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Simulation and Demonstration of
Innovative Transit Services

THE DECLINE of urban public trans-
portation in the middle third of this
century has been the subject of much
concern. Few would deny the necessity
for an effective system of public trans-
portation to provide an adequate level
of mobility to the young, the aged, the
oor, and the handicapped who may not

ave access to automobiles, or who may
choose not to drive. And few doubt the
value of rapid transit, of one type or
another, in reducing traffic congestion
and providing better access to major
activity centers.

To help restore the vitality of urban
public transportation, National and local
governments, industry, universities, and
professional societies have been investi-
gating both technological innovations for
improved efficiency and performance and
also service innovations for greater con-
venience and amenities in travel. Re-
search by General Motors has included
three major categories of travel: loeal
area travel within neighborhoods, com-
munities, suburbs, central cities, and new
towns; longer distance urban travel via
roadways and rapid transit facilities
which constitute metropolitan arterial
networks; and circulation within major
public places such as central business
districts, and large airports.

Candidate systems which may meet
these various needs have been identified
and classified as a function of the char-
acter and scale of metropolitan units
(Canty, 1969). Several of the more
promising new system candidates in-
cluded Demand-Responsive Jitney (or
Dial-A-Bus) service in local areas (Table
1); Bus Rapid Transit, for arterial
travel in lower density metropolitan
areas (Table 2); and automated guide-
way systems within central business dis-
tricts and airports (Table 3). Dual Mode
Transit facilities would provide for in-
tegration of the collection, arterial and
downtown distribution functions. That
is, a Dual Mode Transit Vehicle could
be operated as a Demand-Responsive Jit-
ney in local areas, on a guideway to
provide bus rapid transit, and staying
on the guideway as a circulation system

*Trangportation Research Depart-

ment, General Motors Research Labora-
tories, Warren, Michigan 48090.

Google

by
Eugene T. Canty®

in downtown areas. These were amon

the modes investigated by Genera
Motors in its New Systems Implementa-
tion Study for the U.S. Department of
Housing and Urban Development (Can-
ty, et al,, 1968), and have been the sub-
ject of much subsequent research, analy-
sis, and simulation by General Motors
and other organizations.

It is one of the purposes of this paper
to illustrate how the process of techno-
logical innovation and service improve-
ment in urban transportation may be
aided by the application of modern digi-
tal computers and operations research
methods in comprehensive simulations of
proposed new systems at an early point
in the development cycle; and by the
use of consumer attitudinal surveys and
multivariate statistical methods to esti-
mate potential user acceptance prior to
the commitment of major technical and
financial resources to product develop-
ment. From the experience of General
Motors Research Laboratories in the
study of a wide range of new transporta-
tion systems, examples are given of in-
novative bus services.

DEMAND-RESPONSIVE JITNEY
STUDIES

Demand-responsive transportation us-
ing small motor coaches has variously
been called Demand-Responsive Jitney,
Dial-A-Bus, Dial-A-Ride, Computer-Aid-
ed Routing System, DART, and other
names. The concept, which involves flex-
ible routing and scheduling of vehicles
in response to individual traveler’s needs,
with highly methodized and sometimes
computer-aided dispatching procedures
(Figure 1), is only a decade old, having
first been reported and discussed in a
1964 symposium at Stanford Research
Institute (Jones, 1964). Since that time,
the concept has been extensively studied
and a number of operational system
demonstrations are now in progress in
various cities, principally within the
United States and Canada.

The General Motors Research Labora-
tories efforts with regard to Demand-
Responsive Jitney service include atti-
tudinal surveys, system design, digital
computer simulations of the system
matched to the needs of a real city,
market research and economic analysis.
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Table 1. MODES FOR LOCAL AREA TRAVEL
INTRA- INTRA- INTRA-
URBAN SCALE NEIGHBORHOOD COMMUNITY TOWN
TRAVEL TRAVEL TRAVEL
HIGHER DENSITY ePedestrian movement oPedestrian movement eAutomobiles

(5,000 to 10,000
inhabitants per
square mile)

eBicycles, motorcycles

sBicycles, motorcycles
eAutomobiles

oFixed-Route Public Transit|eDemand Jitney Service
(e.g., surface bus route)

eBicycles, motorcycles
oF{xed-Route Surface Transit

oFixed Guideway Transit Service
eRapid Transit Bus
(collection/distribution)

LOWER DENSITY
(1,500 to 2,500
inhabitants per
square mile)

oPedestrian movement
eBicycles, motorcycles
eAutomobiles
oE1anentary School Buses

eBicycles, motorcycles
eAutomobiles

eSecondary School Buses
eDemand Jitney Service

eBicycles, motorcycles

eAutomobiles

eDemand Jitney Service

oRapid Transit Bus
(collection/distribution,
demand routed

Table 2. MODES FOR ARTERIAL NETWORKS

METROPOLITAN SCALE
SMALL | LARGE
COMMUNITY SCALE
HIGH DENSITY LOW DENSITY HIGH DENSITY LOW DENSITY
PUBLIC oRail Rapid Transit oBus Rapid Transit oRail Rapid Transit eBus Rapid Transit
TRANSIT oGuideway Bus (Metro-Mode) oDual Mode Transit
e Improved Freeways
cg}/élgs eImproved Freeways oDual Mode Systems
INTEGRATED d oBus Rapid Transit |eDual Mode Systems eDual Mode Systems
MODES (Integrated :° e Via Freeway Lanes | (with captive transit | (with captive and
(PUBLIC & Not Required) and Medfan Strips | and freight vehicles)| dual mode transit
PRIVATE) and freight vehicles)
Table 3. MODES FOR CIRCULATION WITHIN MAJOR PUBLIC PLACES
C8Ds OF MAJOR
PLACE TOWN CENTERS
SCALE AND SHALL CBDS HETROPOLITAN MAJOR AIRPORTS LARGE CAMPUSES
SMALL .
(High None :g::;::u:::ei";;:::]’es eContinuous Systems oContinuous Systems
Density)
LARGE eImproved Pedestrian | eShuttle Buses; ePeople Movers; eBuses;
(Low Ways ePersonal Rapid eShuttle Systems e"Elephant Trains"
Density) Transit;
eInterlaced People
Mover Shuttles

Source: Canty [1969]

Since the basic philosophy underlying
the Demand-Responsive concept is to
provide service which meets user needs
and wishes, our work began with an in-
vestigation into the relative importances
that various people place upon thirty-
two selected attributes of transit service.
These attributes ranged from the usual
fare level and travel time factors,
through various comfort and convenience
attributes, and included a number of
sociological and psychological aspects
relevant to such service.
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The results of a total random sample
of 786 home-interview survey respond-
ents are shown in Figure 2, together
with the results for the subsample of
elderly residents. Other subsamples in-
vestigated included teenagers, working
wives, the poor, and the affluent. For
detailed data, see Gustafson, et al.
[1971] and Golob, et al. [1972].

An additional survey involving 817
home interviews was concerned with
preferences with regard to a variety of
subsystem design features, for example:
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SIMULATION AND DEMONSTRATION OF SERVICES

BUS-1

Figure 3. Reactive Graphic Display, Vehicle Tours,
Demand-Responsive Jitney Simulation

ficiently detailed and realistic to yield
valid estimates of system performance,
and to provide a basis for sizing and
cost estimation (i.e., supply functions
for economic analysis). The performance
and cost estimates were combined with
the results of a market research study
(which yielded demand functions) in a
general economic feasibility study of the
Demand-Responsive Jitney System. Ex-
ample results are given in Figure 4;
more detailed results are provided in
Golob and Gustafson (1972), including
the effects of alternative driver wage
rates, bond interest rates, etec.

The ability to perform the detailed
computer simulation of the Demand-
Responsive Jitney service is clear evi-
dence of the system’s technical feasibil-
ity. While the economic study results
are directly applicable only to the case
study community, the pattern of inter-

lay between levels of service, fare
evels, ridership, and possible operating
cost subsidies is clear,

Several demand-responsive systems
are now in operation or being demon-
strated, primarily in North America.
Technical descriptions and operational
results have been reported in a series
of technical conferences under the au-
spices of the New Transportation Sys-
tems and Technology Committee of the
Highway Research Board, U.S. National
Academy of Sciences, and/or by Profes-
sor D. Roos of the Massachusetts Insti-
tute of Technology. See HRB Special
Report 124 (1971), Roos (1972), and
HRB Special Report 136 (1973).

While the operating experience from
these various service demonstrations
varies from city to city, Roos {1972]
has provided a comparison of the various
systems. His findings are generally con-
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Figure 4. Supply and Demand Functions, Two Examples,
Demand-Responsive Jitney Economic Analysis

sistent with the results of the General
Motors Demand-Responsive Jitney Case
Study with regard to: vehicle design re-
quirements and customer preferences;
levels of fare and allowable service de-
lays which are acceptable to the public;
system productivity with regard to
utilization of drivers and vehicles; and
operating costs. We are looking forward
to further results from these service
demonstrations and from the computer-
ized dispatching service which is under
test in Haddonfield, New Jersey, under
the sponsorship of the U.S. Urban Mass
Transportation Administration. This
data will be used to further validate the
effectiveness and value of computer sim-
ulations and public attitudinal surveys
in the early evaluation of proposed new
systems of urban transportation.

BUS RAPID TRANSIT STUDIES

Larger metropolitan areas require
rapid transit facilities for arterial travel:
i.e.,, conventional commuting from out-
lying suburban areas to major activity
centers and other locations in the cen-
tral city, so-called reverse commuting
between central city homes and suburban
job opportunities and, to a lesser extent,
transportation in crosstown -corridors.
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SIMULATION AND DEMONSTRATION OF SERVICES

should be helpful in firming up the sys-
tem design and in estimating potential
ridership.

Mathematical models have been devel-
oped and calibrated for estimating vari-
ous social and environmental impacts of
urban freeway and guideway construc-
tion, including such impacts as the num-
ber of families who would have to be
relocated (Ventura and Mehta, 1973).
The resulting estimates are used in the
evaluation of the overall costs and bene-
fits of new system implementation.

SUMMARY AND CONCLUSIONS

Successive stages of system develop-
ment, from concept formulation to de-
sign to development to experimental test
to service demonstration to widespread
implementation, involve successively
larger investments of technical effort,
time, and capital. It is desirable to opti-
mize such investment and minimize tech-
nical and financial risk by testing, eval-
uating, and modifying or scrapping new
system concepts as early as possible in
the development cycle.

Examples have been given of General
Motors use of analytical models, com-
puter simulations, and attitudinal sur-
veys in a program of research and de-
velopment toward new systems of urban
transportation. We feel that this analy-
gis-simulation-survey approach is an ef-
fective way to predict the eventual per-
formance of proposed new systems of
public transportation, and we are hope-
ful that it will be an effective means
of forecasting public attitudes toward
and acceptance of such new systems.
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