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Simulation of large complex systems is a method of 
evaluating various combinations of system components. 
This paper describes the use of interactive simulation 
as a method to analyze various operating policies for 
command and control of dual-mode transit systems. 
A detailed discussion is presented in the analysis of 
various operational concepts. These concepts include 
the analysis of alternative vehicle control logic, fail-
safe headway safety systems, centralized versus dis-
tributed control, and on- and off -guideway vehicle man-
agement techniques. 

COMMUNICATION SYSTEMS FOR 
DUAL -MODE TRANSPORTATION 

Reuben E. Eaves and Ralph D. Kodis, Transportation 
Systems Center, U.S. Department of Transportation 

The communications requirements of dual-mode trans-
portation systems are discussed for both the on-
guideway and off -guideway modes. Candidate commu-
nication systems are classified according to their prin-
ciple of operation, and the characteristics of the sys-
tems are described. The suitability of these systems 
is assessed on the basis of dual-mode requirements, 
Federal Communication Commission restrictions, and 
physical and electrical limitations. 

Command and control for vehicles on the guideway 
are the most critical functions that the communication 
system supports and require a highly reliable, always 
available, link. Radiating systems in the land mobile 
frequency band are unsuitable for command and control 
because the limited number of licensed channels would 
force vehicles to wait for an opportunity to communicate. 
Sufficient spectrum space may be available at higher 
frequencies, such as the 9-GHz region employed by the 
circular waveguide, but the equipment and precision in-
stallation required may be needlessly expensive. Con-
sequently, the possible communication links are nar-
rowed to nonradiating and contact systems within the 
FCC limits for unlicensed devices. 

Nonradiating systems of the surface-wave type are 
suitable only if rather stringent limits on lateral vehicle  

motion and guideway turning radius are satisfied. The 
restriction on lateral vehicle motion is unlikely to be 
satisfied, except for tightly confined vehicles on tracks; 
and the restriction on guideway turning radius is sure 
to be violated in all cases. Therefore, surface-wave 
structures can be eliminated as serious candidates, 
leaving inductive and contact systems for consideration. 

Communication through direct contact with a signal 
rail is generally justified only for systems in which the 
supporting structure for the rail and the vehicle contact 
arm have an independent reason for existence. Such sys-
tems include those in which vehicles are powered from 
a wayside rail and those that use an arm in lateral con-
trol. The technique of superimposing communication 
signals on the power rail is likely to be prohibitively ex-
pensive because of the large number of vehicles and 
nodal points that require filtering equipment. 

Inductive lines are not required to withstand the me-
chanical stresses encountered in contact systems, and 
their installation does not demand as much precision. 
Consequently, if supporting structures are counted as 
a part of the system, inductive systems can be expected 
to be less expensive than contact systems. Most com-
monly, inductive lines used for communications are 
buried in the roadway; and, if the command and control 
system uses inductive fields to detect lateral vehicle 
motion, it is sometimes possible to satisfy the detection 
and communication functions with the same inductive 
lines. 

In the off-guideway mode, vehicles are not confined 
to a relatively small number of arteries, but rather can 
range throughout a metropolitan area with the freedom 
of other traffic. Consequently, a communications sys-
tem with broad coverage is needed. Nonradiating sys-
tems can be excluded because they provide communica-
tion only over a narrow path. Radiating line sources 
installed along all possible routes may be technically 
feasible, but are an inefficient and expensive means of 
general coverage. Clearly, the best method of provid-
ing off -guideway communications is through conventional 
localized antennas. 

EVALUATION OF DEMAND-RESPONSIVE 
SERVICE FOR DUAL-MODE BUS 
SYSTEMS 

D. L. Kershner, Applied Physics Laboratory, Johns 
Hopkins University 

A basic requirement to be addressed in the development 
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of dual-mode bus transportation is the selection of sys-
tem operating policies. This decision is of immediate 
concern because of its influence on system hardware 
and software design requirements. This paper evalu-
ates a station service policy in which the decision for 
vehicles to stop at stations is made on a real-time, 
demand-responsive basis. A steady-state analysis of 
the impacts of demand -responsive station stopping, 
from the perspective of the system and the passenger, 
was performed for an urban dual-mode system. The 
results of this analysis suggest that demand-responsive 
operation has a more significant impact on system mea-
sures of performance (e.g., CBD station flows, vehicle 
kilometers and hours of operation). These results im-
ply that operating policies for on-guideway, demand-
responsive service should give equal priority to system 
design and operational considerations and to passenger 
service goals. 

DYNAMIC SCHEDULING FOR 
DUAL-MODE NETWORK CONTROL 

Ronald G. Rule, Department of Electrical Engineering, 
Ohio State University 

Dynamic scheduling, a new approach to network control, 
is evaluated by simulation techniques. Although this ap-
proach was the concept of synchronous slots, it does 
not use preprogramming or origin-destination slot res-
ervations as is common to many schemes. Rather it 
uses a combination of path reservations through inter-
changes (as each one is approached) and maneuvering-
space reservations (for the next interchange). Control 
tasks concerned with individual vehicles (e.g., schedul-
ing and maneuvering) are handled at the local level, 
and those concerned with vehicles in the aggregate (e.g., 
lane flow distribution and entrance flow control) are 
handled at the central level. 

Dynamic scheduling was evaluated by simulations 
of a variety of networks including directional inter-
changes, entrance-exit interchanges in a loop, and a 12-
interchange urban network. The findings are that (a) 
flow rates through interchanges will, in general, be 
limited by the interactions among vehicles maneuvered 
on the approach lanes; (b) a traveler's expected total 
longitudinal maneuvering delay and its dispersion in-
crease with both the level of demand on the system and 
the number of interchanges traversed; and (c) based on-
simulated egress flow restrictions, blockages appear 
to be effectively handled by this approach. 

DUAL-MODE SYSTEM MANAGEMENT 

A. M. Yen, Mitre Corporation 

Aspects of construction and operation of an effective 
dual-mode transit system (DMTS) are considered in 
this paper. A general network geometry model is sug-
gested for guideway configurations. A preliminary re-
sult suggests that the CBD guideway might best be a 
rectangular form. Off-guideway zoning, based on a 
modified Manhattan distance approach, provides possible 
zones with a theoretically minimal distance for vehicle 
dispatching. The present concept of medium-sized ye- 

hides and liberal headways has reduced the degree of 
complexity of network control problems. However, 
future research in controls should concentrate on areas 
unique to dual-mode characteristics. 

There is a need for selecting a DMTS network con-
figuration according to an optimal geometry to provide 
a system with minimum cost. Some methods that can 
be used to initiate such a study are suggested. However, 
physical constraints, such as land use and engineering, 
may yet dominate any changes in the network geometry. 
As for the command and control of DMTS, this paper 
emphasizes that future research should be directed to-
ward topics that are particularly significant to the dual-
mode characteristics, both in vehicular control and 
demand -responsive applications. 

DUAL-MODE TRANSIT SYSTEM HAVING 
DEMAND SERVICE, SCHEDULED SERVICE, 
AND A DYNAMICALLY ADAPTIVE CYCLE 
ROUTE POLICY 

David H. Winfield, IBM Corporation 

A dual-mode transit is assumed in which in mode one a 
vehicle is driven on city streets by an operator and in 
mode two the vehicle enters a guideway system to travel 
under automatic control. The system offers point-to-
point demand service, scheduled service, and a service 
called cycle route policy (CRP). 

The CRP dynamically recomputes routes and allots 
vehicles to routes in response to changes in link travel 
times and demand. Each passenger travels a minimum-
time route from origin to destination. The vehicle paths 
are cycles. Every origin-destination (trip) pair gener-
ates a cycle consisting of the minimum-time route from 
origin to destination and return. In this process several 
pairs may generate the same cycle. The cycle routes 
are the distinct members in the set of cycles so formed. 
The number of vehicles circulating on each cycle is ade-
quate both to service all passenger requests for trips 
that are generators of the cycle and to provide at least 
a minimum frequency of service. 

The three types of service are compared with respect 
to cost and the demand conditions for which each is ap-
propriate. A vehicle management system that uses all 
three types of service simultaneously is recommended. 
The method applies to vehicle paths on or off guideway. 


