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in the magnitude of $33 billion over the next ten-year period. By
comparison, the congressional fund authorization now stands at $11.8
billion, which on an 80-20 sharing basis would fund approximately
$14.6 billion expenditures, less than half the indicated “need.” The
discrepancuy- is greater than these figures show because of the certainty
that costs will continue rising. Assume they rise at the rate of 10
percent per year; the minimum amount necessary” to carry out the
“needs” program is at least $53 billion. In summary, the relative
data are—

Billion
Estimated transit “needs” over next 10 yrs. (1975 dollars) ------- ------- $33.0
Minimum current dollar costs of meeting “needs,” assuming annual cost

inflation of 10 percent--- -------------------- -------------------- - 53.0
Outstanding Federal authorization--- -------------------- ------ _ -- -_ - 11.8
Amount of funding supportable by Federal authorization (80 percent

matching) -------------------- -------------------- -------------- 14.6

C O M P A R A T I V E  C O S T S  O F  T R A N S I T  M O D E S

Central to policy choices in the field of urban transportation are the
comparative costs of various levels of service and various transporta-
tion modes. Yet, in this field, there is little solid information on which
to base judgment. Different transit systems now operating show
substantial variations in operating and maintenance costs, and great
differences in capital costs. New systems such as the BART and
WMATA have grossly overrun original projected costs, owing partly
to inflation and partly to unanticipated developments. NTew demon-
stration systems, notably Morgantown, have had even more difficulty
with cost overruns.5

The situation is further complicated by the fact that, whereas art
of the costs involved in a transit choice are measurable by standard
statistical and accounting procedures, part of them—in particular
many of the all-important social and environmental costs—are not
amenable to quantitative measurement in dollar terms.

Cost comparisons are relevant, moreover, only if they involve
alternative means of accomplishing approximately the same objective.
While transportation systems featuring different modes (auto, express
bus, rail transit, automated guideway group rapid transit, or personal
rapid transit) may serve community travel needs, such diflerent
systems in fact ordinarily perform somewhat different tasks and cause
their service areas to develop in somewhat different ways.

Given the public apathy toward transit generally (as evidenced by
the secular decline in transit patronage), transit development can be
justified only if it promises to be substantially cheaper in out-of-
pocket costs, or has the clear advantage of providing superior service.

Preceding studies have established, however, that the advantage
of existing transit over auto is in the line haul, where large numbers
of people can be carried along a corridor. Here, transit’s potential
advantages can be realized, including economies as to right-of-way,
space required for vehicles, capital costs of vehicles, operating and
maintenance costs, and fuel consumption. On the other hand, transit
has a number of disadvantages, such as the fact that economies

5 The Morgantown Automated Guideway Demonstration Project, first projected by West Virginia Uni-
versity to cost $18 million, has thus far cost $64 million for little more than half the system originally planned.
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depend on a relatively high load factor, and the need for paid drivers
or for costly automatic guidance and control systems. A subtle
competitive disadvantage is in the previously discussed peculiarities
of the automobile pricing system which hide a substantial part of
automobile transportation costs.

The Economic Panel is therefore unable to present a systematic
picture of costs, particularly operating and maintenance costs of the
newer guideway systems. More information on this subject is one of
the greatest needs for future policy decisions. Some light on general
parameters may be shed, and perhaps some illusions dispelled, by the
following data and conjectures.

The most recent comparative estimates that came to the attention
rof the Economics Pane were from a study now being completed by

Douglas B. Lee, a member of the panel. Lee’s comparative cost data
are based on the Washington metropolitan area. The first set of figures
indicate the following “average long run” cost per passenger mile of
three modes, assuming that each mode is utilized to 20 percent of
capacity.

Average estimated long-run costs per passenger mile-auto, rail, and bus

Mode: Ce?lt8
per mile

Rail rapid, half in subway. ------------- _ ---- -.-_ ------ _ --------
Rail rapid, all above surface- _ _ ------ ----------------------- --- : :
Automobile (1.2 riders) ----- ------------------ _ ----- _______ --- _ _
Bus, in mixed traffic_ ------- -_ ------ ___ -- _ ------- _ _ ------------ ; :

The picture changes, however, if we assume that the respective

t
s stems are built for, and charged against, peak-hour travel, which in
t e Washington area is dominated by the journey-to-work. Transit
vehicles are assumed to be loaded to full seated capacity.

Estimated cost of peak hour travel on exclusive rights of way, auto, rail, and bus per
passenger mile

Mode:
c e n t a

per mile
Rail rapid, surface---- ---- -------- ---- - ----- ---- ------ --------- 29
Bus, on exclusive right-of-way ----- _ --- _ _ ----- _ _ -----------------
Automobile (1.2 riders) ----- - ---- --- --- -------------- ---- ------- %
Automobiles (3 riders)_ - _ - ----- ------------------- ------------- 35

The broad relations shown by the above figures are believed to be
generally valid though absolute figures for different systems will, of
course, vary.e The following observations are of particular interest. “

. Where average loading is 20 percent of capacity, rail rapid
costs per mile are by far the highest cost mode. But when
facilities are provided exclusively for peak-hour travel, the
auto is by far the most costly unless the average number of
passengers can be substantially increased.

6 The relation between auto and heavy rail transit costs for eak-hour travel corresponds
$with computations made from cost estimates prepared for the 1 ashington Mass Transporta-

tion Study in 1958 of the costs for handling peak-hour trafic by three modes—with auto-
mobiles and rail rapid transit each requiring new roadways, and express buses requiring
reserved lanes and other special facilities. The per-passenger-mile figures were :

Cent8
per mile

Automobile (1.5 riders) ------------------------ --------------------- . . . . . . . . . . . . . . . . . . . . . . 1:.:
Rapid rail ---------- --------------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... -----------------
Express bus ------------------ ------------------- ---------------------- . . . . . . . . . . . . . . . . . . . 318

(Fitch and Associates, op. cit., p. 266. ) The substantial differences between these figures and
Lee’s figures reflect both the extraordinary inflation between 195S and 1973, and the fact
that the 1958 figures omit some elements included by Lee, notably environmental costs.
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Bus costs are relatively low when buses utilize existing road-
ways, where they are impeded by competing traf%c. Improving
bus service by exclusive rights-of-way increases costs.
Bus and rapid rail operating costs per mile are approximately
equal. Where buses operate on exclusive rights-of-way, total
costs per mile are approximately equal to those of rail on
surface.
About 60 percent of bus costs are in labor, and about 40
percent (two-thirds of the labor costs) are in bus drivers.
(Some systems report substantially higher proportions.)
Rapid rail is fastest, but is disadvantaged by the time and
effort required to get to the relatively few stations.
Buses destined downtown. and rapid rail. are disadvantaged
by difficulties of distributing passengers to’destinations. Q

RANGE OF TRADEOFFS BETWEEN AUTOMATION AND LABOR

A subject of great interest among transit engineers and operators
has to do with automation as a means of reducing transit labor
requirements. Bus operators in particular, plagued by high ratios
of operator costs to total operating and maintenance costs, collective
bargaining and rising wage rates, and the always-present threat
of strikes, find the idea of automation appealing. The automatic
elevator is often cited as evidence that automation can produce sub-
stantial savings by replacing operating personnel.

Ignoring for the moment the politica and labor relations problems
of substituting automatic controls for union labor, however, the
economics of automation involve a tradeoff between labor required
for a less automated system (all transit involves some degree of auto-
mation) and the amount of capital and labor required for a more auto-
mated system. Automation requires high-skilled labor for maintenance
which at least partially offsets the greater labor requirements of less
automated systems. The central question concerns the amount which
can be economically invested in automation for the purpose of reducing
personnel requirements.

Assume: (a) drivers compensation beginning at $15,000 a year,
increasing at the rate of 7% a year; (b) a 15-year life for automated
equipment; and (c) a discount rate of 7%. Under these assumptions,
the present value of the driver’s compensation, for 15 years, is approxi-
mately $136,000, which is the limit of an investment in automation
to replace one driver (or equivalent employee). Various assumptions
as to the rate of wage inflation and the level of discount (interest)
rates yield the following results.

Initial wage--$l5,000 a year

Discount rate Break+ men point for
Annual rate of wage increase (percent) labor-saving investment

in automation

5 percent. ------------ --- ------ --- ----- _ ---- 7 $117,274
7 percent-- -------------------- -- _ ---------- 136, 700
10 percent- -------------------- ------------- ; 172, 700
7 percent- -------------------- -------------- 10 90,200
10 percent- -------------------- ------------- 10 114, 000
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The break-even point varies directly with the level of wages and
fringe benefits and the rate at which they increase, and inversely
with the levels of interest rates: high interest rates raise the cost of
capital equipment.

With these data we can make some illustrative conjectures respect-
ing the benefits and costs of complete automation. We begin with an
actual bus transit operation in a major city, with 2,OOO buses. It
employs—

3,300 operating personnel.
700 maintenance personnel.

The number of personnel required is thus two per bus, 1.65 for
operations, and .35 for maintenance.

An engineering group with recent experience in automated guide-
way

l
construction estimates that the cost of complete automation,

incuding equipment for both guideways and vehicles, is approxi-
mately equal to that if unequipped vehicles. The cost of a present-day
50-passenger bus (weighmg 15,000 pounds) is a  about $60,000. Assuming
that automation costs another $60,000 we have a benchmark for
evaluating the possibilities of tradeoff, using the data presented in
the preceding table of breakeven points.

An automated system itself requires extensive maintenance, both
because of the complexities of the control technology and the very
high performance standards required to keep the system in continuous

fsa e operation. Referring back to the personnel requirements of the
above-cited bus system, assume that automation could reduce the
number of operating personnel required by two-thirds, but that an
additional .5 man per vehicle would be required for maintenance.
These assumptions would reduce the labor force to 2,800 for a saving
of 1,200 or .6 employees per vehicle. Reference to the above table
shows a positive payoff for an investment of $60,000 to eliminate
one position. For example, assume for the eliminated position:

Starting compensation of $15,000, increasing at an average
rate of 5 percent per year;

A discount rate of 7 percent; and
A 15-year life for equipment.

The discounted cost of .6 of a position is approximately (.6X
$117,272) $70,400; the benefit-cost ratio is ($70,400-$60,000) l.17—
not a large margin in view of the many uncertainties.

If it were possible to bring the operating and maintenance staff
down to one per vehicle, the benefit-cost ratio under these assump-
tions would be 1.9. But observation of present systems, and considera-
tion of union pressures and other factors, make it appear unlikely
that any such figures can be achieved. The semi-automated Linden-
wold line, with 75 cars, employs a maintenance force of 76 for
vehicles and 55 for right-of-way, power, signals, communications,
and stations—a total of 1.75 per vehicle. Another 117 (1.56 per
vehicle) are employed in operations—police, passenger agents,
operators, revenue collectors. The total is 3.31 per vehicle, 1.31
more than that of the bus system referred to.

The above statements, to reiterate, are only conjectural. But
they do argue against blind faith that complete automation can
signficantly reduce transit labor costs. Automation must depend on

Yot er rationales such as greater safety in operation, increased comfort
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controlled acceleration and deceleration), and lower
headways -(making it possible to increase the flow of vehicles on a. . .
guideway).

Finally, a high degree of automation is required for personal rapid
  Rtransit, if this is to be an ultimate objective of transit &D.

C O S T S  O F  A U T O M A T E D  G U I D E W A Y  A N D  P R T  SY S T E M S

At the time of this report, only two automated guideway systems
more complex than simple loops or shuttles had been installed—
Airtrans at the Dallas/Fort Worth Airport and the Morgantown
demonstration system at Morgantown, West Virginia. The Airtrans
system had not yet s%haken down, ” so that no data were available
on the number of operating and maintenance personnel which would
be required after the shake-down period.

The Morgantown system was not yet in operation. Engineers of
The Boeing Company, main contractors for the system estimated
roughly that the capital costs would break down approximately as
follows: right-of-way, 50 percent; vehicles, 25 percent; automatic
control system, 25 percent.

Vehicles cost about $113,000 apiece, or roughly $13 a pound for
an 8800-pound vehicle with a capacity of 20 (8 seated, 12 standing).
Boeing engineers expressed the opinion that production in modest
volume might reduce costs to roughly $10 per pound, or $85,000-
$90,000 per vehicle (1974 dollars).

The fact that the development costs of the Morgantown system
were greatly over original projections ($64 million has been spent on
little more than half a system originally projected to cost $18 million)
indicates the hazards of projecting development costs of new tech-
nologies, let alone ultimate capital and operating costs of actual
systems deriving therefrom.

The point is demonstrated also in the great differences in the
projected costs of constructing, equipping and operating a PRT
system. The following table gives comparative data from three recent
analyses: one by the Aerospace Corporation of a system projected
for Los Angeles; 7 one done for the U.S. Department of Transpor-
tation of a hypothetical town (Plastictown); 8 and one by a consortium
of firms headed by DeLeuw, Cather and Company, for a system
projected for the Twin Cities area.g

The data for the last study concern a so-called “high performance
personal rapid transit”, elsewhere referred to as “group rapid transit”,
which is between the present generation of SLT systems and true PRT.
The vehicles are 8-passenger instead of 4 to 6–passenger.

T Results summarized in Economics and Science Planting, Inc,  Public Z’randportatiora  Service QuaZity—
Some program .4 Zternatfoeu,  a report prepared for the Urban Mass Transportation Administration, Depart-
mfy~igf  Transportation, March 1975.

@ Aukmated  SrnaU Vehicle Fixed  tiideway  S@em8  Study, Twin Cities Metropolitan Area Transit Com-
mission Study, March 1975. Page VII-18.
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Even allowing for the fact that the cost data are on somewhat
different bases, the respective projections differ greatly; vehicle cost
estimates, for example, are an order of magnitude apart. It may be
pointed out, however, that the $10,000 per vehicle cost estimates for
PRT systems are in the cost range of high-performance automobiles,
although the performance reliability for PRT vehicles would need to
be much higher than for private automobiles, in addition to which
PRT systems would require highly complex control systems.

The Twin Cities study vehicle cost projection is in the range of the
actual cost of the considerably larger Morgantown vehicles. There is
no apparent reason for the great difference between the vehicle cost
estimates; if anything, the more complex pure PRT vehicles should
be more costly.

There are no comparable estimates of operating costs, but data
published by Aerospace engineers appear unrealistically low. One
Aerospace-sponsored study cites a vehicle operating cost figure of 1.9¢
per occupied vehicle mile.10 Average occupied mileage per vehicle is
estimated at 20,000; annual vehicle operating costs thus would be
$380 (1971 dollars). But if one assumes one maintenance man for
five vehicles (probably a conservative estimate in view of the experi-
ence of present systems), at $10,000, the annual labor cost for main-
tenance alone would be $2,0OO per vehicle, or 10¢ per occupied vehicle
mile for maintenance alone. Another $1,000 for fuel and operating
labor costs, which seems not unreasonable, would bring total oper-
ating costs to 15¢ per mile.

Assume (a) a more realistic, but still conservative, vehicle capital
cost of $25,000, (b) a 20-year life for vehicles, and (c) an interest rate
of .08 percent per annum. The annual amortization charge per vehicle
is $2,546, or 12.74¢ per mile. This brings the total figure for vehicle
operating and capital costs to 27.7¢ per occupied mile, compared with
the Aerospace projection of 15.6¢ for total costs, including operating
and capital amortization costs of guideways and stations, shown in
Table 2.

These projections and conjectures are cited only to demonstrate
the unsatisfactory state of PRT cost data at the present time.

O T H E R  Q U E S T I O N S  A B O U T  P R T

Assuming that PRT systems are technically possible, a number of
other critical questions respecting them arise which cannot be an-
swered with information now available. More extensive engineering
and economic studies may narrow the range of cost projections,
utilization projections, etc., but no amount of paper analysis can take
the place of actual hardware development and testing, and experi-
mentation on a substantial scale.

Critical questions include the following:
. Can PRT systems provide cheaper transportation than private

automobiles? It would seem that the more nearly PRT approxi-
mates the kind of random access capability afforded by the
private automobile, the more likely it is to exceed automobile-

10 L~~~ R. B~h, The ~~~~i~a  ~j H@.c~p~City  PR1’  s~a~t~~,  a paper presented  at the National cOll-
ference  on Personal Rapid Transit, November 1971.
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level costs. The proper comparison is not with the present
generation of automobiles but with the future generation which
will be on hand by the time PRT systems can be developed and
installed, and which (if present trends continue) will be lighter
and more economical. There appears to be no reason why
automobiles designed for urban use should be bigger or heavier
than PRT vehicles, and accordingly there is no a parent reason
why they should require more energy 11’ PRT as the major
disadvantage of requiring higher performance vehicles and
complex control systems, both of which would be costly and

fwou d require a high level of maintenance.
. How many automobiles could be replaced by PRT vehicles?

For peak-hour work trips, the number of PRT vehicles required
will be some fraction of the number of automobiles, which is
approximately the reciprocal of the number of rush-hour work
trips they can make. Presumptively the average is between one
and two, meaning that each PRT vehicle can replace no more
than one to two automobiles. In off-peak hours some PRT
vehicles can be employed for off-peak travel, replacing

t
still

other automobiles. he ones replaced, however, WOU1 pre-
sumptively be only those whose use is limited to the urban area
served by PRT. There would seem to be an outside limit on
the number of automobiles that could be replaced per PRT
vehicle.

. What is the tradeoff between storing automobiles in parking
lots or garages near work places, and the alternate of storing
PRT vehicles in other areas where land maybe cheaper? Back-
and-forth movement of empty PRT vehicles would offset part
of the presumptively more expensive storage of automobiles near
activity centers.

. How much social cost would PRT impose on neighborhoods in
the form of noise, unsightly guideways, disruption of on-going
activities, alteration of buildings, etc. ? Despite claims to the
contrary, the structure for an elevated guideway in high
density areas would have to carry at least as much weig t
as a single-lane guideway designed for automobiles, since it
would have to support moderately heavy vehicles running at
short headways.

. How much road space could PRT eliminate? What with con-
tinuing urban decentralization and lower, but more homo-
geneous, land use densities, there will be less need for transit
lines or freeways to provide access to areas of high concentra-
tion. Roadways will still be needed for motor vehicle access,
goods movement, and other purposes, so that the possibilities
for tradeoffs appear to be limited.

. How good a substitute is PRT for the private automobile,
particularly in less densely populated areas? A PRT rid with

ldines spaced one-half mile apart, for example, WOU1 require
trips of up to one-half mile to reach a PRT station.12

11 probably  pRT vehicl~  wo~d  utilize @ &flerent  form of energy, for example, ekotricity instead Of
gasoline.

IS A pe~n located  in the Cent,or of as uare  of a grid ~ udle on aside is [2(.25)3] .6, or.% mile. ~ the crow
J%fliea,  from the intersections of the rid, w we PRT  stationawould be located. If he h~ totravel along streets

laid out parallel angles to the grf , he would have to travel ~ mile to reach an intersection.
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. What are the tradeoffs between PRT and various substitute
transportation systems and modes? Three possible alternatives,
as yet little utilized, are the following:

Uncoupled grid systems with transit vehicles running back
and forth on the rows and columns of the grid, so that a
traveler starting from any intersection on the grid could
reach any other intersection, with only one change of vehicle.
One of the advantages is that different types of vehicles
might be used on the various lines of the grid, depending on
travel densities, local physical conditions, and already
existing facilities.

Utilization of small rental automobiles, perhaps electrically
powered, which could be procured expeditiously for trips
between points in the service area. (Amsterdam is reported
to be experimenting with such a system, which would have
the advantage of (1) utilizing existing roadways and (2)
avoiding the need for high-cost guidance and control sys-
tems.)

Para-transit modes, for example, dial-a-bus systems.



Chapter 3: Justification for Transit Research and Development

What criteria can be used to decide upon the amounts of research
and development funds which the Congress should appropriate to
further transit expansion and improvement? As with many such
questions, there are no formulae which give definite answers, partly
because the benefits of R&D expenditures may not be immediately
discernible, may take a different form than those originally antici-
pated, and may accrue to society at large instead of a particular
corporation or government agency in a form which can be measured.

There are no data with which cost-benefit analyses can be con-
structed. The cost of obtaining specified results in this field cannot
be computed in advance within wide limits. Estimates of the cost of
developing PRT technology, for example, run up to $250 million;
its benefits, at the present stage, are, in the view of most of the mem-
bers of this committee, unpredictable.

R&D expenditures in this field, therefore, are essentially an exercise
in decision-making under conditions of uncertainty. In such situa-
tions, however, there are rules for promoting desirable outcomes
and reducing the probability and impact of bad decisions.1

The following considerations and suggestions set forth in a con-
cluding section aim at these objectives.

R&D EXPENDITURES IN THE U nITED STATES

Estimated research and development outlays in the United States
were $13.7 billion in 1960 and $32.1 billion in 1974. Defense and space
expenditures, however, accounted for 55 percent of total R&D in
1960 and 38 percent in 1974. The federal government supplied 64
percent of R&D funds in 1960, and 53 percent in 1974. Industry
funds supplied 32 percent in 1960 and 40 percent in 1974.

In the defense area, R&D expenditures were 16 percent of U.S.
defense expenditures in 1960, and 12 percent in 1974. Industr~-
supplied R&D funds amounted to 6 percent of U.S. private domestic
investment in both 1960 and 1974,2

C O N S I D E R A T I O N S  B E A R I N G  O N  T R A N S I T  R & D

The following considerations bear upon the needed R&D effort in
transit, and particularly for the automated guideway program:

. Industry interest in the field of transit has been greater than in
many other fields, because of the hopes in the 1960s that a
market would develop for new transit forms which would be
lighter and more flexible than traditional heavy rail systems
and avoid the disadvantages of buses operating on highways

1 See  Ruth P. Wick,  Planni~  on Uncertainty; Decfaion-Making  in Buaine88  and f30vernment  Administra-
tion.  New York: John Wiley & Sons, 1971.

2 Source of data: U.S. National Science Foundation, reported in Stattitical  Abstract of the  United State8,
1974, pp. 530-2.

(315)
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and streets. Several variations of automated guideway transit
systems were developed and exhibited in prototype form at
DOT’s 1972 transportation exposition. (Transpo-72). But the
market never materialized. Outside of several airports and
amusement parks, there were no commercial applications of
light-weight AGT systems in the United States. Industry is
losing interest in the field.

. Technological development in the field of transit is similar to
that of government technological applications generally. It is
difficult to stimulate demand for products which have not yet
been developed; private industry, uncertain as to the needs
and potentia for technological applications in a field dominated
by government, hesitates to undertake large R&D expenditures.

. Expenditures for transit R&D were of the ma
P

f
cent of total Federal capital rants between

f
Y 1966 and FY

1973, but for FY 1974 and Y 1975, R&D has amounted to
somewhat less than 5% of capital grants.

. As indicated earlier, the Federal government is already com-
mitted to spend nearly $12 billion in transit improvement over
the next half dozen years. Total transit needs over the nexit
decade are projected at $33 billion; and as much as $60 billion
over the next two decades. (These projections are in 1975
dollars.) The Economics Panel’s opinion is that expenditures
of as much as 5 percent of the amount of projected grants for
mass transit improvement would be a modest investment in
improved transit technology to realize the greatest possible
benefits from transit development expenditures. The amount
would be equivalent to some $600 million R&D, as a corollary
to the present congressional authorization of $11.8 billion. The
panel points out also that it is imperative that, for the huge
transit development program to benefit from technological
advance, the advance must be made early in the program. The
panel therefore recommends accelerating the R&D program for
automated guideway transit systems, and undertaking the
exploration of several technologies. We emphasize that if the
results of such research are not forthcoming early, their poten-
tial benefits will almost certainly be greatly reduced since a
large share of the nation’s future urban growth will occur in the
next two decades.

Having indicated the amount that may be justified, however, the
panel wishes to add that productive expenditure of transit R&D funds
will require much better management of UMTA’S R&D program than

!has characterized the program in the past. Some speci c suggestions
and recommendations toward this end are made in the final section.

● A s
f’

reviously mentioned, the two chief technologies now
avai able are rail systems (with some distinction between
“light” and “heavy”) and bus. A number of communities, in-
cluding the Twin Cities and Denver are interested in auto-
mated guideway (GRT) systems with lower capital and
operating costs and greater flexibility than the heavy rail
systems which have dominated transit development recently.
While GRT capacities are less than those of heavy rail systems,
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the capacity specified by UMTA—15,000 per lane per hour—
is adequate for nearly every corridor in United States urban
areas today not already served by mass transit.

● The magnitude of the potential benefit of R&D is suggested by
the following comparisons. The costs of the Washington mass
transit system will come between $45 and $50 million per mile
for a two-track system, with the cost of the above-grade por-
tion of the METRO system trackage estimated at $11.7 million
a mile. The target figure for UMTA’S GRT project is $3.0
million for above-grade, single lane guideway, or $6.0 million
per mile for a two-track guideway, and $8.0 million a mile for
the complete system.

Recognizing that these two sets of figures are not strictly com-
parable (the WMATA guideway figure includes land costs, for exam-

r
ple), the UMTA target is a cost figure of no more than half, perhaps

ess, of the cost of present heavy rail systems. however it should be
emphasized that such savings apply only to systems which can be
constructed above ground. Once It becomes necessary to put AGT
underground, guideway costs may approach those of conventional
rail systems. More research is needed respecting the problems of
deploying GRT in already built-up areas.

Another question lies in the area of operating costs. While the weight
of the so-called light transit vehicles may be less than that of conven-
tional buses and rail cars, the weight per passenger of systems devel-
oped thus far approaches that of conventional systems. Without a
reduction of per passenger weight it will not be possible to reduce
energy costs of operation. Table 3, below, shows the comparative
weights of various transit vehicles.

TABLE 3.—Comparative weights of various transit uehicles

Lm~ty Area Empty Weight Maximum Loaded
(Sq. weight per sq. passenger weight per

feet) (pounds) foot load 1 passenger z

BART. ---------------- 75.0 787.5 59, 000 75 240 395
Lindenwold -- ----------- 67.5 675.0 72, 000 108 169 600
Washin ton Metro ----- --

8
75.0 765.0 72, 000 94 221 475

Ford A T-------------- 24.7 165.5 12, 500 75 48 410
Mor antown-- ---------- 15.5 103.8 8, 600 83 21 565
AIR?I’RANS (Dallas/

Fort Worth Airport) --- 21.0 147.0 14, 000 95 60 403
Westinghouse (Seattle-

Tacoma Airport) - _ ---- 30.5 265.4 20, 500 77 120 340

1 Based on maximum possible loading.
z Ratio equals loaded weight divided by the number of passengers.

. Another measure of potential return on transit R&D lies in the
possibility of reducing the needs for urban arterial highways
for peak-hour transit. The cost of a six-lane highway, in an area
with an average population density of 6,000 per square mile, is
of the rnagnitucle of $25–$30 million per mile, of which $14–$16
million is for construction. The capacity of such a freeway
assuming average loading of 1.2 persons per auto, is less than



318

the target capacity specified by UMTA for the automatic
guideway project.. If UMTA’S cost targets of $4 million per
one-way system mile could be achieved, a saving from reducing
highway construction by one mile would pay for four miles of
two-lane transit line, of somewhat greater capacity. Land costs
for GRT would also be lower.

● The hoped-for payoffs of R&D are two. First is a much deeper
knowledge of the nature of transportation needs in present and
developing urban communities and the technologies by which
needs may be most effectively served. Second are improved
technologies which can meet future as well as present transit
needs in many urban areas. At the least, there is bright hope
for improvement of propulsion systems, braking systems and
other hardware which will improve the serviceability and com-

rfort of the next generation o transit vehicles. Further in the
future is the potential of a true personal rapid transit tech-
nology, which should go far toward overcoming the disad-
vantages of and inadequacies which characterize today’s
urban transportation systems.

. The panel warns that transit R&D is a high-risk investment.
It is not yet certain that quantum advances are possible. In the
panel’s estimation, however, the potential payoffs of a well-
managed R&D program justify the risk.



Chapter 4: Suggestions and Recommendations

G E N E R A L  R A D  P O L I C Y

The Economics Panel concurs with R&D expenditures of up to 5
percent of federal appropriations for transit, providing that program
objectives are more clearly defined and more emphasis is given to the
purposes to be served by different transit modes, the environment in
which they must operate, and the kinds of new technological develop-
ments most needed.

The Economics Panel is concerned with the lack of knowled e
irespecting specific transit needs in American cities, how new tech-

nologies might be adapted to already built-up areas without incurring
fthe enormous costs o going underground, and how they most effec-

tively serve new developing areas. One panel member expresses his
concern as follows:

Deployment studies should be the main focus of PRT research
because it is not certain that present hardware development
objectives, even if they achieve fractional headways, would be
useful for major metropolitan systems in the United States.
Extensive research and development in improving the suspension,

Ypropulsion, and control hardware on PRT systems wou d seem
to be premature until it is clear that they would be useful when
perfected,

Application studies should be conducted across a wide range
of cit)’ sizes, densities and configurations. In each case, actual
PRT systems should be laid out and planned on the assumption
that technological im movements can be made available. Simula-

11tion studies should e conducted to the extent necessary to
determine best control of system strategies, vehicle deplo~’ment
strategies, best highwa~’ planning strategies, etc. The results
would provide better insights into such matters as:

1. The headway required for transit vehicles to be effective under different
situations; (Perhaps fractional second headways are not needed after all.)

2. The number of stations required under different conditions;
3. The number of tracks needed and the dimensions of stations in central

business districts, outlying residential areas, and other major commercial
areas;

4. The line spacings appropriate under different city sizes, densities, and
configurations;

5. Research on public acceptability of new hardware in various areas in
actual cities.

Another panel member believes that great emphasis in UMTA’S
overall program should be on rationalizing urban transportation policy
in such a way as to create a climate that is conducive to the success
and growth of transit alternatives.

(319)
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For example, full cost pricing-especially during peak periods—
of existing transportation would have much more impact on
urban transit than the most exotic, attractive and functional
new technology. Anything less would leave UMTA with an in-
creasingly expensive sector to subsidize, less flexibility in respond-
ing to urban transit needs, and little opportunity to introduce
new technology into a friendly environment.

Another panel member also questions the priority of more hardware
R&D at this stage. He says:

The main (research) issue is whether there exists a set of
transit performance characteristics that, at any non-negative
price, and at existing or expected automobile trip prices, wil 1 lead
significant numbers of persons to choose transit rather than
automobiles for urban trip s during congested portions of the day.

hIt would seem, then, t at the requisite research would divide
rather naturally into the following parts:

1. The first part would be some sort of a parametric simulation to deter-
mine if any vector of transit characteristics, including price, exists which
might have some chance of attracting large volumes of riders, with or without
changing the price structure for automobile trips.

2. If such a vector is found, the second step would be to undertake the
hardware and system research required to determine whether a system with
the desired characteristics can be produced and operated at costs which
would make it consistent with acceptable fares and subsidies.

3. If a system appears technically feasible, the third stage of research
would be to desi n and deploy that system in an environment in which both

Jthe technical an demand characteristics of the system could be tested. The
purpose of this step would be to validate both the market simulation and the
technical research. If the system proved effective, further deployments
could be executed.

The major difficulty with the research program outlined by
the panel report is the inadequate emphasis on demand and the
excessive emphasis on the hardware and system side. There is
little point in designing new hardware or systems unless there is
some indication that the system would attract riders at some
economically reasonable price.

S U G G E S T I O N S  F O R  T R A N S I T  R E S E A R C H  M A N A G E M E N T

Various members of the Economics Panel sumgested that the UMTA
R&D program in the past has lacked focus and direction and that
more attention should be given to improving research management
and to strategies for encouraging the development and adoption of
new transit technologies. The panel lacked time to formulate a com-

F
rehensive set of suggestions, but contributed a number of suggestions
or improving research management.

Broader Views of Transit Functions.—As to UMTA’S proposed re-
search on automated guideway transit, the Economics Panel has ex-
pressed four main concerns.

● It was generally felt that the proposed GRT development program, which
will select one of three quite different technologies for actual development
and demonstration, will incur the risk of freezing GRT technology before
the principal alternatives have been sufficiently explored.
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● There is some danger in the proposal that the firm selected to build the
prototype system in Phase 2 of the GRT project will gain a monopolistic
position in the transit supply field. Such a development, it is felt, would
be prejudicial to the interest of both potential future transit suppliers and
the urban areas which are the potential customers for new transit
technologies.

● The proposed technique of selecting firms for R&D does not afford suffi-
cient incentive for firms to develop products in the hope of marketing them
thereafter. Partly because of disillusionment over the failure to develop a
market for new technologies, firms tend to regard R&D projects as ends in
themselves, from which to extract as much profit as possible. Such an
attitude is not conducive to the innovative, yet practical, product develop-
ment at which American industry presumably excels.

● The Economics Panel wishes particularly to emphasize demonstration
projects should not be exploited for political purposes of the incumbent
administration, nor for public relations purposes of the supplier or of
UMTA. Both the Morgantown demonstration project and the BART
system have suffered as a result of pressure to rush them along and to
open them prematurely.

Specific Long-Term Objectives.—The present “HPPRT” program,
is felt to be lacking in specific long-term objectives. A principal

iobjective mentioned by UMTA is the ultimate development of P T
technologies, It is not clear how the proposed project would con-
tribute to this long-term objective, or what the next steps would
be. Also, there is no plan for utilizing the results of R&D thus far,
nor the results of the proposed project, The most pressing present
needs, on the other hand, are ones to which light-weight GRT systems
may be applicable.

Increasing Incentive for Suppliers.—UMTA should examine the
possibility of aggregating markets for transit systems and transit
hardware as a means of increasing incentive for suppliers to under-
take R&D on their own and enable realization of economies of large-
scale production. Market aggregation could be achieved in several
ways. One way is to induce several communities with similar needs
to contract with a supplier or suppliers for specific items, which
may range from whole systems to specific hardware. Such a buyer
consortium would presumably use mutually agreed-upon specifications
in soliciting bids from suppliers. (The following recommendation
has to do with the development of specifications for such purposes.)
UMTA’S position as a major source of funds for transit development
places it in a strategic position to encourage such consortiums.

Specifications.—One of the objectives of the research program
should be the development of specifications for automated transit
systems and components thereof. It was noted that many elements of
transit technology are still in the experimental stage. (Even the
rail systems which have recently begun operating, notably Lindenwold
and BART, have experienced much trouble with design and per-
formance of various hardware components.)

. Primary attention should be given to developing specifications
for requirements of transit systems overall, environmental
aspects (for example, designs which can be adapted to already
built-up areas), and hardware components.

. Also needed are better evaluation criteria for determining
whether performance specifications have been met.



Deployment Dernomtrationx.—Once a new technology has been de-
veloped, UMTA should take the responsibility for seeing that it is
adequately tested and demonstrated in real-use situations. This
involves projects which will put the technology to actual use. For
example, the next round of development in GRT systems might be
utilized to meet some such common need as connecting a large parking
area to a central business district. University campuses offer a good
testin ground for transit development. The unfortunate experience
with Morgantowm should not preclude deployment demonstrations
on other campuses.

Incremental Building. -Such deployment demonstrations may serve
as building blocks for testing larger systems. For example, a technology
which has proved successful on, say, a university campus might be
employed next in a small urban community as a second development
stage, and in a still larger community as a third stage. Or transit
systems may be built incrementally, perhaps in $100-million units
rather than billion-dollar units. In this connection, the experience of
Toronto, which started with a four-mile line along Yonge Street, is
instructive, Baltimore and Buffalo are using such a strategy at the
Present time.1.

Continue and Expand Present Systems.-UMTA should make sure
that the utmost benefit is derived from projects already mounted.
This means learning all Possible from the Morgantown. Dallas-Fort
Worth, BART, and other new systems. In particular, a’ system such
as Morgantown should not be written off as an unfortunate mistake
but should be continued and, if possible, expanded to the point of
making the project useful for learning purposes as well as for practical
DurDoses.
 Personal Ravid Transit.—Finallv, it should be recorded that one
member of the’ Economics Panel, ~. ‘Edward Anderson, feels strongly
that personal rapid transit is so promising, and the need for it so
imperative, that a significant portion of federal transit R&D should
concentrate on bringing the technology and planning methodology to
fruition within the shortest practical time consistent with good
management practice. He believes that the concept is feasible tech-
nologically. Other members of the panel are skeptical about the
possibility of developing dependable, economically feasible PRT
within the foreseeable future.

1 One panel member objects that “the deployment demonstrations suggested simply do not contemplate
the kind of environment necessary to make the necessary market tests.”
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Introduction

Any assessment of the social acceptability of automated transit
can only be speculative at this time. The Social Acceptability Panel
offers the following comments and opinions to illustrate issues that
need further research and consideration rather than to attempt a de-
finitive or authoritative review of the subject. Indeed, the most
significant conclusion this panel can offer is that there is at least
as much research work to be done on the potential social and environ-
mental impact in urban areas of automated guideway transit as there
is on the technological developments.

The evidence of recent and current local studies on automated
transit indicates that planning and decision-making at the local
level on the use of automated systems is an exceptionally difficult
process in automobile-dependent communities.1 Achieving an “ac-
ceptable” plan involving massive capital investment, uncertain operat-
ing cost, and educated guesses about the resultin impact on trans or-

f ktation, the environment, and urban form is a formldable task. he
process must not only involve a complete analysis of all possible
alternative approaches to transit—automated, non-automated, and
mixed—but must also be responsive to a broad range of community
interest groups. It must be strongly related to comprehensive regional
land use planning. If the reserach efforts of the Federal government
are to result in actual urban use of automated systems, it must be
recognized that communities need a great deal more than test track
technological developments with which to judge the merits of these
automated systems. They must have better answers about human
engineering issues, costs, eflects on land use and environmental im-
pact. At this time, it may be appropriate to apply existing automated
technology to urban and specialized settings to get some of those an-
swers be ore committing the bulk of available research funds to more
advanced technology ies. It must be remembered that local decision-

fmakers are more li ely to be politicians than technical experts. The
negative consequences of their last venture into major transportation
‘improvement” (i.e., urban freeways) has made them very wary.

This panel agreed that raising the level of confidence concerning the
social acceptability of automated transit will require:

. R&D programs directed at the process of predicting, inter-
preting, and communicating the social consequences of trans-
portation improvements.

● clear indication of long-term Federal financial commitment to
automated transit.

I ~{DeVelOprnent  0[ performance  specifications  for the Regional Fixed CMideway  SYstem,”  SimWn  &
Curtin/Midwest  Planning, Inc. for Twin Cities Area Metropolitan Transit Commission. Reports 74-1 & 2,
January 1974.

“Automated Small Vehicle Fixed @ideway  Systems Study,” prepared by DeLeuw-Cather  for Twin
Cities Area Metropolitan Transit Planning Commission, #75-03 (Preliminary Draft), January 1975.

“The Transit Issue,” Thomas Todd, presented to the House ha!  and Urban Af?atrs  Committee, Minne-
sota Legislature, January 22, 1975.
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Chapter 1: A Context of Need

The question of the overall social acceptability of automated guide-
way transit must be viewed within the context of the comprehensive
transportation challenge facing many emerging metropolitan communi-
ties today. Until fairly recently, the combination of cheap land, cheap
energy, strong economic growth, and lack of concern about pollution
and urban decay, coupled with relatively high personal income and
widespread auto ownership ,

t
led inevitably to the wide dispersion of

homes, jobs, stores and ur an activities. In most cases, the only link
now joining these elements is an extensive network of highways and
streets. Public transit systems, coomposed mainly of buses, carry only a
tmy fraction of travelers even m communities which are pursuing
aggresslve upgrading of service.

8 lowly people began to notice that the resulting urban form with
its accompanying auto congestion was causing roblems both in the

rsuburbs and central cities. Public awareness o the plight of those
with no access to the auto developed. The first step taken to combat
the ills was localized opposition IO new urban freeways. Renewed
interest in improving public transit marked the beginning of a new
era. Environmental concerns, shortage of oil, inflation and the threat
of economic slowdown boosted the cause and elevated transportation
issues into general public consciousness. Current man-on-the-street
interest in public transit may be shifting from an attitude of “We
must have better public transit so that I can drive without hindrance
and my neighborhood can be protected from excessive through
traffic” to a new focus best expressed as “Can I get to work on time
if I have to give up my second car, or, will my family have to face
isolation at home during the day?”

This shift in public attitude has major potential for those who must
find solutions. The task may no longer be to lure the consumer from
his auto by duplicating the characteristics of that auto in the form of
regionally deployed true PRT, as was once thought. It now seems

1ymore probab e that the challenge of the next thirty years lies in
increasing the productivity of aU elements of the existing investment
in road systems. This period will probably be characterized by a
reduction in family auto ownership, emphasis on more efficient autos,
car pooling, more efficient use of roads, attempts to check urban sprawl,
and reduction of total transportation demand through clustered de-
velopment. The public transit systems will be expected to increase
ridership significantly, particularly in peak hours for work trips, and
to provide access to transportation for the disadvantaged. In the in-
terest of labor, equipment and energy efficiency, some transit operators
can be expected to make a relatively modest, but none the less costly,
shift to electrification and automation to boost the productivity of
buses. Regional land use planners will be interested in using auto-
mated systems as a tool to direct new developments toward more
economic patterns of land use.
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The 2lst century seems likely to bring a period of major shift
from an oil based urban transportation system to one dependent again
on electricity. There could, but not necessarily would, be a shift
of equal magnitude in modal split between private and public transit.
Urban form could change drastically. Life styles, the mechanics of
earning a living and personal value systems could undergo changes as
radical as were expemenced in the last century’s shift from horse and
electricity to oil. I t is futile to speculate on the exact nature of such
changes, but automated transit systems may well become primary
elements of urban transportation. Beyond that assertion, one can only
see that the nature of such systems will be geared to the unpredictable
human needs and urban form of that time. Current resumptions

Rthat such systems must inevitably be of the pure P T type are
based on a debatable determination that this is the ideal response to
the needs, values and urban form of today, which is not a very reliable
guide for the future.

It maybe well to heed the lessons of natural evolution which indicate
that creatures with. the generalized capacity to adapt to a wide range
of unpredictable circumstances tend to survive over those not so
gifted. Applied to transit technology, it would seem wiser to assume
at this time that all possible automated systems types have potentially
valid urban application on their own merits and are not simpIy steps

rto PRT. This is an issue of overall importance to the socia accept-
ability of automated guideway transit to da as well as its utility in
the future. So long as t e “all roads lead to P T“ psychology prevails,
there will be extreme reluctance to make major capital investment in
near-term available automated transit that may shortly be “out-
dated.” This concern, coupled with the doubtful public acceptability
of fine-gnd aerial PRT guideway networks in residential areas may
cause local commumties to drop consideration of automation alto-
gether. This would be unfortunate, because simpler automated systems
could play an important role in meeting the needs of those communities
in the next few years.

Public and “expert” percetion of the problem must be turned from
the oversold long-term need or an alternative to the automobile to the
more prosaic but urgent need to make existing bus and rail systems,
as well as the auto, more productive. Discussion and utilization of auto-
mated guideway transit can then proceed on a more realistic basis to
meet the needs of today and provide sufficient experience to guide the
planning for using automation in the future.

Public acceptance is seldom clearly traceable to calm reasoning.
Opinions about the influence of major transportation improvements on
the quality of life are not necessarily formed from orderly inter~reta-
tion of fact. Broad community education and involvement is re-
quired before the oinions of incident groups will include an under-

Ystanding, for examp e, of economic costs and benefits.
Acceptability in the short term is a function of clearly perceived

immediate advantages to the individual. The public consensus, such as
may evolve, will be an integration of many narrow viewpoints; the ad-
vanta es to the broader society of environmental protections sought by
specia interest groups, for example, are generally only recognized with
hindsight.

One source of information on public acceptance of new systems is
the continuing Bay Area Rapid Transit (BART) Impact Study.
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Early evaluations were reported at the annual Transportation Re-
search Board conference in January 1975.1 Apparent from the study
is a time lag between building the system and feeling its effects: very
few clear impacts are yet traceable to BART, probably because of
the size of the region involved. Certainly, many people ride the system
and alternative modes of public transportation have in some cases
lost patronage. Effects other than those on the total transportation
systems’ modal split, however, are less obvious at this early date.
Impacts that were predicted, both positive and negative, have not
yet materialized. This may be due partly to community accommo-
dations, partly to imprecise techniques for stating and measuring
probable Impacts, both by planners and lay citizens.

National interests center on issues of federal involvement in research,
development and demonstration of new systems and probable heavy
Federal funding of local systems. AGT systems are of national interest
because of their potential for contributing to a better balanced urban
transportation system and increasing the productivity of money and
energy used in transportation. National interests in environmental
improvement and improved transit for the disadvantaged are also
important considerations. Further, there is national interest in the
economic consequences of developing a new AGT industry. The po-
tential of both domestic and foreign markets for U.S. AGT systems
and competition for U.S. markets from foreign suppliers is a significant
matter of national policy.

Hence, the questions of encouraging or discouraging automated
transit technology touch both immediate, individual interests and
national interests. Both ends of the spectrum deserve much more
careful thought on the part of those who make transit decisions. In
particular, ways and means have to be found to ready existing insti-
tutions to make the chosen transportation improvements work.

Finally, the panel noted the considerable (if not overriding) influence
state and local government wields over transportation decisions.
State governments have major transportation responsibilities. They
can be expected to be concerned about costs. The rise in the cost of
urban road building and maintenance creates interest at the state
level in automated urban systems; so does the lack of public acceptance
of new highways. The states usually have a responsibility for environ-
mental improvement as well as a concern for the economic health of
the state as a whole. The movement of goods is heavily regulated at
the state level as is traffic and public safety.

State governments are the ultimate source of the powers delegated
to local governments. Structuring metropolitan agencies to make
them capable of handling regional problems in a coordinated fashion
is a tremendous challenge, particularly in the field of transportation
where jurisdictions are typically fragmented and in competition for
ever scarcer transportation funds. Extensive reliance on automated
transit to meet a significant portion of urban trips would likely require
much greater coordination and more centralized authority than is now
typical . creating and funding effective, accountable, and responsive
metropolitan agencies to handle transportation and land use problems
is the most serious challenge facing state governments, and one that is
critical to the future of automated transit.

1 1lA  Review of some Anticipated and Observed Impacts of the Bay Ar08  Rapid Tra~ft  s~tem~”
R. Ellis (PMM&CO,),  TRB Annual Meeting Conference  s~ion,  Januai  y 13, 1975.



Chapter 2: Interest Groups and Their Concerns

Assessment of the social acceptability of automated guideway transit
systems must proceed from an understanding of the needs and con-
cerns of groups of people, all of whom have a role to play in the local
decision making process. The panel selected a short list representing
the incident society, whose concerns will govern the “acceptability”
of AGT plans and subsequent implementation. The following brief
summary of these stakeholders and their interests highlights some of
the most important considerations.

T RANSIT U S E R S

As a group, users can be expected to be concerned mainly about
reliability, safety, total trip time, comfort, noise, convenience and
accessibility, availability and frequency of service, personal security,
out-of-pocket cost, and ease of transfer to and from other modes of
travel. Users have a large stake in the question of how soon transit
can be significantly improved and how extensive systems will be.

PERSONAL TRANSPORTATION COSTS

Many users and potential users, particularly commuters, have a
serious and urgent interest in reducing personal overall transportation
costs by reducing the need for a second car.

PASSEN(3ER INFORMATION

An important and frequently overlooked concern of the user and
would-be user is the need for information about how to use the transit
system. Ready access to complete and specific information about the
system poses a challenge to managers in all forms of transit. Not only
must information be available in stations and bus shelters, it must be
available in the home where most decisions on mode are made. Public
awareness campaigns comparable to existing driver education pro-
grams are needed.

THE ECONOMICALLY DISADVANTA(3ED

The stake in the potential of automated guideway transit is perhaps
greatest for those disadvantaged by lack of access to private autos,
especially in communities that are today essentially auto-dependent.
These groups comprise the bulk of present transit users and their
ranks will grow as more and more famdies are unable to afford private
transportation for all family members for all trips. Daily existence,
for this group, is tied to the adequacy of the public transit system.
Increasing the range of choice of jobs, housing, health care, educational
opportunity, shopping, recreational and cultural opportunities for
this group can be expected to be an important goal of regional trans-
portation planning. f t is possible that a great number of latent trans-
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it users could be found among the disadvantaged. They could easily
be overlooked in making patronage estimates, particularly for off-
peak travel; though they should be counted.

THE PHYSICALLY DISADVANTA(3ED

If automated systems are to be useful to the elderly, the very young
and the handicapped, design features that enable them to use the
system easily and safely are of paramount importance. Attendants
in stations may be necessary. These factors may add significantly to
operating and capital costs of automated systems.

PERSONAL SECURITY

Personal security is of critical concern to users. Transit crime is a
reality in non-automated systems; it poses even greater problems in
automated ones. Concern for security must be an Important aspect of
design for all types of automated systems. Adequate remote surveil-
lance, good communication and prompt response to incidents may add
significantly to labor costs of automated systems. And labor costs may
increase proportionately as the size of vehicles is reduced and the num-
ber of vehicles and stations increases. 1 Efforts to enhance security
must recognize that dangers perceived by the user may not correspond
with actual danger. The user must not only be secure, but feel secure.
The security problem may be especially acute for small vehicles fea-
turing shared rides where there is neither the safety in numbers char-
acteristic of medium and large vehicles of the group rapid transit and
shuttle types, or the privacy of true PRT.

RELIABILITY

Reliability is another critical measure of user acceptability. Relia-
bility of an automated system should be based upon a standard,
relevant to the consumer, such as: the passenger should not have to
experience a significant delay (30 minutes or more) more often than
once in 100 trips.

PEDESTRIAN SUPPORT

In general, users can currently be expected to walk about 1/4 of a
mile.2 This, of course, presumes adequately constructed and main-
tained pedestrian access—a cost factor frequently overlooked because
it falls outside the jurisdiction of transit operating agencies. 1t is
possible that if auto usage becomes severely curtailed, longer walking
distances will be more acceptable.

TRANSFERS AND INTERMEDIATE STOPS

A major continuing theoretical discussion, relative to acceptability
by the user, centers on the events of transfers and interxnediate stops
vs. origin-destination service. Transfers have a bad name. This is

I Preliminary Draft Study Report of the Twin Cities SVS, DeLeuw-Cather  and Co., Inc. et al, Report No.
7543 January 1975.

s This, and other characteristics of Transit Users as a class. have been extmwively  rewrted  and reviewed,
e.g.,

. -

“User Detenn.ined  Attributes of Ideal Transportation SystmnS,”  Department of Business Adrniniatration,
University of Maryland, June 1966.

“Technol~  Assessment O/ Pe~nal  Rapir3 Tr~t S~eme,”  The ~TRE  Corporation, MTR 6664,
January 1975,
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quite understandable since transfers on the present bus service fre-
quently involve long waits unexposed locations. One response to this
problem is to attempt to develop a transit system which carries a
passenger from origin to destination on a single vehicle, preferably on
a personal basis without intermediate stops. Such an attempt may
well exceed public need or expectation and, since it is technically
difficult and very expensive to achieve, deserves some re-examination.
Studies in Denver indicate that the negative environmental impact
of guideway interchanges significantly outweighs the marginal pa-
tronage advantage achieved by eliminating transfers.3

Investigation may show that what is really important to those
currently depending on autos and pressed by increasing auto costs is
safe, reliable, frequent service to multiple destination in a reasonable
period of time. Transfers that can be accomplished quickly in a climate
controlled, secure location may be quite acceptable. If transfer points
are laced with opportunities to turn single-purpose trips into multi-
purpose ones, so much the better.

Using the station clustering concept—carrying groups of passengers
from a cluster of origin stations to a cluster of common estimation
stations—the few intermediate stops involved may not add signi-
ficantly to total trip time. It is possible that this will suffice for
“personalizing” service as far as passengers are concerned.

Adoption of these points of view has considerable implication for
the near-term utilization of AGT systems. Currently available
technology  for loop and shuttle systems and medium and large
vehicle G RT could probably do an acceptable job in many urban
applications. It would no longer be necessary to choose a single
vehicle for a system. A regional transit system could be composed of
a mixture of AGT systems, each geared to the needs of the area
or function it serves. Those beleaguered citizens seeking to replace
a planned freeway or reduce its scale with an AGT suitable for
coridor service could be satisfied as could those needing a smaller
vehicle system to serve a university community with a different set
of problems.

Attempting to provide no-transfer non-stop service for an entire
region puts all generic types of AGT under severe technological and
economic stress. As suggested above, it may not be all that important
to the user. Certainly further consideration of true public need and
preference is desirable. Such consideration should be based on some
real urban experience with AGT.

rRegional p arming agencies, committed to development strategies
which encourage living, working and shopping within a single compact
subregion, will probably place a premium on short trip transit service.
Provision of transfer-free region-wide service would work against
short trips.

STANDEES VERSUS SEATED PASSEN(3ERS

Recent improvements to the interior design, and the resultant
comfort levels, of bus and rail transit vehicles are assumed for AGT.
One particular aspect of AGT vehicle design with broad acceptability
and system design implications is the question of standing passengers.
A great many technical problems hang on the issue of whether standees
should be allowed.

$ "Alternatives Analysis Report,” Denver Alternative Analyais Study, Denver RTD, April 1975.
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Seated, and preferably restrained, passengers would vastly improve
safety and comfort features of small vehicles operating at very short
headways. Such a requirement has two serious drawbacks. One:
requiring passengers to be seated reduces operating flexibility in
coping with unanticipated increases in demand on a localized basis
and could result in a significant increase in waiting time. Two: a

policy requiring seated passengers could be very difficult to enforce.
Even low ceilings are not a complete answer because they would not

affect young children, Controlling the exact number of passengers
entering a vehicle is complicated and expensive for group-ride vehicles.
Interlock systems for passenger restraints could cause serious delays
in stations. On the other hand, public cooperation may prove easier
to achieve with an entirely new mode than has been the case with
the auto.

The standing vs. seated question has relevance to acceptability
beyond the technological aspects of achieving safety and comfort. If
it is presumed that people will not shift from autos to transit unless
guaranteed a seat, that presumption should be retested. Studies done a
few years ago in an era of higher auto availability and cheap gasoline
are apt to be misleading for today in trying to answer this question,
and others, Such evidence as exists from current transit usage indicates
that standing for short trips or short portions of long trips at peak
hours is quite acceptable. An exception would be the elderly, but most
travel by the elderly is probably during off-peak periods when seating
is not a problem.

If the shift from auto to transit is based on an attempt to reduce
personal transportation costs, being seated is not likely to be nearly

tso important as trip time, reliability, and frequency o service. Auto
owners’ recent willingness to relinquish automobile comfort and safety
features in favor of better mileage and lower capital cost has important

fimplications for this and other operational characteristics o AGT.

O P E R A T I N G  A G E N C I E S

Operators originally developed an interest in automated transit in
Ethe ope of increasing the productivity of labor. Now, in the face of

community demand for an expanded role and level of service for
transit, the concern for reducing marginal cost is even greater.

Rehability of automated systems is perhaps the most important
issue to operators. Automated systems that require an army of highly
skilled maintenance workers for both preventive maintenance and
restoration of breakdowns represent a risk that few operators are
likely to be willing to take. At the present time, it ap ears that the

1’risk of high expense for maintenance increases as vehic es get smaller
and more numerous, and headways become shorter.

Safety is an important issue to operators. Today’s safet~r standards
dictate that there be sufficient headway between vehicles to allow for
safe stopping distance without collision. Operators have to be con-
cerned that any change in that policy to allow ‘<soft” crashes (as may
well be necessary to achieve adequate system capacity on the smaller
vehicle systems) poses serious questions of public acceptability and
potentially high insurance costs. The popular solution is to require
that all passengers be seated and restrained. As stated previously, this
could reduce flexibility in system capacity and add additional costs for
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passenger management. The panel noted that a major reason airline
cabin personnel are required is to insure passengers are buckled in
seats and trays are upright during take-off and landing. Another area
of potentia!l~r high labor cost with automated systems is that of per-
sonal security~~, Responding promptly to emergencies is an important
key to security. It is probable that the cost of that response is tied
directly to the number of vehicles and stations.

It has been assllmed that the development of automated fare
collection systems and superior methods for informing and managing
passengers would eliminate the need for attendants in stations. It is
possible, however, that the interaction of patrons and the system is
more complex than realized. At this time, operators will probably
have to assume that stations must be manned, especially in high
crime are~s, until it is proven unnecessar~-. This represents another
potential cost to operators, one that is directly related to the number
of stations involved and the number of hours of daily operation.

The panel was asked to examine the impact of providing free transit
on automated s~-stems. A few examples of no-fare transit systems have
been in continuous operation for a number of years. These include the
service at Colonial Williamsburg, which operates in a continuous
one-way loop from the visitor center, and the M&O subway in Fort
Worth, Texas which although primarily intended to serve shoppers,
has developed a significant commuter load. These systems, however,
are relativel~” limited in size and scope.

No-fare systems also operate on a number of college campuses and
into the surrounding areas. One such system, at Kent State University
(Kent, Ohio), has all the characteristics of a conventional bus system,
with a number of routes, and seven day per week operation. Ridership
is limited to students, faculty, and employees of the university, and
is financed through a levy on riders,

Fare boxes, particularly the registering type, have proved to be
a persistent maintenance problem on buses, and a common source of
road calls. By definition, a no-fare system eliminates the need for a
transit company to handle cash, and no monitoring of assengers is

rrequired b~” the operator, except where ridership is imited to a
specific group of users.

The impact of a no-fare system on ridership is difficult to estimate.
It is possible that ridership will not increase significantly at peak
times, since there is evidence that peak-period riders tend to select
their transportation on the basis of convenience rather than cost.
I.arger increases in ridership are to be expected at off-peak times,
when cost is a more critical factor than convenience. This minimal
experience (in addition to the example of elevators in buildings and
the majority of operating automated systems in airports) points to
a no-fare policy being acceptable when: (1) The system serves special
interest groups or enhances a commercial enterprise, (2) there is no
reasonable alternative mode, (s) the typical trip is short, frequent,
and many-to-many, (4) handling money, operating and maintaining
fare box equipment, and the associated security problems outweigh
the value of the revenue, and (5) the operators’ expenses are offset
by other economic advantages, which is not likely to be the case with
urban systems.

i’!-:ji( ( ) - 7- - ~ ;
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Beyond the questions of labor costs, reliability and safety, opera-
tors have to consider capacity, patronage, revenues and energy
requirements. Effectively coordinating automated transit service
with other public systems and private transportation is important.
Operating flexibility and the ability of the system to expand are of
serious concern. Operators must consider staging strategy for capital
investment. They must also consider development costs, a significant
item even for so-called ‘(existing” technology. The are anxious to
reduce technological and acceptance risks and 100 to the federal
government for help in this area as well as capital funding, especially
those considering "first” applications of new technology.4

For the long run, operators have to consider how systems they might
install in the near future can gracefully adapt to new technological
developments. They have to consider the possibility that public
transit will one day be the most dominant element in urban trans orta-

Ytion and perhaps the only element along with walking, within se ected
urban settings.

THE COMMUN ITY AND THE GENERAL PUBLIC

At the community level, the interests of all the stakeholder groups
come together in the local decision-making process. The lack of sohd
information about the technological feasibihty, capital and operating
cost, social and environmental impact and public acceptance of auto-
mated systems makes that process very difficult. It must be em-
phasized that balancing all of the interests involved would be a diffi-
cult political task, even if good information existed. Communities
are considering a major shift in travel behavior when they examine
transit options. Depending on the option chosen transportation costs
could shift from the private to the public sector, as education costs
did decades a o. Certainly, this would be the case with extensive
deployment of automated systems. The complex impact of such
shifts cannot be overestimated and it should not be surprising if com-
munities are hesitant to make quick decisions. People want assurance
that automated systems will solve more problems than they create.

The following is simply a sample of community concerns about the
possible consequences of automated transit. These must not only be
Identified, but also weighed against one another in any assessment of
AGT. ●

● Impact on achieving compliance with air quality and noise
level standards.

. Impact on regional energy consumption and conservation.

. Impact on present land use and property values.

. Impact on the pattern and extent of future development.

. Impact on existin
7

and future road systems.
. Impact on regiona economic growth.
● Impact on personal m!bility and op ortunity.
. Impact on citizen

r
tartlcipation in ur an planning.

. Impact on regiona bonded indebtedness. 6

● Impact on local and state taxes.

4 uestions Of Multi-modality and Incremental planning were central to the item of a Nent UMTA/
%TR workshop: see “O ning Remarks by C. Kenneth Omki, before the Conference on Evaluation of

PUrban Transportation A ternatives Airlie House, Warrenton, Virginia, February 24, 1975”.
t ~~The Au~mated Small VeMcle ‘Fixed ~ufdeway Study,” (P. *). A Report to the 1975 bisktue ‘f

the Stab of Minnesota, Metropolitan council of the T~n ci~le.s Areat April 1975,
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Individuals who choose not to use automated transit will neverthe-
less face higher transportation costs in the form of increased taxation
to pay for the system since it cannot be assumed at this time that
either capital or operating costs will be met by revenues. It is possible
that if installation of automated transit is accompanied by economic
penalties or disincentives for auto usage, costs for this group will
climb even higher. Resentment and opposition from this majority
group could be a serious acceptability problem, particularly if transit
is viewed as a ‘(welfare” program.

The unserved public can be expected to pressure for expansion of
service, just as is now the case with bus service. Such expansion maybe
uneconomic or out of phase with system implamentation strategy and

rsevere political and economic problems cou d result.
The general public can expect to share in any general community

benefits such as lessened auto congestion and environmental enhance-
ment. Residents of the central city and those in the suburbs do not
necessarily agree on just what are the transit “problems”. The con-
firmed automobile driver has been characterized as looking to public
transportation to bring about a return to the uncontested roads of an
earlier privileged era. This attitude (if it ever reflected a significant
percentage of auto drivers) is no doubt losing ground as the perceived
cost of driving a private car increases. An operating agency, however,
can hardly expect support in financing large capital costs solely on the

$
expectation of long term community benefits.

Proposals for major capital investment in automated transit, what-
ever its virtues, must compete with other capital needs in the com-

[munity. The Metro Council in the Twin Cities as indicated its support
for low capital transit alternatives, basing its case heavily on pro-
tection of the regional credit rating.

LABOR

Labor groups can be expected to view the prospect of automated
guideway transit in terms of jobs. In general, automation will be
viewed as a positive step if it both increases the productivity of labor
and enhances job opportunity. Labor groups can be expected to take
a strong political role both locally and nationally in transit decision
making and the thrust of their efforts will be related to how much
consideration is given their interests in the local planning process.

lTransit operatmg unions are interested in the potentia of auto-
mation for increasing the role of public transit in urban areas and
therefore expandin

Y
job opportunities. These unions prefer that

institutional contro of re~onal transit be unified. They also feel
that more imaginative approaches to management and labor relations
are needed to cope with the complexity automation will bring. They
are especially interested in the safety, reliability and personal securit

raspects of AGT as well as improved fare collection systems for a 1
elements of transit. These groups have an interest in promotion of
equality of mobility for all, and m seeing transit become a completely
tax-supported public service available to all without charge, a position
which may or may not be altruistically motivated.
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Others unions can be expected to have an interest in the potential
of automated systems to provide new job o opportunities in the con-

Rstruction and fabrication fields. Unions wit a major stake in the
auto industry may consider the boost AGT could give to public
transit as both an opportunity and a threat,

L A N D O W N E R S  A N D  D E S T I N A T I O N  G R O U P S

The possible impact of automated s stems on patterns of urban
1development and re-development is t e principal concern of real

estate interests. Its potential effect on the abatement of sprawl and
on the clustering of development around stations and in major activ-
ity centers will be acceptable or unacceptable to landowners depend-
ing on whether they stand to lose or gain. The timing and extent of
deployment and its impact on road building will be of concern to
this group as will be the manner of assessing costs. The impact on
parking needs is important. It could be expected that “downtown”
interests might be in continuous conflict with those in more dispersed
locations on the question of the extent and type of deployment of
automated systems.

Employers, retailers, and purveyors of professional services have
a large stake in transit improvement as have recreational, cultural
and educational institutions. They be can expected to take a strong

kinterest m levels of service, extent of networ s, location of stutions,
comparability with other modes and the timing of deployment. Some
in this classification are heavy community taxpayers and will be very
concerned about costs. The extent of concentration or dispersion of
the facilities these groups control within the urban area wdl greatly
influence the type of automated system chosen, if any.



Chapter 3: Impact on the Neighborhood

Predicting, interpreting and communicating the impact that AGT
systems will have on the environment and neighborhood is a major
challenge. Jerome Lutin put this aspect of AGT development into
context as follows: ~

“Research in urban planning and physical design for PRT systems
has lagged far behind that of a more purely technological nature. This
is indeed unfortunate, for architects and urban planners have a
unique opportunity to predict and plan for long-term urban growth
by utilizing an innovative form of transportation as a determinant
for the placement of activities. Although many of the technical prob-
lems of PRT have yet to be resolved, the physical and performance
parameters are known. By relating these parameters to the attainment
of goals for structuring future urban society, it may be possible to
achieve an orderly progression to future forms of urban development.
Present conflicts between transportation systems and urban form
may be eliminated, and future conflicts prevented. Clearly, there is a
need to involve the planning and design professions more closely in
the development of PRT. Such an involvement should not merely be
that of mediating the effects of systems which constitute an imposition
on urban life, nor should it be one of applying superficial cosmetics.
The inquiry of the design professions should be addressed to a much
more fundamental issue, that of fitting the system to the needs and
aspirations of society, and bringing together all the elements in a
unified physical form. ”

Recent studies in the Twin Cities and Denver indicate that well
designed aerial guideways are probably acceptable in major trans-
portation corridors (highway or rail), along purely commercial
arterials, and in areas subject to redevelopment where an opportumty
exists to truly integrate guideways with new land uses. Aetual guide-
ways in the metropolitan centers (downtowns) of the Twin Cities
are unacceptable for aesthetic reasons, but there the opportunity
exists to use cut and cover techniques under pedestrian malls, in an
economical way.

In Denver, downtown aerial guideways are preferred to the dis-
ruptions inherent in underground installation.2 Acceptability in
residential areas, particularly the low-density, and suburban ones,
is a questionable proposition. The problem is deeper than aesthetics
and visual intrusion, important as those two factors are. Preservation
of personal privacy in the home and yard in the face of a stream of
prying eyes at second-story level is a serious matter. Concern for the
protection of the trees which canopy the streets, is another. Perhaps
the most important concern is for the stability of property values
and land use in the guideway path and the vicinity of stations. This
worry is closely followed by a well-founded concern that stations could
bring on an increase in auto traffic in affected neighborhoods, especially
if provision is made for park-and-ride.

1 IIA Method~@y for Integrating p RT Networks into the Urban Environment,” Jerome  ‘. ‘Utinj
PRT  II, University of Minnesota, 1974.

~ “Envi~~@al  Overview Report,” Denver Alternatives Analysis Study, Denver RTD, April 1975.
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All of these concerns are potentially as important as the similar set
that leads impacted neighborhoods to oppose freeways. It is important
to remember that in the Twin Cities (and probably elsewhere) the
life style inherent in this kind of housing which emphasizes privacy
and tranquility is prized above all other considerations including
transportation. It is possible that the positive features developed by
the urban design study team such as inear parks along guideways,
that themselves are confined to side streets, and integration of stations
into neighborhood shopping facilities, could improve acceptability,

\but no one is taking any bets. Experiences in t e Twin Cities and
Denver bring into question whether fine grid networks can be im le-

Ymen ted and raise some doubt about the eventual regional deployabi ity
of the smaller vehicle types of AGT that require such networks. It
ap ears that deplo ment will have to be limited to major corridors,

f iru ing out small ve icle systems in residential areas.
According to most proponents of personal rapid transit, the popular

concept of small vehicle automated systems is that they will function
best in a uniform gridded network. In such systems, particularly those
using one-way guideways, one finds a configuration which seeks to
provide a uruformly high level of accessibility to all sections of the
urban area. Many PRT advocates feel that ubi uitous service and

%coverage is the most important attribute of the RT conce t; that
zonly by providing service to the majority of dispersed trip en s in the

urban area can PRT be an effective transit competitor to the auto.
In many respects, PRT and auto networks share similar attributes.

Each expects small vehicles with low vehicle occupancy. Each func-
tions best on a guideway system with relatively even spacing. Neither
favors on-line stations, and both seem to have low tolerances for con-
gestion. The similarity between PRT and the auto is a conscious effort
to emulate the most “successful” transport mode history has ever
seen. Yet how far should this similarity go? By replacing autos with a
transit system so similar in operating characteristics we run the risk of
propagating many of the adverse impacts of the system we seek to
dis lace, including the low load factor typical of autos.

8 y attempting to create a uniform level of accessibility throughout
the urban area, the PRT planner allows, and in fact encourages,
activities to be dispersed throughout the urban area. At the same time,
the guideway system like the auto will encourage a uniform distribu-
tion of po ulation and activity density throughout the area. In both

$auto and RT systems, this is the logical consequence of networks
which attempt to minimize congestion by adding links, and thus, as a
consequence, foster urban sprawl.

Before one advocates a transit network whose form guarantees the
continuation of the present urban form, one must examme the factors
which underly the creation of that form. Contemporary low-density
cities may not be the reflection of consumer preference as to house
type and location, neighborhood references, and travel desires. A

{more diverse range of choice may e in order. Even if cities were the
exact sum of all appropriate consumer preferences, can we assume that
these preferences are an adequate statement of human desires? The
main point of this argument is that one should not begin planning
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PRT systems with assumptions about gridded networks or uniform
population densities, at least, not without careful testing of those
assumptions. 3

Demonstration and deployment of the larger GRT systems should
shed some light on guideway acceptance. P T advocates insist that
the less bulky guideways of small GRT and PRT systems will solve
the problem, but as indicated above, aesthetics is not the only issue,
and perhaps not the most important. The panel sees evidence that
neighborhoods will accept loss of personal convenience in driving and
even lowered response time for fire and police service in order to keep
traffic volumes down. They will go to court over even imagined
threats to land-use and property values. The potential for aerial
guideways to be accepted in residential neighborhoods is very low,
judging from reactions to similar intrusion.

It is important to note that unless neighborhood groups are included
in the regional transit planning process, the full dimensions of opposi-
tion to and support of AGT systems in residential areas is not likely
to surface until the environmental impact statement stage, It would be
well not to repeat this mistake, too frequently made in freeway
planning, The procedure tends to coalesce the opposition and leave
the support disorganized, regardless of the merits of the project.

The challenge of integrating an AGT guideway into the environ-
ment has been the subject of numerous papers. Among the more signifi-
cant is a study by Jerome Lutin 4 and a review by H. Riley of several
additional studies.5

q The four paragraphs above are the rationale behind and stimulus for an architectural design workshop
held at Princeton University reported in “Using PRT  to Shape Suburban ~rowth”,  Transportation Pro-
gram, Princeton University, 1974.

4 “A  Methodology f or Integrating p RT Networks into the Urban Environment,” Jerome M. Lutin,
PRT II, University of Minnesota, 1974,

6 14 The Assessment of \’isual Intrusion, ” H. Riley, Warwick University/Manchester Polytechnic, Urban
Transportation Research Group, Working Paper No. 17, August 1973.



Chapter 4: Conclusions of the Social Acceptability Panel

The Social Acceptability Panel reached the following conclusions
in its discussion about the direction of federal research, development
and demonstration programs in the field of automated transit,

(1) We suggest that the first order of business is the establishment
of specific sets of national and local goals on the role of transit in
urban transportation and its desired impact on urban form. The
focus, direction, and funding level of R, D&D should be based on
those goals. In the interest of public and private economy, provision
of mobility for the disadvantaged, oil conservation, environmental
improvement, and liveable urban form, transit must be given an
increased role, particularly in those metropolitan areas of moderate
size which are now almost totally dependent on automobiles. The
needs which arise out of national and local goals provide the basis
for the necessary R, D&D programs.

(2) Recent survevs by regional planning authorities  and by
Congressman W. Frenzel (R.-lIinn.) indicate that public interest
in investing in transit improvement, as opposed to other public needs,
is quite high. Public willingness to use existing transit, however, does
not appear to be assured. Transit ridership is declining in many
communities.

The major response to the gas shortage was a cut back in travel,
not a shift to transit. Some panel members felt strongly that even
the higher service levels possible with automated systems will not
attract increased patronage without strong government regulation
of auto use. Other members felt that the natural rise in auto costs
alone will ultimately have a significant impact on transit usage,
assuming high levels of service. In any case, the possibility that
annual costs for automated systems could be lower than operating
costs for bus systems justifies continued research and development
at least until the cost issues are settled.

(3) The panel does not, at this time, see any likelihood of regional
deployment of automated systems. There appears good reason, on
the other hand, to believe that the most likely deployment of auto-
mated systems will be in downtown and major activity centers. Some
corridor applications coulcl occur. Such applications, both d o w n t o w n
and corridor, will be for the purpose of increasing bus productivity}”,
allowing remote parking interception, improving air quality, pro-
moting clustered, mixed use development, and overcoming de-
ficiencies in highway and street capacity.

(4) Consideration of a national policy to increase transit usage a
significant amount carries with it the implication of far greater
investment of public funds to subsidize both operating and capital
costs. It is not likely that fare revenues in a given region will cover

6 A Mass Transit Survey hy the Comprehensive Planning Organization for San Diego Region’s Counci l

of Governments, Januarv  1975.
“1974 Attitude Survey;” memorandum to the Technology Advisory Committee from the Transportation

Staff of the Twin Cities Metropolitan Council, February 1975.
“Summary Report,” Denver Alternatives Analysis Study, Denver RTD, April 1975.
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system operating expenses, although some segments may more than
pay their way. Low out-of-pocket cost to the user appears to be
as essential as high level of service if transit is to attract new
riders and meet the needs of the disadvantaged. Unless the commit-
ment at all levels of government exists to provide the billions required
to develo ,

x
construct, and operate both the automated and non-

automated elements of effective transit systems in a significant
number of cities, there is little point in spending any money on
research and technolo ical development of automated transit.

f(5) The amount o money proposed by the Administration for
research in automated technology 1s far too small if the intent is to
provide new options for current problems.

(6) Time is of the essence. Automated transit cannot hope to be a
significant factor in near-term national energy, transportation and
environmental policy unless system de loyment in urban areas can

\begin within the next few }-ears. It must e remembered that planning,
fabrication and construction of local systems is itself a lengthy proc-
ess. That recess cannot even begin until technological feasibility

rand reliab e cost estimates are clearly established. A significantly
heavier investment than is now being made in development of low
technology AGT systems over, say, the next five years, coupled with
assurance of adequate capital and o crating funding concentrated in

!the next fifteen years, would give oth private industry and local
communities the kind of fiscal assurance necessary to undertake the
massive job of alterin

Y
travel behavior. If this cannot be agreed, it

should be stated clear y that automation is not considered a viable
option for meetin

Y
transit needs for the remainder of the Xlth

century—that loca communities will have to concentrate on other
means.

(7) In addition to an increase in research and development funding
and assurance of adequate ca ital and o crating funds based on a

?clear national policy for AG , Ythe Socia Acceptability Panel feels
that Congress needs to give more direction to research efforts it sup-
ports. To date, efforts have failed to yield market-ready systems,
primarily because the research has not provided sufficient answers to
establish the necessary levels of confidence about technological
feasibility, reasonable and predictable costs, and social acceptabdity
and impact for urban decision-makers. VVe reject uMTA’s contention
that the technology for Shuttle-Loop Transit and medium-to-lar e

!vehicle GRT is “here” today and that the bulk of currently availab e
research money should be spent at this time on the small vehicle
GRT type commonly called HPPRT. It is our opinion that this
approach is not based on an assessment of near term need by local
communities and will unnecessarily delay implementation of auto-
mated systems. Current local studies imply that simpler and more
nearly available systems can do an adequate and even su erior job

Fwith much less risk of acceptability. It would be very help U1 from a
social acceptance viewpoint if policy direction clearly favored the
regional im lamentation in this century in a number of urban areas

cl’of SLT an GRT systems operating at headways which allow safe
sto ping distance without collision and can achieve adequate capacity

twit out deployment of fine grid aerial guideways. If such systems are
supplemented with strong and innovative programs for feeder and
express bus and all forms of para-transit, the transit needs of many
communities can probably be met. under such a policy, research funds
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should be primarily devoted to the list of AGT programs directed at
improving reliability and safety proposed by UMTA and heavily
supplemented by urban demonstration projects aimed at problems of
social engineering, guideway acceptability and costs, proper integra-
tion with other transit modes, and land-use controls.

It is our belief that this approach for transit research is the most
consistent with the broader goals of improving the productivity of
existing transportation resources, meeting the established standards
for air quality and noise levels, beginning the transition from oil as a
transportation fuel, and providing adequate mobility for urban
populations. We believe a new focus for AGT research is also a neces-
sary step in determining the role and form of public transit for the
21st century. Specifically, it is necessary for determining the need,
impact and acceptability of regional application of PRT.

(8) An understanding of the thinking of comprehensive regional
planners about the urban form of the future is basic to determining
regional transit needs in the future. One approach being suggested,
most notably in the Twin Cities and Denver, is that, in the interest
of public economy and reduction of the anxiety of urban life, more
individuals should be enabled to live, work, shop and meet most
daily needs within fairly small subregions.7 Public transportation
investments and housing policies should be directed at encouraging
short trips, a broad mix of housing for all income groups, and clustered
industrial, commercial and high density residential development. This
approach is completely opposite from recent patterns which tend to
encourage long trips and dispersed development. Whether such a
shift on a significant scale is either possible or desirable will be the
subject of lively debate. Exactly what its implications are for public
transit, particularly automated transit, is not clear at this time.
Certainly adoption of a transportation and development policy which
encourages short trips would not be likely to lead to a transit system
which provides single vehicle origin to destination service over an
entire metropolitan area. Such a policy could favor that kind of service
on a local basis and provide it in a number of ways, including both
automated and non-automated modes, paratransit, and walking.
Requiring transfers to make longer regional trips would be a positive
strategy under such a policy. Traditional line-haul service would

E
probably not receive priority for the most superior service. Express
uses would probably be used extensively for line-haul to major activity

centers wherever freeways are available to accommodate them. Under
this sort of planning, automated transit could play a useful role in
circulation systems for activity centers and downtowns and in pro-
vldmg local service within subregions. It could also provide line-
haul service, particularly in areas where freeways are not yet built
or are seriously deficient in capacity.

It is the consensus of this panel that the concept of favoring the
short trip and clustered development has merit, although there is
doubt it can be successful if the constraints on regional travel are
applied only to transit. We also feel the short trip concept drastically
eases the strain on technological development of automated transit.
Creating compact systems to serve a particular area or purpose

7 “Metropoutan  Transport@ion  Development @-dde  pOliCY  plan,”
Ci~\w  Area, as revised March 1975.

Metropolitan Council of the Twin

ummary Report,” Denver Alternatives Analysis Study, Denver RTD, April 1975.
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without having to interconnect them physically would obviously
make all phases of operation easier and probably much less expensive.

(9) We question the wisdom of anticipating extensive regional
implementation of HPPRT or PRT. Local studies in Denver and the
Twin Cities have shown that extensive deployment of aerial guide-
ways and stations is probably unacceptable in most residential, and
some downtown, areas. Requiring that all passengers be seated would

Ebe a drawback. Such systems may require igh expenditures for labor
for preventive maintenance, breakdown response and security forces,
thereby negating one of the principal reasons for automation. 1t
appears at this time that both the high order of reliability required
and the extensive guideway needed will be very costly.

The personalized non-stop service provided by these systems can
probably be handled adequately at lower cost in the near future by
para-transit, innovative use of taxis, and specialized services. We do
not feel that public transit is going to have to duplicate the level of
service offered by the auto in order to be successful in the next thirty
years. The rise in auto costs will in and of itself lower public demand
for luxury service. The general rise in the cost of public services,
which is outstripping the growth of public resources, will dictate
economy. 1t does not seem reasonable that the ublic will be able

rto bear the cost of what amounts to a double set o roadways—one for
PRT plus the existing one for conventional vehicles. The emphasis
on encouraging short trips and clustered development could answer
the need for PRT levels of service.

(10) We particularly question the utility of HPPRT from a social
acceptability oint of view. It seems to offer the greatest likelihood

{of serious pro lems of personal security of all the automated types
because of the high probability of forced shared rides with one or a
few strangers.

Simulation in the Twin Cities and Denver studies indicated that
small group service even to and from a cluster of stations involves
significant longer waiting time than either scheduled GRT service

kor true PR . A number of studies have shown that waiting is the most
irritating aspect of transit service to the user as well as the most
dangerous in terms of transit crime. Further, the weight of the HPPRT
eight to 12- passenger vehicle would seem to make the task of achieving

Treiable anx safe performance at very short headways much more
difficult than it would be for true PRT with a smaller, auto size
vehicle.

(11) Since the majority opinion of the Social Acceptability Panel
finds neither sufficient need for, nor public acceptance of, hi~h tech-
nology, area-wide small vehicle systems at this time, we suggest that
such systems receive less research priority unless funds are virtually
unlimited, Should this class of AGT later become more viable, it will
have done so in large degree from urban experience gained with simpler
technology, and from any deficiencies found in experiments with
systems favoring short tri s. The funding and program proposed for

~HPPRT is not unreasona le when viewed as long term preparatory
research. To spend limited research funds on HPPRT instead of taking
steps to meet real current needs with lower technology seems
unreasonable.
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(12) There are a number of reasons why urban demonstration of
AGT system prototypes should be considered as much a part of a
research program as test track technological developments:

●

●

●

●

●

●

●

●

●

●

●

●

How well the system serves actual passengers must be explored
for a wide range of operational problems.
The full scale impact of stations needs to be assessed in a
variety of settings.
Land-use controls along the guideway and near stations need
to be developed and effectively demonstrated.
The opportunity to integrate stations and guideways properly
into redevelopment projects and new development needs to be
explored.
The impact of AGT service on auto congestion and parking in
activity: centers and near stations needs to be determined.
The ability~ to move goods, of all kinds, needs to be developed
for AGT systems and demonstrated in an urban setting.
The extent to which the system can accommodate needs of the
young, the elderly and the handicapped economically needs to
be determined so that communities can judge what supple-
mentary specialized services will be required.
The true labor cost of AGT needs to be established for mainte-
nance, security, station management, controls, and other
functions.
Work needs to be done on the coordination of AGT with other
modes: buses, rail systems, para-transit, private autos, taxis
and pedestrian systems.
The nature of psychological resistance to automation per se,
if  any, on the part of potential passengers needs to be evaluated.
The impact of AGT on housing choices of the poor needs to be
assessed. It is possible that land values in AGT service areas
could rise so high that pressures for redevelopment would push
the poor out of. the area and defeat the basic goal of improving
moblhty for this group.
The securitv risk of AGT in high crime areas needs to be
assessed as does the cost of vanda’i’ism.

This list is by no means complete, but its scope does indicate the
nature of important unknowns for automated systems that simply
cannot be handled on a test track or in simulation. Automated transit
cannot be considered market ready until such work is done.

Every effort should be made to do as much evaluation as possible
of social impacts of existing automated and near-automated systems.
This work will have to be supplemented by more urban demonstration
in the near future.

(13) A number of service features assumed for AGT systems could
be tested using conventional transit and para-transit including:

. The effect of saturating an area with high qualit~- demand
responsive service.

. The effect of transfer reduction and/or provision of climate
controlled transfer points.

. The effect of improved passenger information programs.
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(14) An important aspect of urban transit demonstration and

F
planning for transit improvement in general, that is frequently over-
ooked, is involving the community in the planning and allowing for

a multidisciplinary approach to design and impact assessment.
Transportation is not an isolated element, the exclusive realm of
technical experts, but a basic part of urban life. We urge that more
effort be made to involve local communities in helping to set priorities
for research.
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Summary

The primary purpose of the Operations and Technology Panel is
to determine the technological development requirements for the sys-
tems considered in the report-Shuttles and Loops, Group Rapid
Transit Systems, and Personal Rapid Transit. The fulfilling of this
purpose is relatively straightforward once the potential a placations

cand the operational service characteristics have been de lined. This
is not to say that the solutions to these technological requirements
will be easy or inexpensive to obtain but rather that the technology
cannot be separated from the social and economic considerations that
determine the applicability of these systems. The basic issues center
about the need and applicability of some of the concepts.

M A J O R  F I N D I N G S

The panel arrived at several major findings that reflect the view of
the entire panel.

The Group Rapid Transit Concept.—This concept is exemplified by
the moderate headway (15 sec. or more), intermediate-sized vehicle
(15 pass. or more) which can provide a technologically feasible and
useful transit service in the capacity range between buses and rail
rapid transit both in the line-haul mode of service and in the collec-
tion and distribution mode. Several of these group systems are in
prototype operation and the basic needs are to bring the full automa-
tion to operational status and for product improvement in terms of
reliability, performance, and cost and weight reduction of the vehicles
and guideway. A small-scale urban installation of an improved system
is absolutely necessary to establish design and performance standards,
cost data, and the size of the potential market. Because of the uncer-
tainty regarding the market and the substantial funding required for
final development and demonstration, it will not be possible for a
specific communit~- or organization to undertake such an effort without
federal financial assistance. Rather, the urban installation and produc-
tion engineering will require a mechanism by which the federal govern-
ment can provide partial funding for these activities. The technical
study and capital grant programs may be able to serve as a vehicle
for such funding. Details regarding the develo~ment requirements
for these systems are provided in the text of this report.

The Development of a Technological Baseline.—The Group Rapid
Transit Concept needs such a baseline which should be pursued
along with the initial staging of a federally owned test facility.
Such a baseline can provide technical data on performance, cost,
reliability, and safety characteristics which can be used to formulate
specifications for deployable s wtems; can aid in identifying and
examining the performance anc1 cost trade-offs; and can permit the
options in operational mode to be examined. The proposed UMTA
HPPRT program can be reoriented to provide this development to
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support and ~ermit ex ansion of initial simple de loyments of Group
f’ #Ra id Transit techno ogy as advocated under inding No. 1. The

HP$RT program with proper orientation can also provide the test
facility for continued development and testing of various automated
transit systems and their components. System-level improvements,
es ecially in automatic control performance and overall system

1’re iability, are essential if initial installations are to expand to a
meaningful role in urban transit.

In addition, a program should be pursued for the development of
critical components and subsystems common to all systems. This
activity can support the above effort and can be encompassed by the
Automated Guidewa

J
Technology program proposed by UMTA.

The Personal Rap” , Transit Conce t.—As defined in this study, the
Econcept a proximate most closely t e service provided by the auto-

mobile. l+’owever, the long-term development requirements, the eco-
nomic viability, the intensive nature of a fine grid network, and the
difficulty of introduction of such systems into an urban area resulted in
skepticism on the part of the panel regarding the eventual develop-
ment of these systems. However, the placing of major constraints upon
automobile use in urban areas may provide an incentive for the de-
velopment of these and other automated systems. The majority of the

~
anel feels that the case for or against the Personal Rapid Transit
ystems has not been adequately established and limited funding is

justified to more fully clarify the advantages and disadvantages of
this concept. One of the panel members feels that there are no con-
ceivable conditions under which this conce t would find a significant
role in transportation and recommends no k &D funding for this con-
cept. Details are provided in the text.

Interaction by the Federal Government.—The Federal Government
should interact more strongly with transit authorities in urban areas
to consolidate and define the ublic transit needs of these areas in

torder to better determine the est methods of ap@ication for auto-
mated vehicle transit systems. This type of interaction is already pres-
ent to some degree in the categories of rail and bus transit systems.
It should be implemented even more vigorously with regard to auto-
mated vehicle systems so that an understanding can be obtained of
the most economic spectrum of modes required to satisfy the real
needs of our urban communities.

C OMMON D EVELOPMENT R EQUIREMENTS

Regardless of the system considered, there are certain common rob-
?’lems which differ only in the degree of development required. hese

include:
Automation.-The development of fully automated transit systems

will require a substantial develo~ment effort directed toward improv-
ing the performance and reliabihty of certain critical subsystems and
~arameters. These include substantial improvements in the reliabil-
ity of the wayside and vehicle control systems, in communications
(especially between vehicle and wayside), and in the data processing
equipment. The development of software techniques to manage the
vehicle fleet are required and will probably be the pacing item in the
introduction of systems employing demand-actuated operation. In-
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sufficient attention has been devoted to the methods for managing
system failures and of introducing methods to keep the system
operational in the event of failure. Furthermore, the improvement of
methods of detecting or removing foreign objects on the guideway
which may affect safe operation is required.

As the headway$ are reduced, the complexity of the system and the
need for components and subsystems with improved performance and
accuracy is required, Specifically, a substantial reduction in headway
below 15 seconds will require Improved vehicle detection techniques,
faster responding equipment, increased accuracy in speed and position
control, and, eventually, the de~~elopment of a controlled deceleration
profile braking s~’stem.

l?eZiaWity.-The need to improve the reliability of automated guide-
way systems is beyond question. The development of better relia-
bility will require improved definition of the s~’~tem reliability goals
necessary for public acceptance of the system, Improvements to the
critical subsystems and components to reduce failure rates, and the
development of techniques to minimize the time to restore service in
the event of a failure.

There exists a need to establish a data bank on the reliability of
transit system components and to develop procedures and models
that permit a common basis for obtaining reasonably accurate
estimates of system reliability. Such procedures are necessary to
permit the development of reasonable specifications and to identify the
subsystems and components for which improvements in reliability
are cost effective.

Guideway Cost and Intrusion.-Since guideways represent a sub-
stantial portion (50~0 to 70~c) of the investment costs for all of these
automated systems and also a major obstacle to public acceptance, a
successful effort to reduce the cost and intrusiveness of the guideway
can have an immediate impact on the successful deployment of these
systems. Such an effort would require work on the design, materials,
fabrications, and methods for erection of such guideways, on the
minimum design requirements to meet ride qllality standards, on the
vehicle support and suspension technologies that produce the least
expensive and minimum size guideway, and on the techniques for ice
and snow removal and for passenger evacuation from a stranded
vehicle.

System Integration.—The development of reliable high performance
component or subs~wtem does not insure that this item will operate as
designed in a transit system unless the entire system design is care-
fully controlled with specific design objectives and with an under-
standing of the interactions between the various subsystems. This
process called system integration generally represents about 10~

o to
15~C of the system development and investment costs but is critical
to obtaining satisfactory performance of the transit system. The system
integration process requires that careful control be exercised over the
system design to insure that design goals are being met and that the
trade-offs in s~.stem performance are being examined. Such a process
requires constructing and exercising computer simulations of the
system and the extensive testing of the components and subsystems
individually and then in the system as a whole.
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Test Facility.—The well publicized failures of attempts to concur-
rently develop and implement a complex automated transit system are
indicative of the risk of attempting to bypass the prototype develo -

rment stage and of insufficient attention to carrying out a careful y
planned test program free of the demands of revenue operation. To
minimize these roblems and to provide a common basis for the de-

[velo~rnent of t ese systems, a federally owned and operated test
facihty is suggested; the facility being located at a permanent site to
permit long-term development and testing. Such a facility would be
available for:

. Testing critical aspects of system design.

. Estabhshing design and operational standards.
● Testing differing design approaches and components for

comparison with standards.
● Testing verification of integrated automatic control systems,

operational performance and reliability.
. Identifying and defining engineering trade-offs.
● Limited ~{check-out” of systems prior to urban deployment.

With proper reorientation, the HPPRT program can provide the
initial stage of such a facility. It will be necessary to include as a
design requirement for this facility the need to provide sufficient
flexibility to permit the testing and development of alternative sub-
systems and components either separately or together.

The development requirements for the systems considered are
given below:

1. tVLUttZe and Loop Systems,—Are essentially developed and avail-
able for limited operation in urban areas although the full potential
of these systems has not been explored or exploited for urban trans-
portation. The systems require product improvement and production
engineering, especially in reliability, prior to urban deployment. How-
ever, the lower level of sophistication and previous experience with
these systems suggest that these requirements do not pose a significant
technical risk.

2. Group Rapid Transit in the moderate headwuy jorm.-Can be
considered to be in the engineering development state, i.e., the
feasibility of the concept has been demonstrated but significant effort
is required to improve the product and to undertake production of
the system. The major development requirements are given in Chap-
ter 5 and include improvements in reliability especially of the auto-
mated control, computer software develo ment for managing the

fsystem, cost and weight reduction of vehic es and guideways, and of
methods for detecting or removing obstacles.

The initial requirements are related to the development of full
automation of the systems which requires two basic characteristics:
physical guidance of the vehicle and full control of the right-of-way.
Neither of these requirements are related to any specific uideway or

%vehicle support technology. In fact, the support and gui eway tech-
nologies require a closer examination of their impact on guideway
s]ze, cost, and on the needs for lateral guidance and switching to
define their applicability and potential.

3. Group Rapid Transit in the short headway form.—Currently under
development in the UMTA HPPRT Pro ram. The concept 1s based

Yupon the use of smaller vehicles and imp icitly smaller guldeways to
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reduce the intrusive nature of the guideways and to make them more
acceptable to the community. Operation at shorter headways should
permit line capacity growth and more frequent service to the diverse
destinations typical of urban travel and should result in increased
system patronage; the smaller vehicle requirement being the result
of increased frequency cf service and an increase in the number of
destinations. At peak demand periods, the system could be operated
in a scheduled manner with the smaller vehicles coupled into trains.
There exists, however, a considerable body of opinion that feels that
the economics of such systems may be unacceptable to the community
and that the increased service may be more apparent than real, i.e.,
that comparison of passenger travel times, for instance, a~ provided
by these systems or the longer headway Group Rapid Transit Systems
would be about equal. This opinion group feels that further develo -

rment of these systems requires clarification of “the potential app i-
cations’ ) and an examination of the ‘fsafety and economics. ”

As already discussed in Finding Number 2 the panel suggests that
the priorities of the HPPRT program be directed toward establishing
of a technological baseline with emphasis upon reducing system
capital and operating cost and upon increasing system reliability.
A long-term goal can be that of determining the extent to which the
state-of-the-art of Group Rapid Transit Systems can be advanced
while still adhering to the conventional safety standards.

Development of the advanced group concept will require a test
facility for integrated system protot~”pe testing with specific attention
to improving the responsiveness and accuracy of the longitudinal
control s)-stem and to the development of a controlled deceleration
braking system to replace the currently employed fixed force emer-
gency braking.

4. Personal Rapid Transit Systems.—Have been discussed previously.
The development requirements for these systems include establishing
the basic system requirements in terms of performance, cost, reli-
ability, service and development objectives. These requirements
include demonstrating the essential feasibility of the lon itudinal

fcontrol system for short headway operation and of the vehic e design
to permit controlled collisions.

In conclusion, the panel wishes again to emphasize that the tech-
nological requirements of a system cannot be separated from the
economic and social considerations and that the priorities in devel-
opment must be established by need. However, needs and require-
ments are often based upon available technology and are known to
change drastically with time. For these reasons, the priorities that
are established by identifiable and immediate needs should not be
so narrowly defined so as to preclude the capability to investigate
alternative procedures which may be needed to satisfy future require-
ments.



Chapter 1: Introduction

At the request of the Senate Appropriations Committee, the Office of
Technology Assessment (OTA) is examining the potential urban trans-
portation role ‘of small-to-moderate size vehicles that operate under
automatic control on exclusive guideways; these systems often being
misnomered as “PRT’s”. 1 The purpose of this assessment is to
determine if these systems can provide sufficiently improved service
and life cycle costs compared to conventional transit systems to
warrant continuing development, to identify- the development and
implementation requirements, and to establish the needs and priorities
for development.

To aid in this assessment, OTA formed several panels to consider
various aspects of these systems. One of these panels is concerned
with operations and technology. This report covers the work of that
panel.

The Operations and Technology (O & T) Panel in the conduct of
this work considered:

●

●

●

●

The potential urban applications of these systems as related to
the level of service offered to the passengers and to the opera-
tional modes available.
The capability of these systems to offer these services in com-
parison with current systems.
The development requirements and specific issues concerning
the development and implementation of these systems.
The priorities for development of these systems based upon.-
identifiable needs.

It is not possible to separate the technology requirements from the
social and economic aspects of these systems. As a result, the panel
was required to make judgments on the applicability of the systems
based upon social and economic considerations and then to apply
these judgments to the operational and technological requirements.
This report reflects the views of the panel members regarding all of
these considerations.

PANEL MEMBERSHIP AND PROCEDURES

The panel membership was chosen not only on the basis of technical
knowledge of the systems but also to reflect the viewpoint of different
interest groups—system suppliers, consultants, transit operating
agencies, and academics. The panel membership, their affiliation, and
a brief biographical note on each member are given in Appendix A.

The panel members performed this work for OTA over a period of
10 weeks while attending to their regular duties. The Chairman met
with individual panel members on several occasions and also dis-
cussed specific points b~~ telephone. Four of the panel members
attended the briefing by UMTA officials on January 31, 1975. The
full panel met only once for a two-da~’ session on February 18 and 19,
1975, to formulate and discuss the primary issues.

1 
The term “PRT” in this report is specifically reserved for the class of systems called

Personal Rapid Transit as defined in Chapter 3.

(365)



366

The panel’s initial efforts were devoted to classifying automated
guideway transit systems and to formulating a questionnaire to
solicit various viev~points regarding these systems. The classification
scheme is described in Chapter 3.

The questionnaire (Appendix B) was concerned with the principal
issue of whether the use of exclusive rights-of-way, automation, and
small-to-moderate sized vehicle transit systems can provide sufficient)’
improvecl service and life cycle costs compared to conventional transit
to warrant their continued development. The questionnaire was sent
to approximately’ 50 individuals and organizations. The responses
listed in Appenclix C are on file at the ()TA office in Washington, D.C,
No attempt has been made to correlate the various responses; ratl~w,
they were usec] by the individual panel members as an aid in assessing
the various viewpoints regarding the development of these automated
systems.

Further, various individuals with specific technical knowledge of
these systems were invited to participate in the discussions during the
February 18 meeting of the panel. These individuals and their affilia-
tion are given in Appendix D. The panel wishes to acknowledge the
contribution of these individuals to the work of the panel.

The meeting on February 19 was attended onl~’. by panel members.
The purpose of this meeting was to define the prlmary issues and to
formulate the views expressed in this report.

S Y S T E M  CL A S S I F I C A T I O N  A N D  M O D E S  O F  O P E R A T I O N

The automated guideway svstems were classified according to the
operational complexity’ (and, implicitl)’, technological complexity and
according to the vehicle occupancy: characteristics, i.e., whether the
vehicle is occupied by. multiple individuals or parties simultaneously
(as in a bus) or by. a single individual or related party (as in an auto-
mobile). This classification scheme (Table 1) is identical to the scheme
used by the other panels except that the technoloqy assessment
required the system characteristics to be more explicty~’ defined.
Further the Group Rapid Transit concept was separated into two
categories to reflect the differences in operational and technological
cornplexit~- between the two categories of the Group Rapid Transit
concept. system clescriptions are given in Table 1 ancl covered in
more detail in Chapter 3. In general, as the vehicles considered for
the various systems decrease in size, the service becomes more per-
sonalized and more complex to provide, especially in terms of the level
of automation.

The classification scheme does assume certain operational and serv-
ice characteristics and, implicitly, certain types of applications but it
does not assume specific technologies. For example, any of the systems
can use steel wheel-on-rail, rubber-tires, air-cushions, or magnetic
levitation. This is not to say that such considerations are not impor-
tant. The eventual capability of these system concepts to provide the
service expected at minimum cost will be strongly dependent upon the
technologies chosen for the various subsystems. It is incumbent upon
the system designer to examine the subsystem technologies available
and to choose these technologies to prowcle the best overall perform-
ance for the system.
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operation of these systems can be either scheduled or demand-
actuated. The schedule mode provides service over predetermined
routes following a predeterrrlinecl timetable with the passenger ex-
pected to time his arrival inlrnediatelJ’ prior to the vehicle arrival or
with the frequencl- of service being sufficiently high so that the
]Jassenger waiting ~ime is short. Demand-actuated o~)eration, on the
other hand, provides a space or vehicle to a passenger in response to
a specific request for service with the passenger waiting time being
(lepen(]ent llpon the availabilit~- of vehicles to that station. In the
multiple partjr occllpancj’ case, the waiting time is dependent upon the
availabilit~’ of a space aboard an approaching vehicle which can pro-
vide the necessar~- service.

The dependence of these operational mocles upon the various s~’stem
configurations possible is discussed below:

~huft/e.-This tJ-pe of s~’stem serves moderate traffic density
(several hundred passengers per hour) operating between two points
tvpica]l~’ separated b~ a few hundred feet to a large fraction of a
mile. A single vehicle or train is operated in both directions on the
gui(lewa~-. .Sometimes pairs of guicleways and vehicles are used to
increase capacit~- and reliability; a prime example being the Tampa
Airport Shuttle system. Service can be scheduled or partially demand-
act uated.

On-Line Stop.—The stations in this configuration are located so
that the vehicle stops on the main line. This configuration is best
suited to 1arge vehicles (e.g., 40 to 100 passengers) or trains of vehicles.
The vehicles generall~- operate in a scheduled mode and are typically
programmed to stop at ever)- station on the line or to operate in a
skip-stop mode (e.g., everl- other station or everj’ third station, etc.).
I.oading dwell times in combination with time allocations for accelera-
tion, deceleration, and safe operating headw?~-s typically require the
vehicles to operate at headwn~-s of one mmute or more. Demand
actuation is not usuall?: appropriate. However, the number of trains
or vehicles on line is a(i]ustecl to variations of demand up to a satura-
tion level. Since onl~~ some lines are interconnected, transfers are
usual!}- required. This configuration is emplo~”ed by most existing
transit s~’stems. It would also appl~” to simple multi-stop shuttle
and loop s~-stems ancl could be used at line-end stations for Group
Rapid Transit systems.

Of-1ine Stops.—Passenger loading and unloading is done at
stations located on sidinos connected to the main line. This configura-

rtion permits the vehic es to b~’pass intermediate stations and to
operate from zone to zone or m express mode to meet trip time
objectives with low to moderate line speeds. Schedules and operating
modes would be adjusted to meet projected demands. Shorter head-
wa~’s are feasible thereby effecting potentiall~- much higher main
line loadings than is the case with the on-line stop operation. Current
headwal-s with off-line loading are limited to about 15 seconds
minim(lm.

Off-line stations are t~’pical in proposed applications of Group
Rapid Transit s~stems using medium sized vehicles. This allows
serving of the collection, distribution, and line-haul functions of
medium densit~’ urban areas using interconnected lines and minimum
transfers, The service would be primaril~” scheduled, however, demand-
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actuation may be appropriate in off-peak periods with the smaller
Group Rapid Transit vehicles. Off-line loading is required in the
Personal Rapid Transit class of systems.

In addition, a differentiation must be made between those systems
which in general will require a passenger to transfer and those which
provide direct origin-to-destination service. The latter service is
designed to provide a passenger with a trip from a station near his
origin to a station near his destination withcut transfer. This service
is generally associated with demand-actuated operation and is pri-
marily of interest to Personal Rapid Transit Systems but can be
implemented to a limited degree in off-peak periods ~th the group
transit concept. Even in these systems, a transfer wdl be required
between the fixed guideway system and the flexible route portion
(auto or bus). Transfers can also be an effective method of accom-
modating high demands while reducing, to some degree, capital cost
requirements and simplifying control system requirements. Reason-
able limits must be placed on the number of transfers any one
passenger must make in order to maintain an acceptable level of
service and to provide a hi h ridership incentive.

fThe current technological state-of-the-art is also an input to anysuch
examination of systems. The panel, in general, was well acquainted
with the current status and this kno~~’ledge was enhanced by means of
the questionnaire, by discussions with the people invited to attend
the February 18 meeting, and by other contracts. No definition of
the state-of-the-art will be provided in this report except as necessary
to the discussion of specific problems. Rather, the reader is referred
to the report of the Panel on Current System Developments.



Chapter 2: Potential Role of Automated Systems

The purpose of this section is to identify the urban transportation
problems that can be effectively addressed by the various types of
automated guideway systems. The urban transportation problem has
many facets including traffic congestion, lack of mobility for certain
groups, land use, energy and environmental impacts, capital and oper-
ating cost of publicly supported systems, level of service, and safety.
The role of automated transit may be brought into focus by comparing
its capabilities and disadvantages with the merits and weaknesses of
the automobile and present modes of public transportation.

THE URBAN TRANSPORTATION PROBLEM

Congestion is obvious to anyone who must travel major arterial
streets or freeways during commuter rush hours. This problem is
probably what most people think of when they refer to the urban
transportation problem. Less obvious to those with access to an auto-
mobile, but frustratingly real to the remainder of the population, is
the lack of mobility in our auto-oriented cities if no car is available.
Only half of the American population is licensed to drive. The remain-
der, comprising the young, the old, the poor and the handicapped must
either rely upon a friend or family member with a license or make do
with the present transit systems which are inadequate in many of our
cities.

The energy and environmental impacts of transportation are also
important. Transportation1 accounts directly for approximately one-
quarter of our annual energy consumption—in addition, approximately
half again as much fuel is consumed indirectly for production and
maintenance of vehicles, highways, fuels and facilities. The transpor-
tation segment of our energy consumption is especially significant
because 96% of this segment requires petroleum-based fuels. Therefore,
the development of transportation modes that are energy efficient
and that are less petroleum dependent will be favorable to current
efforts to conserve energy and to lessen the nation’s dependence on
foreign oil.

The adverse environmental impact of transportation is also well
known. About seventy-five percent of our atmospheric pollutants
are attributable to transportation. These emissions consist primarily
of unburned hydrocarbons, carbon monoxide and oxides of nitrogen.
Because pollution is concentrated in areas of high auto density, the
diversion of auto use to public transit in some of these regions can be
important in reducing emissions,

The cost of transportation, especially mass transportation, is high.
Revenues from bus and rail systems are inadequate to cover replace-

1 Hirst, E., “Automobile Energy Requirements, ”
ASCE, Vol. 100, No. TE4, November 1974.

Transportation Engineering Journal of
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ment of capital equipment and are inadequate to meet operating
costs. To halt the complete deterioration of our transit systems from
a vicious cycle of increased fares, reduced patronage, less frequent
schedules, further reduced patronage and further increased fares,
capital grants and, more recenty-, operating subsidies have been
provided. However, the economic condition can be most significantly
improved by increasing labor productivity and by attracting more
passengers—perhaps through increasing the level of service.

Level of service refers to the convenience, reliability, accessibility,
frequency of service, speed and comfort offered by a transportation
model. On this basis, most public transit compares poorly with the
automobile. There are, however, two areas where the level of service
of the automobile is rapidly declining, and these present natural
opportunities for the application of public transportation. Congested
commuter routes and the dowmtown areas of many of our cities are
areas of opportunity for a public transit service that can provide
lower trip times and reduce land use.

Finally, about one-third of the 50,000 automobile-related deaths in
the U.S. occur in urban areas. Since the evidence now available indi-
cates that public transportation is about 30 times safer on a per
person-hour of exposure basis ,2 the potential saving in life and in
money cannot be ignored in the cost-benefit equation for public transit.

R O L E  O F  A u t o m a t e d  S y s t e m

The development of new transportation technology has been to
some degree a part of an attempt to refocus technical effort from aero-
space to civilian markets in response to cuts in defense and space
budgets and shifts in what are perceived to be national priorities.
This involvement of the aerospace companies has been desirable in
that it has helped spark a technical renaissance in the transportation
industry. However, there has been some tendency to view the trans-
portation problem in isolation from concomitant problems of econom-
ics, finance, modal compatibility, politics, legal issues and community
acceptance. As a result, systems have been proposed having insti-
tutional obstacles of such magnitude as to appear insurmountable.
To avoid this pitfall, realistic markets for these systems must be
identified and examined. Three such markets are discussed below.

The first potential market is already’ being exploited. This market
involves the use of simple shuttle and loop concepts as horizontal
elevators for airports, shopping centers, remote parking areas, hospi-
tals, and similar applications. There is evidence that such applications
may be financially viable without federal assistance because of the
increased architectural freedom and improved land use made possible.
A developer may be willing to spend several million dollars to connect
two activity centers with an automated system if such a connection
permits budding on a less expensive and more suitable site and reduces
construction disruption in the existing areas. The technology for such
applications is proven with installations at airports in Tampa, Miami,
Houston, Seattle-Tacoma and Hartford which are either operational
or presently under construction. In addition, the Airtrans system at
Dallas-Forth Worth has gone beyond demonstrating feasibility for

3 Starr, Chauncey, “Social Benefit versus Technological Risk,” Science, Vol. 165, No. 3899,
Sept. 19, 1969,
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simple shuttle and loop applications by operating (albeit with well
publicized problems) a simple network with off-line stations and
switching.

The second use for which automated systems have promise is to
circulate people in downtown areas and major activity centers.
These automated systems can increase the feasibility of auto-free
zones while reducing pollution, saving energy, and enhancing the
mobility and quality of life in the downtown areas. Such concepts can
also reduce the disproportionate amount of valuable urban real estate
devoted to parking, streets and automotive support functions.

The third market for automated sytems is that of intermediate
capacity line-haul systems. The use of automation permits smaller
vehicles which can provide more frequent service, especially during the
off-peak hours. Such line-haul concepts do not offer a replacement
for the automobile and are not expected to attract more than about
10% of the total trips in an urban area. However, these systems when
designed to complement the automobile offer a number of significant
benefits to the community”.

These benefits include provision of reliable and efficient transporta-
tion for the young, aged, disabled poor and others without access to an
automobile. The system should permit orderly land use development
and should reduce and control the urban sprawl induced by sole
dependence on the automobile. It may prove to be the missing tool
to permit a development alternative to the high density eastern city
served by subways on one hand and the low density western city
served solely by the automobile. The line-haul automated system,
concentrated as it is on major corridors, can be expected to provide
relief to the taxpayer’s major complaint-rush hour traffic conges-
tion—and will also offer benefits in reduced pollution and energy con-
sumption. In the event of a petroleum shortage, the line-haul system
can represent a nonpetroleum dependent transportation backbone to
assure continued commercial viability of the community.

The major economic incentive for all of the automated transit
concepts is that of increased labor productivity. Studies 3 suggest
that fully automated transit systems may have operating and mainte-
nance costs of about 60¢ per vehicle-mile, about half that of buses
and a third that of manned rapid transit. These lower costs make it
possible to offer more frequent service in non-peak hours-providing
a frequency of service sufficient to significantly increase ridership and
service to the community.

C O M P A R I S O N  W I T H  C U R R E N T  C A P A B I L I T I E S

The decision on the implementation of an automated system must
rest on a detailed comparison with current alternatives—automobile,
bus, and rail transit—for the given application and site. Such an
examination is beyond the scope of this panel. However, some general
commentary on this comparison is appropriate and is given below.

AUTOMATED SYSTEMS AND THE AUTOMOBILE

In most respects, the automobile as a transportation mode is with-
out peer. It offers demand service, has low labor costs since it is
self-driven, and has low capital costs associated with highly sophisti-

3 De Leuw Cather, et al., “Automated Small Vehicle Fixed Guideway Systems Study.’ )

Draft report prepared for Twin Cities Area Metropolitan Transit Commission.
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cated mass production of a thoroughly proven design. But the automo-
bile is by no means capable of performing all transportation functions
better than other modes. The primary function of transit, then, is to
complement the auto mode by doing well those tasks which the auto
does most poorly.

The deficiencies of the auto mode are most evident on major traffic
arteries in our urban areas. Here, attempts to move large numbers of
commuters by automobile have been notoriously unsuccessful. The
result has been traffic congestion, pollution and excess energy consump-
tion. Attempts to meet the need with additional freeways have met
with citizen opposition to the unreasonable land requirements for
multi-lane freeways and the undesirable impact upon the quality of
life.

In downtown areas, the concentration of heavy auto traffic into a
small area destroys the human vitality which is essential to a metro-
politan area, interferes with commerce, and prevents effective human
interaction. Excessive land use is devoted to parking and auto service
functions. The prevalence of off-street parking prevents use of the
auto for travel within the downtown area without heavy cost and
time penalties. Such travel is also unattractive because of the heavy
congestion on city streets, which cannot be relieved because of the
high cost of land and the previous investment in valuable real estate
development.

These tasks, line-haul, arterial traffic and downtown circulation,
performed so poorly by the automobile, are ideal for the automated
guideway transit system such as the Group Rapid Transit concept.
Such systems can carry more than ten times the passengers of a free-
way lane on a right-of-way that is several feet narrower. They remove
noise and pollution from the congested downtown area and major
line-haul arteries and offer attractive energy savings over use of the
automobile, typically about a quarter as much energy per passenger
mile.

AUTOMATED TRANSIT AND THE BUS

The bus, because of its low capital cost, is often promoted as the
panacea for transit. However, the poor labor productivity of bus oper-
ation has lead to high operating deficits which in turn have lead to
reduced service frequency and coverage during off-peak hours. Typical
bus systems have about one employee for every 120 to 160 daily
passengers or every 14,000 vehicle-miles.4 Several proven operating
installations, such as Tampa and Seattle-Tacoma Airports, average
one employee per more than 1000 daily passenger or more than 30,000
vehicle-miles. Admittedly the operating conditions and environment
are substantially different between an airport and a city but the large
difference in magnitude between these numbers suggest the advantages
of automation.

The labor disadvantage of the bus is magnified on line-haul routes
such as the Shirley Highway Expressway by the large amount of
deadheading— or travel opposite to the prevailing direction of flow—
required to circulate the equipment to where it is needed. This counter-
flow service generates very little revenue. An automated system, be-
cause it is unattended, can better afford to circulate vehicles to meet
the demand. In a downtown circulation mode, the slow speed of the

4 American Transit Association “Transit Operating Reports, ”
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bus on congested streets reduces both its labor productivity and the
attractiveness of its service to the public. In Washington, the bus
takes longer to traverse a 12-block (about 1.6 mile) downtown route
segment during rush hour than is spent on the entire trip segment on
the longest Shirley Highway Express route (about 10.8 miles).

The advantage of automated systems compared with buses are
more frequent service, shorter travel times downtown and lower
operating costs and, possibly, lower life cycle costs. The disadvantages
are in the considerably higher capital cost requirement and the lack
of ubiquity compared with the bus. The automated system is con-
strained to its expensive right-of-way, while the bus is free to travel
anywhere and can easily adapt to changes in demand patterns.

A final advantage of the automated system is its ability to affect
land development. The high investment in guideway committed by
urban authorities, inspires similar investments from the private
sector which can be confident the transit system will be there to im-
prove mobility and increase land values. Conversely, no such confi-
dence can exist that bus routes will be maintained.

AUTOMATED TRANSIT AND RAPID RAIL

Since both rapid rail and automated guided transit systems use
fixed guideways, the distinction here can only be based on two cri-
teria—vehicle/train size and degree of automation. Present practice
in rapid rail transit operation requires that an attendant be present
on each train regardless of its size and degree of automation. On the
other hand, over four years and many millions of passenger miles on
fully automated systems (Tampa, Sea-Tac, and D/FW Airports), has
been accumulated without a single fatality, admittedly under better
controlled conditions than exist for rail rapid transit. There is some
evidence that the very conservative safety-first design approaches
used for automated systems and the use of coordinated vehicle-station
doors to prevent passenger access to the guideway, may lead to a new
standard of transit safety. At any rate, the safety record during what
is always the dangerous introductory phase seems to establish the
high probability that completely driverless operation would be
acceptable on regular transit systems. If this proves to be true, then
automated transit will offer a potentially higher labor productivity
than manned rapid rail. Further, this higher productivity will make
possible smaller vehicles and more frequent service—especially during
off-peak hours. 5 Thus, the concept of fully automated fixed guideway
systems, whether they be rail or some other support technology, offer
a high potential for improving service and increasing the system
productivity. Obviously, the benefits of full automation can be applied
to existing systems, such as light rail, where applicable. In this case,
the advantages of a proven support technology place less of a demand
on the system development requirements.

such system characteristics may make line haul fixed guideway
systems economically viable for the large number of American cities
which are too small to justify full rapid rail systems and which are too
large to be adequately served only by bus transit.6

S Vuchic V. R., "Rapid Transit Automation and the Last Crew Member, ” Railway Gazette
International, October 1973, pp. 382–385.

8 Vuchi, V. R., and Stanger, R. M., “New Transit Technologies : An Objective Analysis is
Overdue,” Railway Gazette International, October 1974, pp. 384-387.
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S U M M A R Y

To conclude, the auto is here to stay and no transit mode will com-
pletely replace it in the foreseeable future. However, it is essential to
complement the auto mode with transit for two reasons:

. The automobile is unable to function effectively on high density
commuter routes or in crowded downtown areas. It causes con-

gestion, pollution and high energy consumption.
● Mobility must be provided to those without access to an

automobile.
For lightly traveled routes, the bus will remain the preferred mode

because of its ability to operate on the existing street network. On
major line-haul routes or in downtown areas, where existing street
networks are overcrowded, it makes sense to consider fixed guideway
transit, since a single lane can carry ten times the traffic of another
highway lane. By automating the fixed guideway system, a doubling of
productivity seems possible compared with bus systems. When peak-
hour demand exceeds 20–30)000 passengers per hour, it seems clear that
conventional rail rapid transit systems, possibly automated to reduce
operating costs, will continue to be the mode of choice.

The role for fully automated, fixed guideway transit will be to
provide line haul and downtown circulation functions, which are
presently poorly met by the automobile and require operating sub-
sidies when met by buses. These systems will also continue to play an
expanding role as horizontal elevators connecting remote parking lots
and buildings within major activity centers.



Chapter 3: System Description and Development Requirements

This section describes the systems given in Table 1, below, with
emphasis on the technological development requirements. These
parameters are summarized in Table 2.

S H U T T L E  A N D  L O O P  SY S T E M S

Shuttle and Loop Systems represent the most advanced of the
systems being considered in terms of their engineering development
being in operation at several airports and other locations. The report
of the panel on current status describes these applications in more
detail. The basic physical difference between these systems and the
other automated guideway systems is that the Shuttle and Loops do
not make extensive use of operational switching in passenger carrying
operation. As a result, stations must be on-line and the time alloca-
tions for stations dwell time, acceleration, and deceleration require
headways between vehicles of about one minute. The required vehicle
size is set primarily by the anticipated peak demand.

Because of the limitations imposed on travel time by the mode of
operation and guideway layout, such systems are generally limited in
length and in the number of stations that can be accommodated on a
single line. However, the potential in comparison with buses for im-
proved service at lower operating cost and life cycle cost recommends
these systems for use as short-haul transit and as feeders to other
transportation modes. These advantages must, of course, be balanced
against the higher capital investment and the need for exclusive
rights-of-way.

The potential use of these systems in urban areas has not been
sufficiently examined or exploited. A partial reason may be the desire
on the part of interested communities in obtaining the greater capacity
and flexibility promised by the Group Rapid Transit concept, It
should be noted, however, that Shuttles and Loops do possess the
evolutionary potential to be upgraded as necessary to the Group
Transit concept. Incorporation of operational switching could be ex-
ploited initially to permit off-line stations and, as required, to inter-
connect lines.

For their current applications, the Shuttle and Loop Systems can
be considered to be fully developed with site-specific engineering re-
quired and, of course, some product improvement. If the systems are
to be deployed in substantial urban installations, further production
engineering will be necessary with emphasis on increased system
reliability.

G ROUP R APID T RANSIT S Y S T E M S

Because of technological differences in the characteristics and state-
of-the-art, these systems are discussed according to their operational
headway. For convenience these categories are listed as moderate
headway (greater than 15 seconds) and short headway (less than 15
seconds).
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Group RAPID TRANSIT S Y S T E MS ( M o D E R A T E  H E A D W A Y )

The moderate headway Group Rapid Transit, as a generic classifi-
cation, represents only a slight departure from those rail rapid transit
modes presently in existence. Group Rapid Transit is typically
deployed in network configurations involving switching for multiple
routing and involves the operation of single or trained vehicles. The
typical capacity of the vehicles in those systems allows the use of
fixed block train separation systems readily available with state-of-
the-art technology. In general, Group Rapid Transit Systems utilize
vehicles noticeably smaller than those normally associated with con-
ventional rapid transit, but this generic classification can be con-
sidered, at the high end, to merge with the overlay with light rail
transit.

Table 1 summarizes typical examples of the moderate headway
Group Rapid Transit systems and their generic characteristics.
Table 2 lists some of the advantages and disadvantages of these
systems compared to conventional rail transit. The systems are
capable of operation as intermediate capacity line-haul systems and
as regional networks. In addition, they have the potential to circulate
people in major activity centers and to connect major centers. The
required vehicle size is primarily a function of the peak demand and
the type of operation employed. The panel believes that these systems
represent a much needed mode which, if satisfactorily developed,
will assume a major role in urban transportation between rail rapid
transit and the bus and that the deployment of these systems should
be encouraged.

Group Rapid Transit Systems operating at moderate headways
have been deployed in special applications, e.g., “Airtrans” at the
Dallas/Fort Worth Regional Airport. These deployments are in a
benign environment compared to that expected in urban deployment.
Therefore, a selected urban installation will be required to “prove”
these systems in an urban environment. These systems are considered
to be in engineering development, i.e., the basic technology has been
proven and work is required on the system design to improve the
product and to prepare the system for larger scale production, The
required improvements and development include:

Substantial improvements in system reliability, especially
automated control and communications, switching equipment
and automated vehicle doors.

Extensive development of computer software for managing
the vehicle fleet and for accommodating the system to failures.

Reduction in cost and weight of guideways and vehicles,
Improvement of techniques for detecting or removing obstacles

that may affect passenger safety or cause damage to the vehicle.
The substantial funding required for the engineering development is

beyond the means of a specific community or organization especially
in view of the current economic climate and the uncertainty regarding
the market and level of federal involvement in these systems. De-
ployment of these systems will require at least partial federal funding
for the conduct of the engineering development.

The panel specifically cautions that this consideration of Group
Rapid Transit is based upon the service concept and does not imply an
endorsement of any of the existing hardware,
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GROUP RAPID TRANsIT S Y S T E MS ( s H O R T  H E A D W A Y )

T h e  s h o r t  h e a d w a y  G r o u p  R a p i d  T r a n s i t  S y s t e m  i s  c h a r a c t e r i z e d

b y  h e a d w a y s  f r o m  a b o u t  3  t o  1 5  s e c o n d s ,  s m a l l e r  v e h i c l e s  ( 8  t o  2 0
s e a t s  p a s s e n g e r s ) ,  o p e r a t i o n a l  s w i t c h i n g ,  a n d  o f f - l i n e  s t a t i o n s .  C a -
p a c i t i e s  r a n g e  f r o m  3 , 0 0 0  t o  1 5 , 0 0 0  p a s s e n g e r s  p e r  l a n e  p e r  h o u r .  T h e

p o t e n t i a l  a p p l i c a t i o n  f o r  s u c h  s y s t e m s  a r e  a s  a c t i v i t y  c e n t e r  c i r c u l a t i o n

a n d  c o n n e c t i o n  a n d  a s  u r b a n  n e t w o r k  s y s t e m s .  T h e s e  a p p l i c a t i o n s  a r e

b a s e d  u p o n  t h e  p r e m i s e  t h a t  t h e  s m a l l e r  v e h i c l e s  a n d ,  i m p l i c i t l y ,
s m a l l e r  g u i d e w a y s  w o u l d  r e d u c e  t h e  c o s t  a n d  t h e  i n t r u s i v e  n a t u r e  o f

t h e  g u i d e w a y  a n d  i n c r e a s e  t h e i r  a c c e p t a b i l i t y  t o  t h e  c o m m u n i t y .

i n  a d d i t i o n ,  t h e  o p e r a t i o n  a t  s h o r t e r  h e a d w a y s  w o u l d  p e r m i t  l i n e
c a p t i c i t y  g r o w t h  a n d  m o r e  f r e q u e n t  s e r v i c e  t o  t h e  d i v e r s e  d e s t i n a t i o n s

typical of urban travel and would result in increased s y s t e m  p a t r o n a g e ;
the smaller vehicle requirement being the result of the increased service
and an increase in the number of destinations. At peak demand periods,
the system could be operated in a scheduled manner with the smaller
vehicles coupled into trains. If the unit costs and the guideway in-
trusiveness are reduced, more guideways can be constructed for the
same price. In turn, the added guideway will increase the system re-
liability as perceived by the passenger by providing multiple routing
alternatives to by-pass failures.

However j the economic feasibility, the increased service potential,
and the greater accept ability of the potentially lighter guideways
have not been established and a considerable body of opinion exists
that feels that the short headway group system will not be acceptable.
This group feels that further development of these systems requires
clarification of the potential applications for these small vehicle,
short headway systems and an examination of their economics and
safety.

This difference in viewpoint does exist within the panel especially
with regard to the UMTA HPPRT Program. However, the panel
does feel that the priorities of this program with proper reorientation
can be directed toward establishing of a technological baseline with
emphasis upon reducing system capital and operating costs and upon
increasing system reliability. A long-term goal can be that of deter-
mining the extent to which the state-of-the-art of GRT Systems can
be advanced while still adhering to conventional safety standards.

The decision to develop the short headway Group Rapid Transit
System concept will require a test facility for integrated system proto-
type testing with specific attention devoted to:

●

●

●

Improving the responsiveness and accuracy of the longitudinal
control system including the vehicle separation detection and
wayside communication,
Development of an emergency braking system capable of
providing a controlled deceleration profile independent of
vehicle loading, grade, and winds while still meeting the safety
and reliability goals, and
careful intergation of the system hardware and software if the
development goals are to by achieved.

PERSONAL R APID TRANSIT SYSTEMS

The Personal Rapid Transit (PRT) System, as defined in this
report, is considered to provide non-stop service from an origin to a
destination station for an individual or related group of passengers.
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Demand-actuated service is provided using small (4-to-6 passenger)
vehicles. To achieve adequate capacity, headways of one-half to
two seconds are required. Since these headways are below the headways
that can assure an emergency stopping distance without collision,
the system must be designed to be highly reliable and the vehicles
designed to accept only seated passengers and to be crashworthy in
the event of a collision. The proponents of these systems see them as
eventually providing area-wide coverage with a fine-grained network
of guideways and stations.

The PRT concept is based upon the premise that the only means
by which a significant fraction of the urban trips may be attracted
from the automobile is to provide a service comparable to that of
the automobile, that is a personal vehicle with accessibility to a major
portion of the urban area with trip times, cost, and direct service
competitive with that of the auto. To obtain this service level, the
system would require spacings of guideway and stations of approxi-
mately one-half mile and fleet sizes of the order of 10,000 vehicles
for a city of one million population. Supporters of this concept feel
that a large market for these systems exists because of the need to
suppress the automobile. As a result, the economics of mass produc-
tion will reduce the capital and operating costs to a level comparable
to that of the auto.

The opposing viewpoint questions whether the PRT even with
its claimed service could attract a significant fraction of the urban
automobile trips unless severe restrictions are placed upon the use
of the auto. Impedances such as the walk to and from a station and
the difficulty of handling and storing packages are often cited as
constraints on the use of such a system. The primary questions, even
for those who accept the service concept, focus upon the economic
viability and community acceptance of a fine-structured elevated
guideway network which would essentially duplicate the existing
street system and the capital and operating costs of a large fleet of
vehicles designed to accommodate single party occupancy. The
arguments for the large reduction in capital costs by means of mass
production are not generally accepted nor are the means to attain
the market required for mass production adequately defined.

The panel, as a whole, is skeptical regarding the eventual develop-
ment of PRT Systems because of the long-term development require-
ments, the economic viability of the system, the intrusive nature of
the fine grid network, and the difficulty of introducing such systems
into an urban area. The majority of the panel feel that the case for or
against PRT’s as defined in this report has not been adequately
established and that limited funding is justified to more fully clarify
the advantages and disadvantages of this concept by a group of
knowledgeable persons other than the system proponents.

One of the panel members feels that the PRT concept is inherently
self-contradictory combining small vehicles optimal for dispersed
travel with expensive fixed facilities which are economically viable
only in high density corridors. He also claims that it can be shown that
the claimed performance of this mode in terms of fractional second
headway with acceptable speeds and safety cannot be physically
achieved. Further, the inefficiencies of small vehicles in terms of
energy, costs, and complexity in control and operation place these
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systems outside the realm of reality. He feels that there are no con-
ceivable conditions under which this system would play a significant
role in transportation and that with current trends with respect to
energy the chances for these systems are even less likely in the future.
As a result, this panel member recommends no R&D funding for this
concept.

Another panel member who also believes that the economics of the
larger vehicle sytems are likely to prevail supports limited funding for
the Personal Rapid Transit concept because the technological advances
resulting from such research will be applicable to the broad spectrum
of automated transit and because the evolution of technology has in the
past provided viable concepts that were originally believed to be
uneconomic.

A decision to pursue the development of the Personal Rapid Transit
concept will require resolution of the problems described for the other
systems and, to some extent, can be aided by these developments.
However, in view of the exploratory nature of this concept, emphasis
should be placed upon establishing the basic economic and techno-
logical feasibility of these systems prior to undertaking major develop-
ment. Thus, attention should be devoted to:

Basic system recquirements to provide service.
. Performance-speed, headways, acceleration and deceleration

requirements.
● Service—capacity, passenger waiting and travel times, accessi-

bility, and availability.
. Development objectives-Safety and reliability goals, cost

goals, guideway and vehicle envelopes, station throughputs
and configurations.

Demonstrating feasibility of longitudinal control systems for short
headways (0.5 to 2.0 sec.).

Determining the requirements to be imposed on the vehicle and on
other parts of the system by permitting controlled collisions.

Examining the fleet management requirements for short headway
operation.

The decision to initiate a development and implementation program
for a Personal Rapid Transit System must recognize that the system
deployment can be a decade or more away and that the management,
financing, and risk exceed in magnitude any other development pro-
gram ever undertaken by the Urban Mass Transportation Administra-
tion, The need for careful long-range planning and for a commitment
on the part of the federal government to such a program, if initiated,
cannot be overstated.



Chapter 4: Discussion

This section discusses the systems covered in Section 5 with em-
phasis upon the technological development requirements common
to all of the systems and upon a development plan for these systems.

G E N E R A L  C O M M E N T S

All of the systems in this assessment operate automatically without
attendants or drivers in the vehicles. The objectives of this auto-
mation are the reduction and stabilization of operating costs, the
improvement of service to the passenger, and a reduction in life
cycle costs compared to other modes using drivers such as buses
and manually operated rail systems. No one class of these systems is
clearly superior for the entire range of applications envisioned. Each
system has a range of conditions for which it may be best suited
and it is only natural to expect that an urban area will be best served
by a multi-modal approach incorporating these systems and con-
ventional transit.

The complexity of the systems considered increases as the size of
the vehicle and the headways decrease and as the operation expands
to demand-actuated and origin-to-destination service. The introduc-
tion of this complexity is an attempt to increase the attractiveness
of the system to the potential passenger and to reduce the trip im-
pedances normally associated with transit use. There is no doubt
that increasing the system accessibility to the passenger and reducing
the passenger’s waiting time and trip time are desirable and necessary
attributes of a system if the potential ridership is to be increased.
However, even in this case quantitative measures of the impact of
time saving on the modal split are arbitrary and in need of further
study. Other attributes such as no-transfers and single party occu-
pancy are even more difficult to assess. For example, the public
apathy to transfers is probably based upon current systems where
the transfer takes place at an unprotected location with long or at
least uncertain waits for the arrival of the next vehicle. Transfers
may not be considered odious if they occurred in a protected environ-
ment and were simple and quick as has been done with some subway
systems. The use of transfers would, in general, reduce the cost and
complexity of the transit system. In effect, the panel requests that
more study be given to this subject so that the necessary system
attributes can be separated from those that may be desirable but
may have only a small effect on the service provided or on the level
of ridership.

Although prototypes of these automated guideway systems do exist
and some are in operation in limited and special purpose installations,
none of the systems are operating in a true urban environment. Urban
operation places severe requirements upon a system in comparison
with operation at airports, universities, or other activity centers

(381)



382

especially in terms of the maintenance and reliability requirements
and for operation under varying climatic conditions. At the same time
it must be noted that the well publicized problems of automated
systems me not a reflection on the concept but rather a problem in
management and hardware; problems inherent in the introduction of
new equipment.

It is not sufficient for these new systems to be shown to be opera-
tionally and technically feasible prior to their introduction into urban
transportation. In addition, their role in urban transportation will be
determined by their capability}’ to offer a service and cost "package”
which is superior to or at least equal to such "packages” offered by
existing modes. It is incumbent, therefore, upon the agency developing
these new systems to conduct an objective analysis of the system for
comparison with conventional modes; the analysis taking account of
the experience of transit planners and operators.

COMMON DEVELOPMENT R EQUIREMENTS

The major technical problems that need to be resolved regardless of
the system considered are the development of reliable automation for
the control of the system, the increase in overall system reliability,
the development of less intrusive and less expensive guideways, and
the assurance that system integration has taken place in accord
with the development objectives. These items arc discussed below.

CONTROL SYSTEM AUTOMATION

Full automation implies automatic functioning of three distinct
operational responsibilities. The first is system management of vehicle
movements, schedules, fleet size, and operating strategies under normal
and degraded conditions. The second is control of vehicle propulsion
and braking, door operation, station stopping, and the like. The third
is the prevention of vehicle collisions and the protection of system
equipment, personnel, and passengers under emergency conditions.

Neer systems such as BART employ computer installations to
automatically maintain or adjust schedules and fleet size. The second
function is performed in existing systems with widely varyring levels
of automation depending on site specific and system specific con-
siderations. Extensive use is made of automated equipment to perform
the third function in existing rail systems.

The automated systems considered in this report differ from auto-
mation in current systems mainly: by complete removal of the vehicle
operating crew. This full automation promises reduced operating costs
and, perhaps, life cycle costs, increased service by providing the
opportunity to run smaller vehicles or trains at greater frequency, and
in compaison with manual operation, some possible benefits in
energy consumption, ride comfort, capacity, and schedule mainte-
nance. These advantages are purchased at the price of increased
investment costs and complexity.

For the automated guideway systems, the major R&D problems for
full automation are those associated with management of the vehicle
fleet, especially in dermand-actuated operation, and with the control
of individual vehicles in short, headway operation. These are discussed
below :
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Vehicle  Management

The vehicle and traffic management function of automated guideway
transit systems provides the overall opertitional control for the vehicles
in the system and as such implements the real time decisions pertaining
to the disposition of vehicles in the fleet, The major subfunctions
which the vehicle and traffic management system must perform are:

Provision of a vehicle to serve a trip.
Regulation of traffic flow on the guideway network to prevent

saturation.
Adaptation and reconfiguration of the system in response to

anomalous conditions arising in the network.
Scheduling vehicles for periodic servicing such as cleaning,

washing, and inspection.
Providing system status to supervisory personnel and imple-

menting their decision.
The development of the vehicle and traffic management system for

an urban installation requires work in three areas:
(a) Development of algorithms for performing the required auto-

mated functions.
Most of the attention in this area has been directed at demonstrating

the feasibility of algorithms for nominal operational.123 The work in
deman-activated operation has developed algorithms for regulating
the number of vehicles in use relative to the total trip request rate, for
circulating vehicles to locate them near anticipated trip origins, and
for regulating the flow of vehicles at merge junctions and stations.
Algorithms for performing the automatic detection and evaluation of
anamalous operating conditions and for implementing the required
response remain to be developed. This development to some extent has
been delayed by the dependence of the algorithm on the network
configuration and hardware selection.

(b) Development of real-time communications, computation, and
display hardware system.

The hardware components for such systems exist but the collection
and integration of these equipments into a cost-effective system needs
to be performed for a particular application. Better estimates are re-
quired of the storage and timing requirements of the various software
algorithms. These estimates will help prevent the recurring problem
of undersized computers.

(c) Development of real-time computer software for executing the
control programs.

The development of the real time software has lagged behind the
conceptual hardware design. This software which is dependent upon
the selected hardware controls the implementation of the vehicle
management algorithms, set priorities within the equipment on which
algorithms are to be operated, and controls the input and output of
data from the machine.

Headway Control

The safety standards for guided systems have historically required
the headway be limited to the “brick-wall stop”, i.e., the spacing
between vehicles be constrained to a value exceeding that required

1 “Personal Rapid Transit, ” edited by J. E. Anderson, et al.
2 “personal Rapid Transit I I ,“ edited by J. E. Anderson, et al.
3 “Command and Control Status Report, ”

available from NTIS PB–231 681/SET.
edited by E S. Hinman. UMTA DOT Report
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for a vehicle to come to a full stop under emergency braking condi-
tions. The braking distance 24 is a function of the vehicle speed, the
braking rate and jerk (usually the guaranteed minimum rates), the
detection and reaction delays necessary to recognize the existence of
an emergency and to implement braking, and the state of the vehicle
at the time of the emergency, e.g., whether the vehicle is accelerating
or traveling at constants speed. Current systems employing fixed block
detection techniques will have a minimum headway of 10 to 12 seconds
at 40 feet per second. The development of high resolution separation
detection devices in place of the fixed block scheme and the use of
accelerometers to detect vehicle overspeed will decrease the headway
to approximately 6 to 8 seconds. These developments together with
the development of a braking system capable of providing a controlled
deceleration profile independent of vehicle weight, grade, and winds
should reduce the headway to about 3 seconds. Such emergency brak-
ing systems which would replace the constant force emergency brakes
currently in use are being proposed for development in the HPPRT
Program.

Further reduction in headways to those proposed (2 to ½ sec.) for
the Personal Rapid Transit concept will require the “brick-wall stop-

ping” criteria to be abandoned in favor of a criteria which emphasizes
high reliability and which permits occasional collisions between vehi-

cles in the event of a failure. The requirements for these systems are
discussed in Section 5.

Further work is also needed on identifying and seeking solutions to
the social and legal problems that may be encountered as full auto-
mation is introduced into an urban area.

SYSTEM RELIABILITY

One of the most important aspects of the practicality of automated
guideway transit is the degree to which travel may be made reliable.
This is especially true for the automated systems which employ a
large number of vehicles. Methods for expeditiously and economically
handling failures in the system and for maintaining service to as high
a degree as possible must be designed into both the traffic management
system and the hardware subsystems.

The reliability of a system is dependent upon:
(a) System availability goals for public acceptance. The avail-

ability goals are often expressed as: On the average, a passenger should
not be subjected to more than one 5-minute delay in 10 trips or no
more than 1-hour delay in 1 year. Too often these values are set
without a careful analysis of the passenger’s acceptance criteria. Since
low values may reduce the public acceptability of the system and
high values will result in higher costs, the availability goals must be
established on a firmer footing than current practice.

(b) Subsystem and component failure rates. Procedures and a data
base with which to estimate the reliability of typical components
used in automated systems are only beginning to be available; e.g.,
data to establish appropriate derating factors for the application of
electronic components in a mass transit environment. Such informa-
tion will allow the critical components with high failure rates to be

t Hinmau,  E. J. and Pitts,  (+. L., “Practical Headway Limitations for Personalized Auto-
mated Transit Systems. ” Proceedin  s of IEE Conference on Control Aspects of New Forms
of (lutded  Land Transport, I@ndon, kngland,  August  1!)74,
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identified and to be improved by controlling the environment in which
the part operates, by derating the component, and by adding re-
dundancy to the system for those subsystems and components where
reducing the failure rate is of critical importance. In all such cases
testing of the components and subsystems and of the total system are
necessary to establish the failure levels of the system.

It has been shown 5 that the reliability dependent, subsystems of
an automated transit system are a relatively small percentage (about
20%) of the total system costs. If this factor remains valid, additional
funding to develop improved reliability of these subsystems can have
a marked impact upon the overall system reliability without signifi-
cantly increasing the system costs.

UMTA should consider the establishment of a data bank on transit
system components with the information provided and used by the
transit operating agencies and other transit-related organizations.
The existence and organization of such information can of itself
provide an incentive for manufacturers to improve component
reliability.

(c) Time to restore service. Failures which require long periods
to repair and restore service will affect proportionately higher num-
bers of passengers and reduce the public acceptance of the system.
Efforts, then, to develop means of rapidly identifying failures and to
take quick corrective actions are of prime importance to these auto-
mated systems and are in need of development. It should be noted
that if for the same investment the smaller scale vehicles and guideways
permit more dispersion of guideways than the larger scale systems,
then the additional routes available can provide a means of quickly
restoring service even with a blockage in the system.

There is a need for design procedures and methods to permit deter-
mination of the system availability especially for the smaller vehicle
systems. Such analysis will ultimately require a computer simulation
to evaluate the numerous design variations which affect system re-
liability. Such work must be performed during the planning and specifi-
cation stage for any automated system.

It is necessary to remember however, that mathematical modeling
will not make a system reliable. Rather, it is the combination of design
procedures, modeling, production quality control, and testing which
is required. Such programs are generally expensive but experience
has taught that their successful application has been worth the price.

GUIDEWAY COST AND INTRUSION

Two of the most critical factors facing the implementation of auto-
mated guideway systems are the cost of the elevated structure, which
represents 50% to 70% of the total investment cost, and the com-
munity acceptance of the elevated structure. Significant attention
to these items is required. This work should include:

. Introduction of realistic design standards for guideway design.
This work should include design studies on innovative struc-
tures that can reduce guideway cost and size such as those
being undertaken by various architectural and engineering
firms for the moderate headway group systems.

‘ Smith, Frank C., “Systenl  Assurance ; Current and Future Guideway  Transportation
S~”stems,” First International Conference on Dual  Mode  Transportation, Washington, D. C.,
~fay 1974,
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. Introduction of production and assembly techniques to reduce
the cost of the guideway elements and to reduce the disruption
associated with on-site construction. Pre-cast concrete is par-
ticularly adaptable to this requirement.

. Determination of realistic ride quality standards. Current
standards appear to be overly stringent resulting in higher costs
and larger guideway structures than are necessary.

● Development of cost effective methods of minimizing the effect
of ice and snow on system operation.

. Development of techniques or various elevated guideway con-
figurations for providing for safe and rapid evacuation of

passengers from a stranded vehicle.
● Examination of guideway configurations and vehicle support

technologies to establish the trade-offs in terms of cost, guideway
size, energy consumption, operational reliability and foul
weather performance.

The final item includes the need for additional development of the
basic lateral guidance and switching concepts as related to the support
technology. To-date, most automated group system vehicles have
employed rubber tires although alternative suspension concepts have
been proposed using steel wheels and rail, air cushions, and magnetic
levitation. Currently, the basic lateral guidance and switching capa-
bilities of steel wheel technology still a pear to be superior to that of
rubber-tired systems although the adhesion for fail-safe emergency
braking may limit the headway capabilities of a system employing
steel wheel technology. Further work is necessary to define the ap-
plicability of these various suspension concepts and the effect of the
suspension on guideway size and cost and on the lateral guidance and
switching.

SYSTEM INTEGRATION

The development of a reliable high performance component or
subsystem does not insure that this item will operate as designed in
a transit system unless the entire system design IS carefully controlled
with specific design goals and with an understanding of the inter-
actions between the various subsystems. This process called system
integration generally represents about 10% to 15% of the system
development and investment costs but is critical to obtaining satis-
factory performance of the transit system. The system integration
process requires that careful control be exercised over the system
design to insure that design goals are being met and that the trade-
offs in system performance are being examined. Such a process re-
quires constructing and exercising computer simulations of the system
and the extensive testing of the components and subsystems in-
dividually and then in the system as a whole.

It should be noted that the systems integration process has been
informally applied to many transit projects. However, the increasing
complexity of the automated systems and the interdependence
between subsystems requires that this process be formalized and con-
trolled. System integration does not insure absolute success of the
system development program but neglect of the process almost
positively insures that the design goals will not be achieved.
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TEST FACILITY

Many of the problems encountered in attempting to introduce
automated systems are the result of attempting to undertake con-
current development and implementation of a system. Further, the
pressure for implementing the system has tended to reduce the time
available for system testing, check-out, and debugging. As a result,
failures which could have been avoided by developing and testing of
a prototype system occurred with embarrassing frequency in revenue
operation,

To minimize these problems and to provide a common basis for
the conduct of the above developments, a federally owned and operated
test facility is suggested; the facility being located at a permanent
site to permit long-term development and testing. Such a facility
would be available for:

● Testing critical aspects of system design.
. Establishing design and operational standards.
. Testing differing design approaches and components for com-

arisen with standards.
● Testing and verification of integrated automatic control system

operational performance and reliability.
. Identifying and defining engineering trade-offs.
. Limited "check-out” of systems prior to urban deployment.

With proper reorientation, the HPPRT program can provide the
initial stage of such a facility. It will be necessary to include as a de-
sign requirement for this facility the need to provide sufficient flex-
ibility to permit the testing and development of alternative sub-
systems and components either separately or together.

As noted by one of the panel members, there may be justification
in certain cases for limited funding to specific vendor/manufacturers
to construct a limited test facility for supplying specialized data.

D E V E L O P M E N T  P L A N  A N D  R E C O M M E N D A T I O N S

In view of their development status, the Federal Government should
be receptive to providing capital grant support for initial deployments
of the systems now available which are shown to be the best alterna-
tives for the proposed application. The deployments should be care-
fully planned to permit modest improvements in the performance and
reliability of these systems with sufficient schedule allocation to per-
mit these improvements to be accomplished with confidence. The
initial deployments should be planned to permit incorporation of
improvements in performance and expansion capability derived from
parallel R&D programs to enable extension and upgrading of these
systems while mimmizing the interruption to existing service.

In the R&D area, the development of a technological baseline for
the Group Rapid Transit concept should be pursued along with the
initial staging of a federally owned test facility. Such a baseline can
provide technical data on performance, cost, and component charac-
teristics that can be used to formulate specifications for deployable
systems, can aid in identifying and examining the performance and
cost trade-offs, and can permit the options in operational mode to be
examined. The HPPRT Program can be re-oriented to provide this

)4 -37(!  ( ) - 7 i - ?11
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development and to be the initial stage of a test facility for continued
development and testing of automated transit systems and their com-

orients. Such improvements, especially in automatic control per-
formance and overall system reliability are essential if initial installa-

tions are to expand to a meaningful role in urban transit.
In addition, a separate program to pursue the critical component

and subsystem development common to all systems should be pursued.
Further, the majority of the panel feels that the issues surrounding the
Personal Rapid Transit concept warrant limited exploratory funding
to determine if the economic and technological feasibility exists and
if the systems can be acceptable to the community. This study should
be carefully addressed to the feasibility issues and include proponents
and opponents of these systems. The study should also be staged so
that the need for further study can be determined and directed.

Finally, the Federal Government should interact more strongly
with transit authorities in urban areas to consolidate and define the
public transit needs of these areas in order to better determine the best
methods of application for automated vehicle transit systems. This
type of interaction is already present to some degree in the categories
of rail and bus transit systems. It should be implemented even more
vigorously with regard to automated vehicle systems so that an under-
standing can be developed of the most economic spectrum of modes
require to satisfy the real needs of our urban communities.



TABLE 1.–AUTOMATED GUIDEWAY SYSTEM CLASSIFICATION AND DESCRIPTION

Interme-

System
classification System chaaracteristics Examples

diate
V e h i c l e  P r o service stops and Station Appilcations actual
occupancy modes transfers location Routing capability (A), proposed (P)

Shuttle and loop
transit systems.

Group rapid transit systems:

Moderate head-
way.

Short headway.

Personal rapid
transit systems.

Large vehicles (30 to 00
plus passengers); head-
ways equal 1 minute or
greater; limited oper-
ational switching; ca-
pacity from 3,000 to
5,000 pass/lane-hour.

Moderate-to-large vehi-
cles (15 to 40 plus pas-
sengers); headways
equal 15 seconds or
more;

:2:”3%  ‘:;?2

=m~~~~iehicl~  (8
to 20 seats); headways
equal 3 to 15 seconds;
operational switching;
capacity from 3,000 to
15,000 pass/lane-hour.

Small vehicle (4 to 8 pas-
sengers) all seated; head-

La&:qgi:”58%t%G-
capability;
from 1,000 to 10,000 pass/
lane-hour.

Tampa Airport,
Seattle/Tacoma
Airport, Houston
Airport.

Dallas/Fort Worth
Airport “Airtrans,”
Morgantown,

Aerospace concept
(United States)–
prototypes: Cabin-
entaxi (German
CVS (Japan).

Y),

Multiple party. Generally scheduled
but may operate
only in response to
observed demand.

... -ado----- Generally scheduled
although demand
responsive service
possible.

 . - -do---- Scheduled and de-
mand-actuated.
Possible origin-to-
destination service
at low demand

Single Origin-to-destination
party. demand actuated

Service.

Yes------- On-1ine---- None ------------------ Special purpose short-
rhaul A); feeder to

other transit modes
(P).

Possible.. - On- and Limited alternative
ofl-line. routing.

-----do---- Generally Moderate alternative
Off-line routing.

No-------- Off-line --- Generally conceived
as having many
alternative routes,

Intermediate capacity
line-haul (P);
regional network
(P); circulation (A).

Regional network
(P); activity center
circulation and dis-
tribution (P).

Fine-grained regional
network (P).



TABLE 2.—SYSTEM COMPARISON AND DEVELOPMENT REQUIREMENTS

Risk Of
succesa-

Comparison with conventional transit
techno-

Comparison with previous category
System Development Development development

classification Advantages Disadvantages
Development

Advantages Disadvantages Status requirements time

Shuttle and loop
transit system.

Group rapid transit

Moderate
headways.

Short headway-.

Personal rapid
transit systems.

Lower operating cost per
passenger
possible lower life cycle
cost; improve service
and reduce travel time
to passenger; potential
reduction in energy con-
sumption per passenger-
mile.

Above, plus smaller vehi-
!lcle t an rail rapid

transit permit use of
smaller guideways;
shorter trip times than
buses; may be able to
combine intermediate
line haul with limited
circulation in activity
centers.

Above, plus provide
higher performance than
minibus or taxi; exist-
ence of system in activ-
ity center could generate
demand; could provide
means to encourage
auto-free zones if travel
times are sufficiently

Basically acts as an auto-
mobile alternative since
it provides single party
occupancy, origin-b
destination: service over
trip length

;highest level of transit
service.

Higher capital
investment.
Requires

guideway.

Above plus;

complexity
with implied
higher initial

maintenance
costs to obtain
required
reliability.

Above ----------

Change in
current safety
criteria;
requires sig-
nificant devel-
opment.

-------------------------------------- Essentially
developed
(Site specific
engineering
required).

-------------------------------------- Engineering
development

revenue
operation
systems in
existence).

Higher service

capability
direct service
and fewer
transfers;
routing op-
tions would
exist and
demand-
actuated-
Service pos-
sible; vehicles
and guide-
ways should
be smaller.

Single party
occupancy;
direct origin-
to-destination
service.

More extensive
guideway net-

interchange
required for
land; increased
complexity;
higher energy
consumption
per unit
passenger
Space.

Extensive guide-
way network;
highest level of

.
plexity; requires
significant
advances in
state-of-art.

Advanced
development;
(prototype design)

Product improvement ------------------ None.
especial reliability (for
larger installations).

Selected urban installa-
tion; product improve-

%ment especial reliabil-
ity, cost and weight,
reduction of guideways
and vehicles; obstacle
detection and removal;
fleet management soft-
ware.

Above plus: longitudinal
vehicle control including
vehicle separation de-
t8&fmnwayaidecommu-

; braking Sys-
tem development; sys-
tem integration.

Establish system require-
ments; determine feasi-
bility of: longitudinal
control; braking and
propulsion; collision
protection; vehicle fleet
control.

Development, Very
low.

urban imple-
mentation, 3
to 5 years.

Development, Moder-

urban imple “
mentation;
3 to 6 years.

Development, High.
3 to 5 years;
urban imple-
mentation,
4 to 7 years.
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APPENDIX A

BIOGRAPHIES OF MEMBERS OF THE PANEL ON OPERATION AND
TECHNOLOGY

Robert A. Makofski
Manager, Urban Transportation Programs
Applied Physics Laboratory
The Johns Hopkins University
Silver Spring, Maryland

Mr. Makofski has been involved in the research and development of automated
transit systems since 1963. This work has covered a broad spectrum of technology
in automated systems with emphasis on the command and control aspects of these
systems. He is also a Senior Research Associate of the Center for Metropolitan
Planning and Research of the Johns Hopkins University.

Richard H. Donlon
Director of Operations
Transportation Technology Division
Otis Elevator Company
Denver, Colorado

Mr. Donlon has 24 years of experience in a wide range of advanced technologies
with emphasis on technical program management, engineering, and research. He
has devoted the last seven years to the development of advanced automated
vehicle transit systems. Mr. Donlon was a founder of Transportation Technology,
Inc.

Eugene Jones
Senior Vice President
Frederic R. Harris, inc.
Stanford, Connecticut

Mr. Jones has been involved in the planning and design of transportation
facilities for over 25 years. He serves on the Board of Directors of Northeast
Utilities, the State National Bank of Connecticut, and the Stanford Area Com-
merce and Industry Association. He was Chairman of the Committee on New
Towns and Urban Development for the Consulting Engineers Council.

Thomas McGean
De Leuw Cather and Company
Washington, D.C.

Mr. McGean provides technology and system engineering support on a nation-
wide basis—most recently including studies of transit alternatives for the Twin
Cities, Denver and Santa Clara. Prior to joining De Leuw Cather, he was involved
in numerous major federal transportation programs including tracked air cushion
vehicle research, the TRANSPO ’72 People Movers, Dual Mode, the Rapid
Rail Research Program and the HPPRT program.

David R. Phelps
Director of Systems Technology
Transit Development Corporation, Inc.
Washington, D.C.

Mr. Phelps is responsible for the management of funded programs and offers
technical direction in providing work scope for proposed programs. He was
previously with GE where he was Manager of Development Engineering and
Systems Engineering. He was responsible for advanced preliminary design and
proposal activity on transit and commuter rail car design. He received a BSEE
with honors from Lehigh University and is a registered Professional Engineer.
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The Port Authority of New York and New Jersey
ONE World Trade Center
New York, New York

Mr. Spinwebber has served as Supervisor of the Ground Transportation
Projects Section since 1972. He has a BS Degree from Pennsylvania State Uni-
versity, MS Degree from Stevens Institute of Technology, and is a licensed
Professional Engineer and Planner. He is responsible for planning, developing,
and implementation of all ground transportation projects for Kennedy and
La Guardia Airports, including rail access, bus programs, and automated passenger
and baggage handling systems.

Dr. Vukan Vuchic
Department of Civil and Urban Engineering
University of Pennsylvania
Philadelphia, Pennsylvania

Dr. Vuchic holds a diploma from the University of Belgrade, master’s and Ph. D
degrees from the University of California (Berkeley). In addition to his academic
work he has been consultant to many firms and to the U.S. Department of
Transportation. He has lectured at a number of universities, professional and
public forums and published over 30 professional papers here and in Europe.
His specialties are urban transportation systems, public transportation, urban
and national transportation policy.



APPENDIX B

OPERATION AND TECHNOLOGY PANEL QUESTIONNAIRE
Your response to the questions given below are solicited by the Operations

and Technology Panel to aid in their deliberations. Due to the short time avail-
able to the panel, a response by February 10 would be appreciated.

To provide a basis for responding to the questions, the automated, fixed guide-
way transit systems under consideration have been classified as: Loops and
Shuttles, Group Rapid Transit, and Personal Rapid Transit. A brief description
of this classification is given in Attachment A. It should be noted that the em-
phasis of this classification has been placed upon driverless, self-propelled vehicle
systems that employ exclusive rights-of-way.

In responding to these questions, please cite or, if possible, supply documenta-
tion that would assist the panel in its work.

Q U E S T I O N S

1. What do you foresee as the potential urban transportation role, if any, for
the automated, fixed guideway systems described in Attachment A? What service
attributes, operational modes, and life cycle cost advantages must these systems
possess to fulfill that role? Life cycle costs are taken as being the total capital
and operating costs over the useful life of the equipment including labor, material,
energy, replacement parts and maintenance.

2. Can these service attributes be provided by modifying or upgrading current
urban transportation systems? What advantages, disadvantages, and risks would
accrue from such an approach?

3. Based upon cost considerations and upon the service attributes and opera-
tional modes described above what range of trip demand densities can these
systems be expected to serve?

4. The Group Rapid Transit Concept is often considered to be a retreat im-
posed by technological considerations from the Personal Rapid Transit Concept.
However, the Group Rapid Transit, concept does appear to have considerable
flexibility in \’chicle size, in ability to train vehicles, in providing scheduled or
passenger-actuated operation, and in possibly being able to provide Personal
Rapid Transit capabilities in off-peak hours. How can the potential service
capabilities of the Group Rapid Transit concept be exploited? Can the same
service be provided by conventional means in a more “cost-effective” manner?

5. The automated systems currently being considered employ driverless, self-
propelled vehicles operating on a fixed and exclusive guideway. Can lower capital
cost systems (cost per route mile) using less complex technology be devised that
will provide a level of service better than that of current transit? How would the
operating cost and life cycle cost characteristics of such an approach compare
with the automated guideway alternatives? Please provide details on how such an
approach may be implemented and the level of service to be achieved.

6. In your view, what is the development status of systems described in Attach-
ment A, particularly in the category of the Group Rapid Transit? What additional
development should be performed to assure successful large scale urban deploy-
ment? It is appropriate to express such development requirements in terms of
procedures, time. and cost to reach the stage at which prototype technology
can be implemented at an acceptable risk to the community, assume an urban
system consisting of 150 to 200 miles of one-way guideway, 60 to 70 stations, and
2,000 to 2,500 vehicles. An urban system of such scale would necessarily be imple-
mented in an incremental fashion.

7. Given a limited level of R&D funding, should the priorities be placed upon
continuing the development of systems currently undergoing prototype develop-
ment and testing or on advancing the technology to improve the performance,
service level, and cost characteristics of these systems.

8. For the classes of systems given in Attachment A, identify the R&D require-
ments that are critical to the eventual development of these systems and that
will have a major impact on the capital and operating costs. Estimate the cost
and time of developing a solution to each of these requirements.
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9. What are the reliability requirements that must be imposed upon the systems
described in Attachment A for these systems to provide a viable urban service?
How can these requirements be attained and at what cost?

10. One of the long standing controversies regarding automated systems is the
need and safety of short headway operation. From a technological point of view,
what are the major development requirements, time, and costs to develop proto-
types of systems capable of operating at headways of 20 sec., 10 sec., 6 sec., 3 sec.,
1 sec., and 0.5 see?

11. What is your estimate of the current status of software development for
the management of the fleet of vehicles? What are the critical development areas?
How much of this development can be performed independent of site-specific
applications?

12. Would the development of these systems be helped or hindered by establishi-
ng standard sets of specifications for these systems?

13. The systems described in Attachment A implicitly assume a large portion
of elevated guideways in urban areas. Inevitably the question of guideway
esthetics and intrusiveness and of public acceptance becomes of critical importance
to the eventual development of these systems. Studies in cities such as Minneapolis
suggest that guideway locations along freeways, railroads, and certain major
thoroughfares may be acceptable but that locations in residential neighborhoods
may not be acceptable. From both technological and environmental-architectural
points of view, what can be done to improve the acceptability of the aerial struc-
ture to the community, particularly in residential and semi-residential neighbor-
hoods? What impact will such changes have on cost? Will the need to locate
guideways for public acceptance seriously hinder the operational modes and
service capabilities of these systems?

14. There has been considerable discussion on how the development of these

T
ds stems should be funded and who should set the standards an specifications.

he federal government presently controls the market by control of capital grant
funding. What should be the role of the federal government? Should the federal
government sponsor prototype development and depend on industry and the
transit authorities to take the prototypes to production status? Should the federal
government set standards for the different system applications?

15. Please supply additional information or statements that you believe would
be of use to the panel.

A U T O M A T E D  G U I D E W A Y  S Y S T E M  D E S C R I P T I O N

A brief description of the system classification employed in this questionnaire
is given in the table below. It is recognized that the relation of the system descrip-
tion to the passenger service concepts are not based upon a 1: 1 correspondence.
Rather, the classification is to be used as a basis for responding to the questions.
Alternative classifications are welcomed.

The possible overlap in system classification and the wide variety of tech-
nological and service options are recognized but are not included for simplicity
of presentation. Two GRT concepts are given to reflect differences in current and
future technological developments.

Some of the terms employed in the table are given below:
Single-party occupancy ---- _._.  -- Vehicle occupied by 1 or more passen-

gers traveling as a grou from the
d

Multiple-party occupancy- -----------
same origin to the same estimation.

Vehicle occupied by 2 or more un-
related parties.

Routing capability ----- -------------- Determines if network employed per-
mits a choice of 1 or more routes
from origin to destination under
normal operating conditions.

Special purpose circulation--- - _ _ --- _ -- Limited network or guideway layout
that may be employed for special
purpose movement of people such as
at airports, universities, amusement
parks, etc.

Collection, circulation, and distribution- Implies a more extensive network
application such as in CBD’s, large
airport complexes, major activity
centers, etc.



ATTACHMENT TO APPENDIX B
AUTOMATED GUIDEWAY SYSTEM CHARACTERISTICS

Vehicle Inter-
occu- mediate Station Routing

System Characteristics pancy Service mode stops Transfers location capability Possible application Example

Loops and
shuttles.

Personal rapid
transit.

Generally larger vehicles (site Multiple
dependent); moderate head- parties.
ways (~1 min.+); switching
not normally employed m pas-
senger service.

Bus-sized vehicles (20 to 40 . . do-----
pass.); moderate headway
(-15. sec. +).

Somewhat smaller vehicles (~12 -.. do- 
ass.); short headway (-7.5
sec. +); rapid switching capa-
bility at line speeds; requires
advanced technology.

Small auto-sized vehicles; short Single
headways (<1 sec. +); re- parties.
quires advanced technology.

Generally sched-
uled but may
operate only in
response to ob-
served demand.

Probably sched-
uled although
demand respon-
sive service
possible.

Both passenger-
actuated origin-
destination
service and
scheduled
operation.

Origin-to-destina-
tion, passenger-

service.

Yes- . . . . . . Yes . . . . . . On-line - -. None ------

Possible--- Possible--- Off-line Limited al-
and on- ternative
line. routing.

.--do ------ -.-do ------ Generally ---do------

No-. . . . . . . No-------- Off-line --- Alternative

available.

Special purpose circu- Tampa Airport;
lation; feeder; collec- - Sea-Tac Air-
tion, circulation, and
distribution; possi- Field; etc.
ble line-haul appli-
cations.

.- ..do ---------------- Dallas/Fort
Worth “Air-
trans”;
Morgantown.

Above; possible re- HPPRT
gional application. (UMTA).

Collection, circulation,
distribution;

regional application
over extensive net-
work.

w

1



APPENDIX C

LIST OF QUESTIONNAIRE RESPONDENTS
Given below is a list of respondents to the questionnaire of Appendix B as of

April 1, 1975. The panel wishes to thank these respondents for their aid and
interest in this effort.

1. The Aerospace Corporation, Harry Bernstein, Los Angeles, California.
2. Alan M. Voorhees & Associates, Inc., Thomas B. Deen, McLean, Va.
3. Alden Self-Transit Systems Corporation, William L. Alden, Milford, Mass.
4. American Public Transit Association, John B. Schnell, Washington, D.C.
5. Applied Physics Laboratory, W. H. Avery, Silver Spring, Maryland.
6. Battelle Memorial Institute, Roger L. Merrill, Colombus, Ohio.
7. Bendix Aerospace S stems Division, T. T. Trexler, Ann Arbor, Michigan.
8. Boeing Aerospace Company, A. E. Hitsman, Seattle, Washington.
9. Department of Transportation, E. L. Tennyson, Harrisburg, Pa.

10. Department of Transportation, Charles E. Zen, Sacramento, California.
11. Dallas/Fort Worth Airport, Donald J. Ochsner, Dallas, Texas.
12. Ford Motor Company, Russell F. Thielman, Dearborn, Michigan.
13. General Railway Signal Company, Peter M. Kirk, Rochester, New York.
14. Honeywell Systems and Research Center, Nell C. Sher, Minneapolis,

Minnesota.
15. IBM Corporation, J. F. Obendorfer, Gaithersburg, Maryland.
16. Kaiser industries Corporation, Farrel L. Schell, Oakland, California.
17. LTV Aerospace Corp., C. R. Hickox, Dallas, Texas.
18. The Mitre Corporation, Reed H. Winslow, McLean, Virginia.
19. Otis Elevator Company, E. K. Latvala, Denver, Colorado.
20, Princeton University, Alain K. Kornhauser, Princeton, New Jersey.
21. Frank C. Smith & Associates, Frank C. Smith, Dallas, Texas.
22. Southern California Rapid Transit District, Richard Gallagher, Los Angeles,

California.
23. Transportation Research Board, Wm. Campbell Graeub, Washington, D.C.
24. Tri-State Regional Planning Commission, J. Douglas Carroll, Jr., New York,

New York.
25. West Virginia University, Samy E. G. Elias, Morgantown, West Virginia.
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APPENDIX D

LIST OF NONPANEL MEMBERS ATTENDING FEBRUARY 18, 1975
MEETING OF THE PANEL ON OPERATIONS AND TECHNOLOGY

1. Dr. Harry Bernstein, Aerospace Corporation, El Segundo, Calif.
2. Mr. Charles Broxmeyer, Urban Mass Transportation Administration, De-

partment of Transportation, Washington, D.C.
3. Mr. Eugene J. Hinman, Johns Hopkins Applied Physics Laboratory, Laurel,

.
4. Mr. Robert Macguire, Tampa Airport Authority, Tampa, Fla.
5. Mr. Robert C. Milner, Boeing Aerospace Corporation, Seattle, Wash.
6. Mr. George Pastor, Urban Mass Transportation Administration, Department

of Transportation, Washington, D.C.
7. Mr. Frank C. Smith, Frank Smith and Associates, Dallas, Tex.
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