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SECTION 1. SUMMARY

An evaluation was performed on four network control stra-
tegies for the fundamental control philosophy of the moving
synchronous slot for the purpose of selecting the most plausible
approaches for further development and highlighting the critical
problem areas associated with each of the control strategies.

The approach used in performing the study was based upon a
literature survey and a qualitative evaluation of the proposed
concepts. A preliminary conclusion based on system utilization
and technical complexity resulted in selection of two possible
approaches: The deterministic slot/cycle concept with reserva-
tions made in real time, and the quasi-synchronous slot concept
with entrance station throughput modulated by historic demand
data. A further trade-off study was made for these two approaches
to determine if issues such as system design, system failure,

or a passenger convenience could be used to select one concept.
The conclusion from the study showed that the deterministic slot/
cycle system had more benefits than the quasi-synchronous approach,
however, the issue of system failure and recovery was of such
importance that the inability to satisfactorily solve this pro-
blem for deterministic control could lead to the abandonment of
the concept.



SECTION 2. NETWORK CONTROL

2.1 GENERAL

The central controller in a dual mode network is expected to
be a system traffic coordinator capable of performing collection,
processing and storage of information related to billing, his-
torical usage (demand), and real time control of guideway oper-
ations. The operation of real time_control is concerned prim-
arily with the following functions:

1. Scheduling use of guideway space to avoid conflicts;

2. Routing a trip via some path as determined by the con-
trol algorithm;

3. Monitoring or managing the overall network, i.e.,
monitoring performance, detection of failures, dis-
tribution of control to local wayside controllers, etc.

Within these general areas the scheduling of vehicles through
the system to avoid conflicts is the first important requirement
to be met by a control system. A survey of available literature
1,2,3,4,5 indicates that the moving cell philosophy provides

one vehicle control technique that can be used in moving vehicles
along a guideway to perform this function. Another control
technique that is available for automatic control is the "car
1ollowing technique;" however, this concept is not considered in
this discussion. With the synchronous cell control philosophy,
an automated network is covered by hypothetical contiguous cells
moving in a pre-established position time profile as shown in
IFigure 1. Vehicles entering the network are assigned cells
which they are to occupy, until the system control reassigns

the vehicles to a different cell or until the vehicle leaves the
guideway. Four scheduling approaches are available to implement
this moving cell philosophy. They are (1) stochastic scheduling,
(2) stochastic scheduling using historic data, (3) historical
deterministic scheduling, and (4) real time deterministic sche-
duling. Each will be explained in more detail below. The most
critical flow points in an automated vehicle network are the
high-speed merge points, where two streams of vehicles come to-
gether to form one stream of vehicles?. As shown in Figure 2,
the merging problem can be handled, using the moving-cell app-
roach, by assuring that coincident or merging cells are not both
occupied when vehicles reach a merge point. The merging situa-
tion at interchanges in an automated network (as opposed to the
simple merge of two one-way streams) will lead to even greater
restrictions.? Such interchanges could have eight diverge points
and eight merge points. Interchange merging is greatly compli-
cated by the fact that a vehicle entering from one direction can
leave the interchange in any of three directions.
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2.2 STOCHASTIC SCHEDULING

Pure stochastic scheduling implies that vehicles are allowed
on the network based on a space available basis at the entrance
terminal merge point. If vehicles are allowed to enter cells on
the automated network without consideration of the resultant
flows at downstream merge points, as in the pure stochastic
approach, a large amount of maneuvering of vehicles between cells
in order to provide smooth flow through these merge points is
necessary. The maneuverability of vehicles before merges is
limit=d, however, by the distances over which maneuvering can be
accomplished and by the performance capability of the vehicle
doing the maneuvering.2 Furthermore, a large number of vehicles
impinging on the same merge point can result in large clusters
of vehicles at these merges all requiring maneuvering to avoid
collisions; hence, allowing unrestricted cell assignment at
entrances could lead to situations which will require that
vehicles be ejected from the network of queued on_ the network
in order to prevent a collision at a merge point.3 This chaotic
situation is not much better than the present highway system
where flows to the network are stochastic.

2.3 HISTORIC STOCHASTIC SCHEDULING

To best utilize a stochastic scheme, scheduling of trips
should be determined to minimize unresolved conflicts at the
merges. The information required to implement a stochastic
scheduling technique to minimize problems, must be collected
from real time trip data. This data would be used to apportion
certain flows at specific times from each entrance, i.e., a "trip
budget" would be allocated each entrance terminal. Historically
this budget would be changed as the demand changed in time, (e.g.
time of day, day of week, seasonal, etc.). For example, consider
the simple network shown in Figure 3. A vehicle located at
lerminal A wishes access to the system for travel to some destina

ion designated F. 1In the stochastic scheduling system the cen-
tral controller or station controller at A must simply ascertain
1f an open slot is available upstream at a time such that a
vehicle can safely merge into the stream of traffic. At the tim
of merge the vehicle from terminal A knows nothing about con-
ditions downstream and hence, depending on the flows at merges
C and E, a queuing situation could develop either on the main
line or from lines C and E. From historic demand data, however,
flow from each of the stations could be restricted to some maxi-
mum at a given time to reduce the probability of overloading
links on a network beyond their capability, and thereby reducing
the probability of a queue. 1In this control process, each
vehicle must be capable of slipping slots or advancing slots at
intersections to allow safe merges, however, the queue time or
length of queue can only be controlled to the degree that his-
toric data can be used to limit flows from stations.
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2.4 DETERMINISTIC SCHEDULING - HISTORIC AND REAL TIME

One method to prevent queuing on the network and eliminate
possible chaotic consequences, is to assure every vehicle a
smooth passage through all of the merges on its route before it
enters the automated network. This approach is similar to the
guaranteed reservation system utilized in present rail and air
transportation systems. This network operating philosophy which
routes the vehicle through the network such that all maneuver
constraints are met before allowing a vehicle to enter the net-
work, is referred to as preprogramming or deterministic space
allocation slot reservation.2:%,5 The task of assuring smooth
passage for all vehicles through a DMV network containing many
high-speed merges while maintaining high usage of links and pre-
venting large queues of vehicles at entrances to the network is
a difficult one. A DM vehicle on a typical network might, on
the average, have to pass through three or _more interchanges
(or six or more merges) on a typical trip.2 The importance and
complexity of preprogramming becomes even more evident when it
is realized that a typical 200 mile network might have 25 inter-
changes (equivalent to 200 merges) that have to be coordinated
under stochastic vehicle demands.

One type of control system preprogramming assigns or pretags
slots at entry points for a valid destination. The vehicle tra-
vels to its destination without maneuvering at any merge to avoid
a conflict with any other vehicle on the network. Computation of
the slot-trip scheduling would be performed ahead of time, off
line, based on a traffic demand model which could be updated from
historic data. Hence, a vehicle requesting a particular trip
would wait until his slot came along. A second approach to this



basic theme would require the control scheduling system to search
in real time for a slot which has not been reserved by any other
vehicle. Thus, the scheduler must have information about all
trips in progress. The implications of this single-cell or slot
programming concept is discussed with respect to Figure 4. Sup-
pose that a vehicle waiting at entrance point A wishes to travel
through interchanges 1 and 2 to exit point E. Further, suppose
that travel times from B to C, G to C, and F to C are equal, and
that travel times from B to D, H to D, and J to D are also equal.
If the vehicle at point A upon entering the network occupies

the cell which is now at point B, then that vehicle can enter
the network only if:

1. The cell now at B is unoccupied;

2. The cells now at G and F do not contain a vehicle
which will pass through point C;

3. The cells now at J and H do not contain a vehicle
which will pass through point D.

Since all three of these conditions must be simultaneously
satisfied before the vehicle at A can enter the network, even
moderate flows on the guideway links can result in a long wait
for that vehicle at the entrance. The result is a degradation
in entrance station efficiency and guideway utilization.3

In a larger network than that shown in Figure 4, moderate
flows on network links would result in long waiting times at
many entrances to the network. The end result is that large
queues of vehicles build up at entrances while at the same time
link volumes are low. Since these effects are contrary to a
goal of maximum link utilization for a DMV system, other types
of preprogramming should be considered for complex networks.

A variation of this basic slot prescheduling technique re-
guires vehicles to shift from one cell to another cell, i.e., to
maneuver, in order to negotiate a merge. One such possibility
for preprogramming requires that the exact cell that a vehicle
will be in just after each merge point on its route be pre-
planned before a vehicle enters the network. The vehicle or the
central computer would store this information and the required
maneuvers would be performed at the appropriate times. This type
of preprogramming requires a tremendous storage of information
about the relationships between the positions of all vehicles on
the network. The maneuvering plans of many vehicles already on
the network would have to be considered, and perhaps modified,
by the central computer before a decision could be made about
allowing a single vehicle to enter the network. This method is
similar in concept to the historic stochastic scheduling process
except that all conflicts are resolved in real time by a control
computer prior to processing a vehicle from a station to the
network, rather than resolving conflicts at merges via local

6
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controllers and allocating "serving budgets" to stations based
on historic data. The central computer data processing require-
ments would be large for this system.

2.5 SLOT/CYCLE DETERMINISTIC PRESCHEDULING

A type of prescheduling which uses some of the attributes
of stochastic maneuvering at merges and guaranteed free flow
through the system is the slot/cycle concept. Maneuvering of
vehicles is required, but the exact cell that a vehicle will
occupy at each merge point is not preplanned before the vehicle
enters the network. Instead, only the availability of an empty
cell among a group of cells is preplanned. Hence, information
storage requirements are greatly reduced, and the central com-
puter does not need to consider the specific future actions of
many vehicles before allowing a vehicle to enter the network.

The strategy for this type of preprogramming, which will be
called cycle/slot preprogramming, is as follows:

1. Define a cycle as a group of (n) contiguous slots
(typically n < 10). The exact time that a cycle
at an entrance will begin to pass through each
downstream merge point of the network is known.

7



2. A vehicle enters a specific cycle at an entrance and is
never allowed to move out of that cycle while in the
network.

3. A computer keeps track of the number of vehicles already
on the network which will be present in all future
cycles at each merge point. (The number of cycles that
the computer must keep track of, at a specific merge
point, depends on the distance from that merge point
to the upstream entrance that is farthest from the
merge point).

4. Since a cycle has (n) slots, (n) is the maximum numbec:
of vehicles which can be scheduled to pass any merge
point in any given cycle.

5. A vehicle at an entrance is allowed to enter the net-
work in a given cycle only if, at each merge point on
its route, less than (n) vehicles are already scheduled
to pass that merge point in the considered cycle.
Obviously, there must also be less than (n) vehicles
in the cycle that the vehicle will occupy when it first
reaches the guideway, and the entering vehicle must be
assigned to an unoccupied slot in that cycle.

6. Vehicles maneuver under local control, on the ramps in
the interchange area, in order to assure that each slot
in a cycle is assigned no more than one vehicle at the
merge points in the interchange area. Because any
maneuvering of vehicles on an inbound lane must be
accomplished among vehicles that will have different
output directions, and since the flows on all outbound
lanes of an interchange must be considered simultaneously,
very little useful maneuvering can be accomplished before
reaching an interchange.3 More efficient maneuvering
can be accomplished on the ramps withing the interchange
area when the vehicles are segregated with respect to
output direction.

7. The number (n) of slots per cycle must be chosen such
that local maneuvering can always accomplish merging at
all interchange areas in the network.

This concept results in allocating all queueing to the
stations, complete information to the user on probable wait and
travel time prior to entering the system and a guaranteed non-
stop journey once on the network, assuming no failures. The con-
trol and scheduling system requirements are complex at best and
a thorough analysis of throughput for extensive networks with
many merges has yet to be evaluated. Preliminary investigation
has determined that vehicle ability to enter the network improves
as the number of slots per cycle increase to some level, e.g.,
less than 20, but the number of slots per cycle is limited by the

8



space available for maneuvering on interchange ramps and a time
synchronization problem between cycles merging at intersections.
The interactive nature of these constraints is reviewed in Ref-
erence 6.




SECTION 3. COMPARATIVE ANALYSIS

The choice between the above alternatives is a function of

technical feasibility and the goals established for the dual mode
With respect to the latter, a need for maximizing vehicle

system.

throughput is postulated as the most likely goal, i.e., maximize
the number ot vehlcles passing any given point on a guideway at
any given time. —

4.1 SUMMARY - ADVANTAGES AND DISADVANTAGES

With respect to the above criteria the following comments
ire made relative to each of the control concepts:

i 8

Historic Deterministic Prescheduling - Slot Concept

Technically a simple scheme, however, since it is
relatively inflexible because of the nature of user
demand, utilization of the system will be less than
than with some of the other concepts.

Real Time Stochastic Scheduling

From a command and control viewpoint the major sche-
duling emphasis is placed on the local controller.
Vehicles are assigned on a space available basis at
the local merge, thereby maximizing the number of
vehicles on the system. However, the on line guide-
way queuing problem could decrease throughput.
Technically it is relatively simple, however, utili-
zation in terms of throughput could be small.

Historic Stochastic Scheduling

This has the inherent advantage of processing vehicles
on a simple space available basis coupled with a his-
toric data base budget to allocate some specified
maximum flow rate from each terminal to minimize the
probability of conflicting merges resulting in large
queues.

Real Time Deterministic Prescheduling - Slot Concept

Searching for a non-conflict path through a major net-
work on a single slot basis would result in a low
overall throughput plus it would require the control
computer to store information on the exact location of
each vehicle in the system. Therefore, technically it
is complicated and its throughput will be low. Allow-
ing maneuvering of vehicles in the system to increase

throughput would place an enormous burden on the central

computer.
10



5. Real Time Deterministic Prescheduling -Slot/Cycle Concept

The cycle concept with (n) slots/cycle and with vehicle
maneuvering capability within cycles increases the pro-
bability of finding a "non conflicting path" through a
network. It reduces on-line queues to zero, and has in-
creased throughput compared to the single slot concept.
The network control and scheduling system is probably
more sophisticated than any of the other systems since
real time interaction processing of large amounts of
stored information is required between all portions of
the system. '

3.2 PRELIMINARY CONCLUSIONS

Based on this preliminary study as summarized in Table 1.,
it appears that the most probable system for automated control
is either the historic stochastic scheduling approach or the
real time deterministic prescheduling system utilizing cycles.
In order to gain some insight into each of these systems, it is
necessary to examine each of these concepts in more depth re-
lative to impacts each may have on a total system

'TABLE 1. CONTROL SYSTEM SUMMARY

ADVANTAGES DISADVANTAGES
1. Real Time Stochastic Technically simple- Problem of large
Scheduling Schedules vehicle to gueueing on system
network on space would lower throughput
available at entrance
ramp
2. Historic Stochastic Technically within Poor demand prediction
Scheduling state-of~-the-art model would result in
minimizes queueing queueing on system

on system utilizing
historic demand data

3. Deterministic Schedu- Technically simple- Random arrival of
ling-Historic (Slots) Preassign slot to vehicles at stations
destination would result in lower
utilization than other
concepts
4, Real Time Deter- None Searching for non-con-
ministic Preschedu- flict path through a
ling (Slot) large computer storage

required to keep track
of all vehicles

5. Real Time Deter- Smooth flow of Network control system
ministic Preschedu- vehicles on network. and scheduling system
ling (Slot/Cycle) No queueing on net- more complex

work. High utilization

11




The major functional difference between the two, in terms
of traffic flow on the system, is the method by which successful
merging is accomplished at intersections. Using the stochastic
system with synchronous control, each merge point to be negotiated
in the system could cause a queuing problem, with vehicles being
rejected from the system or being routed on an alternate path,
if available. Additional lengths of guideway and dissatisfied
customers are potential major drawbacks. With the deterministic
system all paths are prenegotiated, and again, assuming proper
system synchronization, no queues occur. Computational require-
ments, however, for the central computer can be very large. For
the stochastic system, each ramp, once designed, can handle a
finite number of stopped or nearly stopped vehicles before the
gqueue length causes a slowdown or stoppage of the feeding lane.
As the historic demand data base, which can be used to meter
vehi¢cles from terminals into the main stream, becomes refined
these queue lengths can probably be maintained at some reasonable
length. If the design incorporates real time information about
the merge situation at critical intersections, the station bud-
get allowance can be refined further. Using this demand in-
formation, flow rates from upstream terminals can be limited to
maintain flows such that successful merging can take place with
minimum guideway queues while attempting to maximize the number
of vehicles flowing on the system at a given time. 1In the ulti-
mate, the demand predictions could become accurate enough to
disperse vehicles from terminals at rates which allow successful
merging with zero or nearly zero queue time.

The deterministic slot/cycle process on the other hand
achieves this end immediately. It effectively manipulates ter-
minal demand data in real time and allocates, in a predetermined
manner, routing through merges to a destination. Hence, the
conclusion is that since a stochastic process approaches the
deterministic process in the limit, i.e., the stochastic system
can approach but not exceed the throughput achieved by the
deterministic system.

12



SECTION 4. STOCHASTIC VS. DETERMINISTIC
SCHEDULING - ADDITIONAL | SSUES

In addition to the utilization or user service level issue
associated with selecting the best control strategy, other
factors need be considered. Such issues are concerned with net-
work performance, system design, and user comfort and convenience;
these are discussed below with respect to the modified quasi-
synchronous historic demand and the deterministic slot/cycle
control strategies.

4.1 NETWORK PERFORMANCE ANALYSIS
4.1.1 Network Capacity

As discussed above, the deterministic system should achieve
the best utilization for a given network design.

4.1.2 Network Synchronization

The definition of synchronization is best explained with
the aid of Figure 5.2 For the deterministic system suppose a
cycle begins to pass point K at time t = 0. If the segment of
guideway KL is to operate synchronously, then the times tg that
a cycle begins to pass point K must satisfy

tye = iT; i=0,1, 2, ... (1)
where T is defined as the time it takes for passage of one cycle,
i.e., T = one cycle time. There are two paths from A to K,
namely, path ABCK and a longer path AEFGHK, of lengths dppck and
dagpguk respectively. In order for (1) to hold, the travel times
along these paths must satisfy the relationship t, reHK-EaBck=i1 T,
where i, can be any integer. Secondly, the control computer keeps
track of all reservations on the system and all vehicles in any
given cycle must maintain operation in their preassigned cycle.
Time synchronization is then defined as superimposing complete
cycles from each merge line. Vehicle synchroniztion is simple
assuming that vehicles in a given cycle always remain somewhere
in the preassigned cycle. Local controllers handle the actual
maneuvering and merging of vehicles in a cycle at intersections:
however, the reservation strategy dictates that the central con-
troller identify the number of vehicles in any given cycle. Any
deviation from cycle synchronization on any link would represent
a malfunction. Similarly any vehicle slipping from a cycle would
represent a malfunction.

For stochastic operation, synchronization of slots is still
required. However, since the local controller does the merging
on a simple space available basis as vehicles arrive, each vehicle
must maintain its assigned slot only during the merging process.

13
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During normal line operation, a vehicle could deviate from its
assigned slot and as long as the central computer was updated
frequently relative to this operation, network synchronization
and hence remaining system operation would not be effected.

4.1.3 Vehicle Performance

On the surface it would appear that the deterministic con-
trol strategy would impose greater requirements on vehicle per-
formance due to the requirement of maintaining a preassigned
cycle, for the duration of the trip. However, since the critical
maneuvers of acceleration and braking are determined by a posi-
tion time profile maintained by the local controller in either
system, the vehicle's normal operational performance require-
ments will be the same. For the deterministic system, however,
there must be more assurance that a vehicle can maintain its
assigned cycle for the duration of the trip, since by definition,
any vehicle slipping out of its assigned cycle represents a
failure. Also, the performance of the worst vehicle will dictate
the design of the system in terms of maneuvering capability and
speed.

14



4.1.4 Network Failure

In the deterministic system, failure of cycle synchroni-
zation, local failure of a section of network or a vehicle mal-
function will effect the total operating network. At the pre-~
sent time there is little information available on system re-
covery (start-up) from a failure associated with the deterministic
control strategy. 1In the stochastic system since the merging
condition is not precalculated and the local controller provides
this merging function on an arrival basis, a single vehicle or
link failure will only impact those portions of the network feed-
ing the area in which a malfunction occurred. Recovery from a
failed condition again should be easier than with the determin-
istic control strategy.

In general, what is desired to recover from a failed condition
is the ability to re-route or by-pass that portion of the net-
work which has been affected.

Assuming that some means is available by the central and
wayside computers to detect and isolate a failure then a by-pass
or emergency lane fabricated as a "third lane" at the time of
system imglementation could solve the physical problem of moving
vehicles. Suppose that in Figure 6 guideway lanes 1 and 3 carry
traffic in opposite directions, while lane 2 is a bi-directional
lane used only if a breakdown occurs in lane 1 or lane 3. Further,
suppose that a breakdown has occurred at point A and that vehicles
on lane 3 are to be diverted to lane 2 at B and are to return to
lane 3 at C. For the deterministic control strategy in order for
the system to remain operating time-synchronously, and such that
vehicles arrive at their proper cycles at downstream merges, the
control system must assure that the travel time along the alter-
nate path BEFC is the same as the usual travel time along the
path BAC, in spite of the fact that the distances from B to C
along the two paths are not equal. Obviously, the overall con-
trol system must have the capability to effectively cause vehicles
using an alternate path to travel at an average speed which is
dependent both on the length of that alternate path and on the
travel time on the usual path. For the stochastic system, syn-
chronous time operation for slots is required only at merging;
however, since merging is handled via the local controller, the
different path lengths would not require that vehicles traveling
a longer path move at a higher average speed to maintain the
same travel time. Due to the fact that system failure and re-
covery has had relatively little emphasis, this area needs addi-
tional analysis prior to really being able to select one type
control strategy. Specifically, the issues to be analyzed are
directed at the type and frequency of failure and the options
available for quick recovery from these failures.

15



- S 3
B A C

Figure 6. "Third" Lane for Emergency Use

4.2 SYSTEM DESIGN
4,2.1 Interchange Merge and Ramp Design

A typical design for a dual mode intersection is shown in
Figure 7. Vehicles travel along the two guideways from pre-
ceding intersections or stations with the understanding that
merging must occur at the designated merge points. Under synch-
ronous deterministic control the vehicle route is predetermined
through the central computer. It has been shown that
maneuvering of vehicles prior to a sw%tch point is not an effi-
cient method of rearranging vehicles. Vehicle maneuvering in
a cycle is handled by the local controller. The interchange
ramps following the switch become the maneuvering region for all
vehicles. The length of this merge ramp is dependent on the per-
formance capability of the vehicles, the number of slots/cycle
and a requirement of cycle synchronization at the merge. 1In a
stochastic system operating under quasi-synchronous control the
local computer considers the destination of vehicles at switch
points as well as commanding the maneuvering requirements. If
the decision is made to perform all maneuvers. on ramps (as in the
synchronous deterministic concept), then each merge ramp must be
designed to handle a finite queue length. An abort lane to the
local street network must also be provided. If the decision and
maneuvering region is placed on the guideway prior to the switch
point, it is possible to solve unresolved conflicts at merges
by routing vehicles along alternate paths. In Figure 7, for
example, vehicles which might normally want to switch from point
C to D would go to B if an unresolved conflict situation arose.
Since the merging process is not predetermined by the central
control unit and vehicles-slot synchronization is performed
at the local controller level, the interchange design require-
ments on ramp maneuvering length and cycle time synchronization
are not as demanding. However, additional link sections of

16



Figure 7. Four Way Intersection

guideway are required, to route vehicles along an alternate path.
4.2.2 Entrance Terminal Design - Processing Stations

The problem of adequate terminal design in terms of size
(no. of processing stations) and configuration (series, parallel,
or series parallel processing) is a function of the generated
demand and the overall waiting time of a vehicle prior to enter-
ing the network. Under the pure stochastic philosophy (quasi-
synchronous, non-reservation) vehicles are simply dispatched as
a function of available space at the local merge and the exist-
ing serve rate (processing, scheduling and inspection time) of
the terminal. Therefore the queuing area requirements at the
station are a function of these variables. With the stochastic
scheduling strategy, demand modified, or the deterministic
synchronous strategy, an additional portion of the terminal must
include a temporary vehicle storage area to hold vehicles waiting
for the appropriate slot or cycle. This additional storage area
will be a function of the demand of that station coupled with the
demand created on the network by stations feeding critical merge
points. 1In the historic stochastic control case the number of
processing stations in parallel is simply a function of the
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server rate of each processing station and the desired flow rate
from that terminal to the network. With deterministic scheduling
since the user schedules his desired destination, the station de-
sign to be efficient must accommodate situations where vehicles
scheduled for shorter trips (i.e., scheduling through no merge
points) can be processed faster than vehicles who may have to weit
longer before getting clearance through many conflicting merges.
This can be handled by adding parallel processing stations (pro-
bably expensive) or by providing bypass lanes around a general
queuing area. Consequently optimal station design is dependent
upon selected control strategy. The control strategy desired .
would maximize guideway utilization and should also minimize the
gqueuing area requirements for a terminal for a given demand.

4.2.3 Exit Station Design

The design of exit stations or exit ramps is similar to the
problem encountered in designing merge ramps with respect to the
control system. With deterministic control the guaranteed no
conflict path could include scheduling to the existing street
network based upon a pre-established value of the throughput that
the local street can accept. Hence, with a given exit station de-
sign the demand for that exit can be controlled prior to entering
the system to prevent gqueuing at the exit. This is an important
aspect of the deterministic approach. With the non-reservation
quasi-synchronous approach, modified with historic demand, the
exit queuing problem can be controlled only to the extent of how
well historic prediction can control the flow in the system.
Hence, exit designs with the latter control strategy should in-
clude some queuing area to accommodate unpredictable fluctuations
in demand.

4.2.4 Command and Control Requirements - Central Control, Way-
side Control and Vehicle Equipment

Very little has been done in the way of sizing and costing
of control equipment for large scale (200 mile) networks operat-
ing under automatic control regardless of the control philosophy.
For the two control philosophies recommended for further con-
sideration, some overall functional requirements are apparent;
however, whether hardware is available, or can be made available
and be cost/effective, has not been established.

Central Control The basic functions required by the central
control unit relative to network control with the deterministic
slot/cycle concept are:

1. Processing reservations from all processing stations
and allocating a route structure based on some al-
gorithm (minimum time for example);

2. Keeping track, in units of time, the position of each

cycle in the network and the number of vehicles in each
cycle;
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3. Communicating with trackside detecting equipment to in-
sure that the assigned vehicles remain within given
cycles, also, monitoring the local wayside command sys-
tems to insure that merges or demerges have occurred;

4. Maintaining synchronization of the network:

5. Providing some means of isolating failed portions of
the network and instituting some recovery procedure.

The non-reservation quasi-synchronous concept imposes the
following basic functions on the central computer:

l. Maintaining a historic demand data base and apportioning
throughput requirements on each input terminal;

2. Communicating with trackside detecting equipment and
the wayside control system to monitor the position
time profile of all vehicles in the system to detect
failures;

3. Provide a means of detecting and isolating failed
portions of the network.

Wayside Control The wayside equipment for each of the con-
trol strategies provides the control necessary for merging and
demerging. In the deterministic system this equipment is also
required to provide differing commands to vehicles located in
the same cycle. For the stochastic system the controller must
be capable of detecting queues at intersections and provide a
communication base capable of resolving queues before the
queuing situation can significantly effect the utilization of
the network.

Vehicle Control Equipment With respect to the communication
and information storage requirements of vehicle associated equip-
ment, some hardware trade-off exists between the wayside con-
troller and the vehicle. For example, switching commands can be
stored in the vehicle or commands to switch can be generated from
the wayside controller. For the deterministic system, since
merge conflicts are eliminated by the central controller, vehicle
control equipment need not communicate with the wayside con-
troller the intention of a vehicle to switch or not switch. With

S

S ————

the quasi-synchronous non-reservation philosophy, since the routingl
is not pre-established in a central computer, a vehicle storing its|

own switch commands must communicate this information to the way-
side unit in order to avoid major gueuing problems.

4.3 USER CONVENIENCE - WAITING TIME AND SERVICE TIME
With respect to passenger convenience, measured in terms of

service and waiting times, each control system strategy has a
different impact. In the deterministic synchronous system, a
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passenger upon placing his reservation, can be told what his exact
trip time will be when on the system, and the amount of time he
must wait before his trip is initiated. He can then be given an
option as to whether he wishes to continue his trip on the dual
mode network or choose an alternative mode. It is also conceiva-
ble that an automatic display board could be placed prior to
entering a station displaying typical wait, and travel times to

a few (3-4) of the more common or critical destination points.
With stochastic scheduling, historic demand data can be used as
an information base to provide the same information, however, the
reliability of the data would only be as good as the projection
derived from the historic data. Also since queuing and/or re-
jection from the network is possible on the system, some portion
of trip could result in waiting on the network or being completed
off the network.

With stochastic control, vehicles can be serviced at entrances
on a first come first served basis since final destinations are
not considered in the routing process. With deterministic schedu-
ling, shorter routes, i.e., vehicles traveling through a minimum
number of merges at an intersection, could be serviced easier and
faster thereby allocating priority to the short route traveler.
While this has some advantages in terms of utilization, it could
be detrimental if some overall management scheme is not instituted
to balance trip length and overall waiting time.

4.4 FINAL CONCLUSIONS

The major issues associated with the two leading control
strategies have been qualitatively evaluated. A summary of the
important impacts, issues and problem areas are highlighted in
Table 2. As seen in the table and discussed in the text, both
control strategies are deficient with respect to fully defining
the size, function and interface definition of the central, way-
side and vehicle command and control equipment.

The deterministic system while providing some pluses in the
areas of utilization, interchange design and passenger wait time,
needs investigation in the area of system failure and recovery.
The non-reservation system is weakest in the area of merging
control and intersection design. Hence, while a positive con-
clusion on control strategy cannot be made to date, the deter-
ministic system appears to offer more benefits if the system
failure and recovery issue can be solved.
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SECTION 5. RECOMMENDATIONS

While a definite conclusion could not be reached in terms
of selecting the best or optimum control strategy for a dual
mode application, the analysis process did focus on areas in
which additional work is required. Some of this work is being
performed in various areas as indicated in References 3 through
8; however, additional analytical studies are required which
consider the full scope of all the major system elements.
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