Also provided on the CD-ROM is a user manual for
NU DRT and supplementary documents.

OPERATING SYSTEM REQUIREMENTS

Operating systems that will run the NU DRT software
include Windows 95, Windows NT4, Windows 98 SE, Win-
dows 2000, Windows ME, or Windows XP. At least 10 MB
of hard disk space should be available.

INSTALLATION INSTRUCTIONS

To install the program, insert the CD into the CD-ROM
drive. Open the CD-ROM (via the operating system) and

click on the setup.exefile on the installation CD. The instal-
lation process will begin and should proceed automatically.
To remove the software, use the “Add/Remove Programs”
feature of your operating system.

STARTING THE PROGRAM

After installation, the program can be launched from the
Start — program menu. Click on “NU DRT” in the program
menu and then on “NU DRT” in the submenu to launch the
program. NOTE: When running the program, theinstallation
CD must be in the CD-ROM drive.




Abbreviations used without definitions in TRB publications:

AASHO
AASHTO
APTA
ASCE
ASME
ASTM
ATA
CTAA
CTBSSP
FAA
FHWA
FMCSA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
NTSB
SAE
TCRP
TRB
U.S.DOT

American Association of State Highway Officials
American Association of State Highway and Transportation Officials
American Public Transportation Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers
Institute of Transportation Engineers

National Cooperative Highway Research Program
National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Society of Automotive Engineers

Transit Cooperative Research Program
Transportation Research Board

United States Department of Transportation
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