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The large number of new urban transport systems can usefully be evaluated 
from an economic standpoint in terms of capital and operating costs per 
unit traffic flow. In this paper, we have considered a number of systems 
in a typical urban situation with a peak flow in either direction of 10,000 
passengers per hour. It is convenient to distinguish three basic classes: 
continuous, network, and unconfined vehicle systems. These are embodied 
in eight abstract systems varying in their fundamental components or op
erational modes. Effective capacity of each class was found to deviate 
from design capacity by a factor that depends on characteristics such as 
headway, average velocity, and area per passenger. The physical require
ments for each of the eight types of systems to meet the standard 10,000 
per hour demand have been specified in terms of this effective capacity. 
By using a number of cost equations, basic operating and capital costs 
have been developed for each type of system. Capital costs were amor
tized over typical lifetimes to provide total annual costs for each system. 

•THE growing difficulty of moving people effectively in the crowded confines of densely 
populated urban activity centers has generated a number of proposals for new transpor
tation systems in recent years. These have covered a wide gamut of concepts and tech
niques including moving sidewalks, computer-controlled bus or jitney service, tracked 
air-cushion vehicles, cable-suspended vehicles, and a variety of network systems of 
the monorail type. A survey of these systems reveals at least forty or fifty that have 
reached a level of hardware development that would presumably permit at least proto
type demonstration within a year or two if they were adequately funded. It is clear that 
a comprehensive evaluation of each of these alternatives as an urban transit system 
would be a monumental, if not impossible, task. There are several basic types or 
classifications into which these systems can be grouped and analyzed by category. We 
find it convenient to specify four general classes of systems as follows: 

1. Continuous point-to-point systems operate on closed guideways and do not possess 
switching capabilities (e.g., a conveyor belt or ski lift); 

2. Demand-activitated point-to-point systems operate in a closed or exclusive guide
way (e.g., an elevator); 

3. Although similar to class 2, these demand-activated systems possess a switching 
capacity and the capability of forming complex networks (e.g., conventional rail transit); 
and 

4. Demand-activated unconfined vehicle systems differ from the first three classes 
in that the vehicles are not constrained to a fixed guideway and thus possess, in effect, 
two degrees of freedom (e.g., a conventional automobile). 

Most horizontal systems of interest fall into class 1, continuous point-to-point sys
tems (CPPS), class 3, network switching systems (NSS), or class 4, unconfined vehicle 
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systems (UVS). Several additional subdivisions within each class will be discussed 
later. 

Desirable characteristics of any transportation system include low investment and 
operating costs, a minimum of noise and air pollution, and minimum aesthetic intru
sion and interference with land-use patterns in its environs. Many of these factors are 
largely questions of operational policy or design specifications, and thus they can only 
be discussed in the framework of a specific application. For example, out-of-pocket 
costs would depend on whether a system were publicly or privately owned, subsidized 
by local business, or supported by other economic devices (e.g., advertising). In ad
dition, it is clearly impossible to assess realistically land, right-of-way costs, or ex
ternalities such as system impact on local real estate values. 

It was proposed, therefore, to compare only the basic operational capabilities and 
direct costs (as opposed to external costs) of the fundamental system types by choosing 
a hypothetical but typical application and determining the requisite values of the major 
parameters in order to meet the requirements of the test case. 

The application in question consists of a medium-sized downtown urban area similar 
to that of Milwaukee, approximately 1 mile long and ½ to ¾ mile wide. It is arbitrarily 
assumed that the transit systems applied here must be capable of handling peak traffic 
flows of 10,000 persons per hour. It will also be assumed that the peak demand is 
divided somewhat evenly among the 6 stations, i.e., maximum flow in one direction at 
any stalion is about 2,500 passengers per hour. 

The NSS appropriate to a compact urban activity area can be assumed to use small 
vehicles that have a seating capacity of 2 to 8 or 10 persons each, operate either singly 
or in a train, and conceivably travel at speeds from 8 mph to approximately 60 mph on 
exclusive guideways. When operated as single vehicles with off-line loading capability 
(NSS-1 ), the service could be personalized in the same manner as taxi service, in that 
passengers could select and automatically be carried to their ultimate destinations 
without stopping at intermediate points. Delays in main-line traffic can be avoided by 
servicing stations and interchanges by sidings or loops sufficiently long to permit off
line acceleration and braking. 

If the vehicles were operated as trains (NSS-2), network services would resemble 
conventional rail rapid transit where vehicles operate over scheduled routes. The fre
quency of arrival at any station would be determined by the number of vehicles in ser
vice at a particular time. Vehicles would stop at each station along a given route (al
lowing for the possibility of both local and express routes), and passengers would trans
fer as necessary to reach their destinations. A switching capability would allow the 
vehicles to optimize routes and schedules continuously (given a sophisticated monitoring 
and EDP system) as the demand matrix for an area changes during the course of the 
day, or from day to day. 

The UVS employ vehicles operating on existing arteries and streets. Either vehicle 
hardware (e.g., the propulsion system) or mode of operation might be innovative. New 
concepts include computer-dispatched buses or jitneys, which operate on flexible routes, 
or minicars, which would be passenger-operated and made available by storage termi
nals and on-street drop-off points. 

In terms of performance and capacity, these systems would be comparable to con
ventional bus or taxi fleets. Two basic subdivisions appear: relatively large vehicles 
(>10 passengers) operated in a public service mode (UVS-1) and small vehicles (2 to 3 
passengers) operated in a private or semiprivate mode (UVS-2). 

The three principal families are represented and illustrated by the following exam
ples. 

1. Low-speed moving sidewalk, CPPS-1-Conventional passenger conveyor belt 
electrically driven and installed in straight segments at street level between intersec
tions, entrance and egress at ends, 1. 5-mph constant speed and peak demand; 

2. Modular conveyor, CPPS-1-Small unpowered capsule loads at low speed (1.5 
mph) from adjacent beltway, accelerated via powered rollers or other external propul
sion technique to match 15-mph motor-driven conveyor belt, and elevated partly en
closed guideway; 
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3. High-speed moving sidewalk, CPPS-2-Conventional conveyor belt operated over 
high-speed s ections, access via parallel belt accelerated from low entry speed (1.5 
mph) to main-belt speed (10 mph), and entry and exit stations e very ¼ mile on elevated 
enclosed guideway; 

4. Small-vehicle monorail, demand, NSS-1-small vehicles suspended from over
head I-beam guideway, rubber-tired wheels, on-board electric-motor drive, on-board 
switching control, central computer, and demand activated by signal from off-line 
station; 

5. Cable-car, demand, NSS-1-Small 6-seat cars towed and supported by ski-lift 
type of clamps on cable guideway, central computer control, and demand activated by 
signal from off-line station; 

6. Small vehicle monorail, scheduled, NSS-2-Small 6-seat cars joined in trains 
operating on regular (but variable) schedules, on-line stations, vehicles air-cushion 
supported, and external propulsion by linear electric motor (LEM); 

7. Rental minicar, demand, UVS-1-Small 2-seat or 4-seat electric cars capable 
of 30 mph and self-driven by key-holding subscribers from any of a number of rental 
stations (parking lots); and 

8. Minibus, scheduled, UVS- 2-Small bus (10 seat) operated on a route run on city 
streets and driven by electr icity or gasoline (conventional). 

(Copyrighted names proposed by various developers are not used because the basic con
cepts described are all in the public domain, and there are several competing versions 
of most of the candidate types.) 

These examples were tested by hypothetically implanting them in the archetypical 
downtown area. For purposes of comparison, the guideway systems were installed in 
a simple closed loop r oughly 1½ miles in circumference with stops or stations at ¼ -mile 
intervals (although this configuration does not take advantage of the scheduling and rout
ing possibilities inherent in a switching system). All such guideway systems are as
sumed to be elevated above street level. The low-speed moving sidewalk is assumed 
to have been installed-at street level in 8 block-long segments approximately 500 ft long. 
The entire route was a straight line 4,000 ft long in each direction. The rental minicar 
system is assumed to operate from a large number (-50) of parking lots or parking 
garages. 

CAPACITY 

Capacity has been defined as the average number of passengers or vehicles per hour 
that can be transported along a single channel. Mathematically, it may be expressed in 
several ways, depending on whether headway between vehicles (or passengers) is ex
pressed in units of time or distance, as follows: 

for vehicles and 

for passengers, where 

Cv == 3, 600/ht 

Cv == 5,280 Y / hd 

c ... == 3,600 (S / hi) 

C,.x == 3,600 (pwt/hi) 

c •• x == 5,280 (SY / hd) 

c •• x == 5,280 (pwtV / hd) 

ht == headway measured in sec; 
hd == headway measured in ft; 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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V = channel speed in mph; 
S = number of seats in a vehicle or train; 
p = number of passengers per sq ft; 
C = capacity in passengers per hour; 

Cv = capacity in vehicles per hour; 
w = width of the belt in ft; and 
t = unit length (= 1 ft). 

For existing urban systems (e.g., subways and buses), typical space allocations 
range from about 3 to 6 sq ft per passenger under peak load conditions. Thus, it seems 
reasonable to allow 4 to 6 sq ft per passenger throughout these calculations. 

Continuous Point-to-Point Systems 

For anon-line leading conveyor belt, CPPS-1, if we assume a minimum headway of 
2 ft, a belt width of w ft, and a loading speed of 1.5 mph, the maximum theoretical 
capacity would be 

c ... ~990 w passengers per hour 

For modular, low-speed loading systems, a representative capsule might have six 
seats and a minimum headway of 7 ft (vehicles 6 ft long separated on the low-speed 
segment by 1-ft gaps). Application of the passenger capacity equation in this case gives 

c ... = 6,788 passengers per hour 

In the case of continuous point-to-point systems with off-line loading, CPPS-2, pas
sengers or conveyances are accelerated off line to standard speed and then merged with 
main-line traffic. In principle, much higher capacities can be obtained with a system 
of the same dimensions as the low-speed on-line system, as long as high-capacity exits 
are provided to eliminate the possibility of ''bunching" of passengers with common des
tinations during deceleration. This would restrict the capacity of high-speed beltways 
to the capacity of the low-speed exits along the route. The latter, of course, are func
tions of width, w. Thus, the maximum allowed capacity for high-speed loading and 
moving beltways must be less than or equal to the maximum capacity of an exit divided 
by the maximum fraction likely to disembark there. 

Network Switc hing Systems 

Maximum capacity for network switching systems depends on the minimum headway 
allowable between vehicles in the main-line traffic. This factor is generally taken to 
be a function of the minimum distance in which the vehicle can be stopped in an emer
gency, and thus it is a function of the maximum permissible deceleration. It will be 
assumed here that a comfortable acceleration or decelei·ation is 0.1 g (2 .2 mph/sec), 
and a tolerable acceleration or deceleration is 0.2 g (4.4 mph/sec). These numbers 
are typical, in fact, of current transit technology. 

It is clear that the number of stops per mile in any transport system influences the 
average speed for various cruise speeds (Fig. 1), where the average stop time, T, was 
taken as 30 sec (1). Hence, for the same conditions-30 sec stop time and 2.2 mph/ sec 
acceleration-a l imiting maximum cruise speed exists for any specified number of stops 
per mile. Because, in the hypothetical test application, the stops are to be located ¼ 
mile apart, the maximum cruise speed attainable by any of the NSS is about 40 mph 
(Fig. 2). 

Demand-activated transit vehicles, NSS-1, with passengers loading off line offer the 
possibility of shorter headways than do vehicles that load on line. If we assume that 
stations have a number of off-guideway slots or sidings capable of accommodating sev
eral vehicles and that the emerging vehicles will not overload the available slots, the 
minimum headway measured in feet is determined by (a) the maximum tolerable accel
eration of seated passengers or the quality of the emergency braking system, (b) the 



T--30 Sec 
a-2 2 Mph/Sec (0.1g) 

0 0'---'------'-·2 _ _.__4..__._ _ __.6 _ _.__s.,____._ _ __.,o~_._-, .... 2 - -'---',4--'---',6 

No. of Stops per Mile 

Figure 1. Influence of stop-and-go driving on average driving speed. 
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length of the vehicle, and (c) the cruise speed of the vehicle (limited to 40 mph). Math
ematically, the minimum headway may be expressed as 

ho1n = 1.47K (V//2at) + L 

where V0 is cruise speed in mph, a is maximum acceleration or deceleration in mph/sec, 
and L is car length in feet. The safety factor K is introduced into the equation as a co
efficient of the emergency braking term. The values of K represent the ratio of the 
minimum allowable distance between vehicles to the minimum safe stopping distance. 
Motorists often presume that their observation of the behavior of vehicles several cars 
ahead will enable them to stop in sufficient time in the event of an emergency. By con-

Max Cruise S"Pt>ed, W.ph 

201---1--f---+----

Figure 2. Limiting cruise and average speeds in stop-and-go driving. 
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Figure 4. Maximum capacity of NSS-2. 

trast, rapid rail transit vehicles operate 
with K-values from 2.5 to 4 or higher. 
These relationships are expressed by the 
curves shown in Figures 3 and 4, with the specific qualifications shown in each case. 

For a typical demand-activated network system, NSS-1, two capacity curves are 
plotted-one assumes that all seats are occupied and the other allows for the fact that, 

d 

in a passenger-selected destination system, the average occupancy of individual vehi
cles will probably be close to 1. 5, typical of automobiles. For cruise speeds up to 40 
mph, which is the range envisioned for personal transit systems in the application being 
considered, the capacity corresponding to an average occupancy of 1.5 passengers per 
vehicle drops from 3,400 passengers per hour at 7 mph, to 2,000 at 20 mph, and to 
about 1,200 at 40 mph. For fully loaded cars (during a rush hour and in a scheduled 
operating mode), capacity ranges from 9,150 passengers per hour at the optimum 7-mph 
speed to about 3,000 per hour at the maximum 40-mph cruising speed. During rush 
hour, vehicles would presumably be limited to speeds attainable by the continuous point
to-point systems. During off-peak hours, reduced demand would permit greater head
ways and higher speeds that would result in quicker travel times. 

For scheduled (transit) vehicles, NSS-2, operating either singly or in trains and 
loading on line, the minimum headway, expressed in units of time, is determined by 
the sum of (a) the time required for the train to travel the deceleration distance at 
comfortable deceleration and jerk rates for its passengers; (b) the time required to ac
celerate the preceding vehicle or train clear of the station; (c) the station dwell time; 
and (d) the transport time required to notify the entering train that the previous train 
has cleared the station. 

Maximum capacity is seen to increase with train length and decreasing cruise speed 
(Fig. 4). For short train lengths, maximum capacity is approximately 1,000 passengers 
per hour and is relatively insensitive to variations in cruise speed as compared to varia -
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tions in train length. In a train 6 cars long (72 ft), for example, the capacity is 3,400 
passengers per hour at 40 mph as compared with 5,000 per hour at 10 mph. Clearly, 
it is preferable to increase capacity by increasing train length rather than by reducing 
speed. 

Unconfined Vehicle Systems 

Maximum capacity in the case of unconfined vehicles is rather difficult to estimate 
on the basis of headway between vehicles, unless it is assumed that the vehicles travel 
in a special "bus lane" on the regular city streets. If such is not the case, however, it 
becomes easier to estimate headway on a time basis. Meeting the specified 10, 000-
passenger-per-hour corridor demand then becomes a matter of having enough vehicles 
available. 

For the rental minicar system, UVS-1, it is reasonable to assume that the number 
of "stations" (i.e., garages or parking lots) for a small-vehicle rental system is about 
50 and that the maximum hourly demand is 20,000 passengers per hour-corresponding 
to two major corridors-divided more or less equally among the 50termini. Therefore, 
as many as 500 persons per hour move through each station. If we assume an average 
loading of 1. 5 passengers per vehicle and approximately 30 sec for subscribers with 
keys to check out and load each car, the flow through each checkout point would be 
limited to about 180 passengers per hour. This would require three such checkout 
points at each terminal and an inventory of about 50 minicars per terminal, or a mini
mum of about 2,500 for the system, to allow for average trip times of at least 10 min 
at peak periods. 

It will be assumed that the UVS-2 consists of small "conventional" 10-passenger 
minibuses running on a scheduled route in the streets. If each bus takes 30 sec 
to load, then 120 buses or 1,200 passengers can load at one point in an hour. Thus 
each of the 8 stations (per corridor) with a single off-street loading point could handle 
the anticipated peak load. 

EFFECTIVE CAPACITY 

We have discussed capacity in an abstract fashion, as though all traffic flows were 
smooth and rather idealized. It was noted that most vehicular systems will tend to be 
drastically underutilized if individual passengers are allowed to specify the ultimate 
trip destination and skip intermediate stops. However, other more subtle constants, 
due to fluctuations in demand, maximum waiting time requirements, and other factors, 
were not fully taken into account. 

The maximum capacity primarily depends on physical characteristics such as accel
eration, cruise speed, space allocation, and dimension that do not substantially affect 
the level of service provided the user. A more useful measure of the effective capacity 
of a system is the route demand that it can serve without causing unreasonable delay to 
any of its users (not counting mechanical failures). Obviously, if the average route de
mand is equal to the maximum capacity, then some potential passengers at some sta
tions are likely to have to wait for a very long time for service. 

The effects of congestion on the average waiting time in minutes per passenger at a 
station may be approximated by the classical Poisson arrival-exponential waiting time 
equation involving the level of service or instantaneous capacity C of a system, the 
average route traffic d, and the ratio of the station demand to the average route de
mand r2. 

tw = (1/C) (60/[1 - (1 + f) (d/c)J} (7) 

Instantaneous capacity C is used instead of maximum capacity c •• , in the equations 
because for generic systems of the switching network and unconfined types the capacity 
of the system may be adjusted to respond to fluctuating demand by changing the number 
of vehicles in service or, equivalently, the average headway between vehicles in ser
vice. Of course, for continuous systems, the instantaneous capacity is simply equal to 
the maximum capacity, and the only possible adjustment is to shut down the system. 
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Personal transit systems, on the other hand, require that the user wait both for a 
vehicle to arrive at the station :md for the vehicle to merge into the on-line vehicle 
traffic. By decreasing the instantaneous capacity below maximum, the available merg
ing time is increased, which effectively decreases the necessary merging time. On 
the other hand, if the instantaneous capacity (i.e., frequency of service) is too low, the 
station waiting time becomes too long. 

The kind of effect that congestion can have on waiting time is generally shown in 
Figure 5, in which average waiting time from Eq. 7 is plotted as a function of channel 
utilization (fraction of capacity) for several values of the ratio of station traffic to chan
nel traffic. Thus, it seems reasonable to define effective capacity as the level of chan
nel utilization that causes no unreasonable delay in the trip time. The criteria of un
reasonable delay are somewhat ambiguous, but differences in operational methodology 
suggest that the definition be tailored to each specific system. 

Continuous Point-to-Point Systems 

The effective capacity of continuous point-to-point systems with off-line loading de
pends on whether or not admission to the system is explicitly controlled. If vacancies 
are monitored (e.g., electronically) and passengers are admitted selectively to occupy 
the vacant seat or space, then the effective capacity will be governed by the average 
waiting time for admission, e.g., ½ min when the station traffic is 10 percent of the 
channel traffic. The effective capacity correspo11di.J1g Lo a volum f 10,000 passenger s 
per hour is found to be 89 percent of the instantaneous capacity C for the modular sys
tem and 89.5 percent for the moving beltway (Fig. 5). 

The other possibility is that admissions are not controlled, in which case the proba
bility of locating a space must be 
high or passengers will occasionally 

Aver.1ge 1N.;uting lime, Min., 
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be conveyed through the merge cycle 
without locating a space. For a 
low-speed loading (1.5 mph) system 
with a parallel entry beltway, a po
tential passenger will be transported 
through a 60-ft station in 0.45 min. 
If we assume that he can move rela
tive to the belt in either direction at 
a similar speed, he will be able 

Ql 

to search a 60-ft section-equiv
alent to an optional time delay of up 
to 0.45 min. In this case, the effec
tive capacity will again be 89 percent 
of the instantaneous capacity. For 
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Figure 5. Congestion versus waiting time. 
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a high - speed conveyor (10 mph) with 
a 150-ft platform, a passenger would 
be transported through the merge 
cycle in 0.17 min, with the potential 
leeway of approximately 0.05 min 
by moving along the feeder belt at 
1.5 mph in either direction. To en
sure that he should be able, on the 
average, to locate a space within the 
given time requires that the effective 
capacity be 80 percent (or less) of 
the instantaneous capacity. 

In view of the fact that only 80 to 
90 percent of instantaneous (maxi
mum) capacity in continuous systems 
can be achieved in practice (depend
ing on circumstances), it is evident 
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that the capacity must be increased by 10 to 20 percent to accommodate an actual peak 
load of 1 0, 000 passengers per hour. 

Network Switching Systems 

There are two dimensions to the average time required by personal transit systems, 
NSS-1, to serve a passenger: He must first wait for an empty vehicle to arrive and 
then, after loading, wait for that vehicle to be merged with the on-line traffic. If the 
demand is comparable to the instantaneous capacity but much less than the maximum 
capacity, then the wait time is long and the merge time is short; the opposite is true 
when the instantaneous capacity approaches the maximum capacity. Mathematically, 
this relationship is expressed by 

t = (60/C •• xl ([a/(1 - p. - fp)] + (,8/[p, - (1 + f)pJ}) (8) 

where 

p. = ratio of instantaneous to maximum channel capacity, 
p = ratio of traffic to maximum channel capacity, 
a = average number of passengers per vehicle, 
,8 = factor associated with the possibility of vehicles being stored at the station, and 
f = ratio of station traffic to average channel traffic. 

Equation 8 is shown plotted in dimensionless form in Figure 6 for f = 0, a = 1. 5, and 
,8 = 0.5 to illustrate the compromise 
that must be made between wait time 
and merge time. If the passenger 
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waiting time is always to be mini
mized (the low points on the curves), 
the appropriate instantaneous capac
ity must be chosen (which will also 
tend to minimize operating costs). 
Thus, for a given elapsed time and 
maximum capacity an effective ca
pacity can be found. The ratios of 
this capacity to maximum capacity, 
d/ C •• x, are the U-sbaped curves 
shown in Figure 7. For example, 
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if the cruise speed is consistent with 
a maximum physical capacity of 
1,000 persons per hour, then the 
effective capacity is approximately 
70 percent of the maximum capacity 
(or 700 persons per hour) if the 
maximum delay time is not to ex
ceed 1 min. If the speed is such 
that the maximum capacity is 500, 
the effective capacity is about 50 
percent of the maximum, or 250 
passengers per hour if the same 
criterion for time is used. 

If maximum channel capacity is 
10,000 per hour, the effective ca
pacity will be about 90 percent of 
instantaneous capacity for an aver
age delay time of about 0.25 min. 
In addition, instantaneous channel 
capacity at that point is about 90 
percent of maximum. The curves 
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shown in Figure 7 do not take into ac
count the density of station use (or con
gestion), which would tend to reduce 
the effective capacity further in any 
case. Thus, we can perhaps expect 
effective capacity to be less than 80 
percent of maximum design capacity . 

The NSS-1 are designed, however, 
as personal transit vehicles. They, 
accommodate only a few persons (e.g., 
up to 4), and they respond to station 
demand and, like a taxicab, carry the 
passenger to his destination with no 
intermediate stops. As shown pre
viously, however, the 4-passenger car 
system cannot handle volumes of 10,000 
passengers per hour with practical 
headways. Increasing the vehicle ca
pacity will increase channel capacity, 
although it also tends to increase car 
length and thus headway. If, for ex-
ample, the vehicle capacity is raised 
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to 10 per car and the car length to perhaps 10 ft, the maximum system passenger 
capacity becomes 14,000 per hour at the optimum speed of approximately 7 mph. 
If this system is operated at 90 percent of maximum capacity and perhaps 80 percent 
effective capacity, it will achieve the 10,000 per hour requirement of the test case. 
However, the cars must be filled to capacity; thus, during peak-load hours, the system 
cannot operate strictly as a demand-mode personal transit system. In effect, the sys
tem must stop at nearly every station, with consequent reductions in speed. During 
nonpeak hours, when the demand is typically 35 to 50 percent of maximum, it can return 
to the personal mode. 

For scheduled systems, the effective capacity is a function of the maximum capacity 
as a consequence of its dependence on train length and speed (Fig. 4). Thus, for a ratio 
of station traffic to channel traffic, f = 0.1, the effective capacity will be roughly 90 
percent of maximum. 

Unconfined Vehicle Systems 

Effective capacity for these systems is something of a misnomer. Here, conges
tion has the effect of increasing loading time and running time and thus requiring 
more vehicles. For the UVS-1 (the minicar ), the optimum number of vehicles is that 
which results in zero (or, at least, a very small) inventory of vehicles at each terminal 
point during hours of peak traffic. This implies knowledge of the average length of each 
trip (in minutes) as a function of general traffic conditions. During off-peak hours, ve
hicles not in use are automatically available. Thus, waiting time is minimal when de
mand is low and increases as demand approaches capacity. However, quantitative cal
culations in this case have not been made. In the case of UVS-2 (minibus) each vehicle 
completes its 1.5-mile run in approximately 9 min at an average speed of perhaps 10 
mph. With 2 buses loading per minute, only 18 are needed per terminal or 108 for the 
system. Congestion would increase the loading time in the terminal and also reduce the 
average speed in traffic. Thus, it seems probable that buses with considerable excess 
capacity would actually be required to meet the 10,000-passenger-per-hour peak demand. 
Again, numerical calculations have not been carried out. 

System Specifications 

It is now possible, in view of the effective capacities of each type of system, to spec
ify the quantitative requirements of each of the typical systems listed previously, as de
manded by the cost equations (Tables 1 and 2). 
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TABLE 1 

QUANTITATIVE REQUIREMENTS FOR CPPS 

Single-
Effective Channel Hours of Belt Live Spec. No. of Module No. of 

System Belt Operation Speed Load Weight Modules Belt Size Module 
Length per Year (mph) (tons/ft) (lb/ft) Required Width (ft) Passengers 
(miles) (ft) 

Low-speed 
sidewalk, 
CPPS-1 1.5 7,300 1.5 0.15 350 12 

(20/day) 

Modular 
conveyor, 
CPPS-1 1.5 7,300 15 0.2 450 100 8 7x8 10 to 12 

High-speed 
sidewalk, 
CPPS-2 1.5 7,300 10 0.15 350 6 

COSTS 

With the derivation of fairly reliable values for major system parameters in each of 
the cases, it becomes possible to develop meaningful cost figures. Only major cost 
elements such as capital equipment costs, e.g., vehicles and guideways, and funda
mental operating costs, e.g., maintenance and energy expenditures, will be considered 
here. 

The cost equations were developed from extensive examination of many pertinent in
dustry and literature sources (3). Space does not permit their inclusion in this paper; 
however, the results of their application are given in Tables 3 through 6. 

The parametric values for each system are given in Tables 1 and 2. In general, right
of-way or land costs were disregarded. These are locally variable and can only be con
sidered in a specific case. All guideway systems, including the modular conveyor and 
the high -speed beltway, were assumed to be elevated, with stations at ¼-mile intervals. 

All systems were assumed to operate for 20 hr per day (typical of actual urban sys
tems), with peak loads of 10,000 passengers per hour occurring for two periods of 5 
days a week, 2 hr each in the morning and afternoon and loads equal to 40 percent of 
peak for the remainder of the operating hours. Operation for 20 hr at 40 percent load 

TABLE 2 

QUANTITATIVE REQUIREMENTS FOR NSS AND UVS 

Live No. of Avg Vehicle Vehicle Vehicle Avg 
No. of 

System Load Trains Speed Length Width Gross Annual 
Cars in 

(tons/ft) (bays/station) (mph) (ft) (ft) Weight Mileage System (tons) per Car 

Monorail, 
demand, 
NSS-1 0.044 2 10 6 1.75 26,000 200 

Monorail, 
scheduled, 
NSS-2 0.044 10 6 2 26,000 175 

Cable car, 
NSS-1 0.038 2 10 6 1.5 26,000 200 

Minicar, 
demand, 
UVS-1 10 to 12 15 7 3 ~15,000 250 (?) 

Minibus, 
scheduled, 
UVS-2 10 to 20 8 4 ~15,000 5,000 ( ?) 
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TABLE 3 

CO•T• OF CPI'E, 

Cost Item 

Capital 
Conveyor belt 
Motors and cables 
Vehicles 
Elevated 

structure 
Heating and al r 

conditioning 
stations 

Total 

Operating 
Energy and power 
Passenger super-

vision 
Maintenance 

Total 

Low-Speed Sidewalk 

Total 

4 X 106 

0.33 X 106 

N.A. 

N.A. 

N.A. 
N.A. 

4.33 X 106 

46 X 103 

N, A. 
8.9 X 103 

54.9 X 103 

Annual 

4 X 105 

0.3 X 105 

4,66 X 105 

Life 
(years) 

50 
50 

Modular Conveyor 

Total Annual 

4.4 X 10' 4.53 X 10 5 

0,7 X 106 0.643 X 10 5 

0.35 X 106 0.03 X 10' 

7.8 x 10° 5.142 X 105 

N.A. 
5.4 X 10' 4,3 X 10 5 

18.65 X 106 14.61 X 105 

266 X 103 

340 X 103 

91 X 103 

697 X 103 

Life 
(years) 

50 
50 
20 

75 

25 

High-Speed Sidewalk 

Total Annual Life 
(years) 

3 X 106 3,09 X 105 50 
0.644 X 10° 0.6 X 10 5 50 
N.A. 

7 X 10" 5.46 X 105 50 

1.3 X 106 1.37 X 10 5 50 
5.4 X 10' 4,3 X 105 25 

17.34 X 106 14.82 X 105 

194 X 103 

340 X 103 

80 X 103 

614 X 103 

was presumed for Saturdays and Sundays. Thus, the total number of assumed operating 
hours per year is 7,300. 

These values were calculated for the capital costs of necessary guideways, stations, 
and vehicles and for the various basic operating costs (energy and maintenance, for ex
ample, and, in the case of the minibus system, vehicle operating personnel). Capital 
costs were then amortized over typical lifetimes in each component case, and the re
sulting annual costs were combined with operating costs to yield total annual costs for 
each system. 

Figure 7 shows the rank ordered by the total annual costs of each system. The low
speed moving sidewalk, which has the lowest annual costs, must be considered in reality 
only a pedestrian aid. For relatively "long" distances (i.e., more than a few hundred 

TABLE 4 

COSTS OF NSS 

Monorail, Demand Monorail, Scheduled Cable Car 

Cost Item 
Life Life Total Annual Total Annual Total Annual Life 

(years) (years) (years) 

Capital 
Vehicles 0.3 X 106 26 X 103 20 0,5 X 106 43.5 X 103 20 0 .26 X 106 22.6 X 103 20 
Guideway 1.8 X 106 114 X 103 50 3.3 X 106 240 X 103 50 1.3 X 106 90 X 103 50 
Guideway 

auxiliaries 0,835 X 106 60 X 103 30 0.835 X 106 60 X 103 30 0.835 X 106 60 X 10 3 30 
stations 6.4 X 106 400 X 103 50 6.4 X 106 400 X 103 50 3.4x106 200 X 103 50 

Total 9.34 X 106 600 X 103 11 X 106 743.5 X 103 5,8 X 106 373.6 X 103 

Operating 
Energy and power 26 X 103 26 X 103 43 X 103 

Guideway main-
tenance 48 X 103 48 X 103 22.6 X 103 

Automation train 
operation 2,000 X 103 390 ~ 103 675 X 103 

station operation 1,000 X 103 307 • 103 60 X 103 

Yards and 
vehicle 
maintenance 328 X 103 328 x 103 52 X 103 

Total 3.4 X 106 1.1 X 106 0 .853 X 106 
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TABLE 5 

COSTS OF UVS 

Minibus Minicar 

Cost Item 
Life Life Total Annual (years) Total Annual (years) 

Capital 
Vehicles 1.6 X 106 90 X 103 12 13 X 106 1,550 X 103 12 
Data devices N.A. 0,066 X 106 7.9 X 103 12 
Yards 0.499 X 106 32 X 103 50 N.A. 
Garage N.A. 4.32 X 106 552 X 103 40 

Total 2.1 X 106 1.2 X 105 17.4 X 106 2.1 X 106 

Operating 
Energy an(j 

1 X 106, power 172 X 103 

Conduction of 
transpor-
tation 1.77 X 106 N.A. 

Information 
systems N.A. 0,09 X 106 

Garage 47.8 X 103 0.95 X 10° 

Total 1.99 X 106 2.04 X 106 

aThese were calculated for gasoline engines If a battery electric system were used, actual operating costs might be 
somewhat higher; the cost of the battery amortized over its expected cycle life becomes an operating expense to 
which must be added recharge costs. Other maintenance costs, however, may be considerably lower for the elec
trically powered system. 

TABLE 6 

ANNUAL OPERATING AND CAPITAL COSTS 

System 

Low-speed sidewalk, CPPS-1 
Modular conveyor, CPPS-1 
High-speed sidewalk, CPPS-2 
Monorail, demand, NSS-1 
Monorail, scheduled, NSS-2 
Cable car, NSS-1 
Minicar, UVS-1 
Minibus, UVS-2 

Cost 

5.21 X 10' 
2.2 X 106 

2,1 X 106 

4.0 X 106 

1.84 X 106 

1.23 X 106 

4.14 X 10° 
2.11 X 106 

yards) trip time becomes rather long. It 
would require 20 min, for example, to travel 
a half-mile on such a system. Although one 
would gain time by walking on the moving side
walk itself, it has been found that, in fact, not 
more than 30 percent of users actually do so 
in existing installations (4). Trip time and 
theoretical capacity for higher speed mov
ing sidewalks are greatly improved, but 
effective capacity is still limited to that of 
their low-speed loading segments. The 
half-mile trip time for the other systems 
is on the order of 2 or 3 min. Moreover, 
the required width of the low-speed moving 

sidewalks necessitates, in practice, two parallel channels in each direction. 
The rental minicar costs, which were the highest, reflect the large number of cars 

assumed for the system and other major uncertainties. Actually, there is no reliable 
method of evaluating the vehicle requirements in this case without further data on aver
age trip and lengths of rental times for such a system. The vehicles, of course, are 
self-driven; thus, computer control and scheduling are difficult. However, the minicar 
system, because its vehicles are not constrained to a fixed route and guideway, can 
service a considerably larger area than can the guideway systems. For this same rea
son, its costs cannot realistically be compared with the others on a fixed-mileage route 
basis. In this case, the costs simply indicate the probable size of such a system to 
service an urban area with the indicated traffic density. 

The conclusion can also be drawn from this paper that a small-vehicle personal 
transit system cannot adequately meet a 10,000-passenger-per-hour traffic load when 
operated in a demand mode, unless more than one guideway is available in the peak di
rection. Depending on the specific application, this might not necessarily mean two 
guideways in each direction; a total of three might suffice, with one being used in alter
nate directions at different peak hours, because peak loads tend to be in opposite direc
tions in the morning and evening. 



30 

REFERENCES 

1. Walker, M. L., Jr. A Methodology for Estimating; Fuel Cum,umpliun fur Variuut:i 
Engine Types in Stop-Go Driving. International Research and Technology Corp., 
IRT-R-20, March 24, 1970. 

2. Walker, M. L., Jr., and McKenna, R. P. Generic Transportation System Capacity 
and Performance Characteristics. International Research and Technology Corp., 
IRT-R-38, Spring 1971. 

3. The Derivation and Analysis of Transit Costs. International Research and Tech
nology Corp., IRT - R- 29/ 6, July 28, 1970. 

4. Davinroy, T. B . Moving Walkways, Some Operational and Cost Aspects During 
Passenger Movement Applications. Pennsylvania State Univ., January 1970. 




