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The Intelligent Transportation Network System (ITNS) is
totally new form of public transportation designed to@ar.
vide a high level of service safely and reliably over an
ban areaof any extent in all reasonable weather catidns
without the need for a dr
minimizes cost, energy use, material use, land ,uaad
noise. Being electrically operated it does not emit cart
dioxide or any other air pollwant.

This remarkable set of attributes is achieved bperating
vehicles automatically on a network of minimum weigl
minimum size exclusive guideways, biopping only at o
line stations and by usg light-weight, sub-compactauto-
sized vehicles.

With these physical charaetistics and in-vehicle switching
ITNS is much more closely compalble to an expressw

on which automated automobiles would operate tharthe
scheduled, alstop serviceof busesand trains. We now
call this new system ITN$ather than High-Capacity Pe-

sonal Rapd Transit/i a designation coined over 35 yea
ago.
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An Intelligent Transportation Network Systen
Rationalé, Attributes, Status, Economics, Benefitsand
Courses of Study for Engineers and Planners

J. Edward Anderson, PhP.E.
PRT International, LLC
Minneapolis, Minnesota 55421 USA

1. Introduction

In their bookThe Urban Transport fisis in Europe and North Americdphn Pucher and
Christian Lefévre, discussing only conventional transportation, concluded vetlrith asses-
ment : AThe future | ooks bleak both for wurban
polluton,and reduced accessibility. o

In the reportMobility 2030: Meeting the Challenges to Sustainability, 2694he World
Business Council for Sustainable Developmeminy.wbcsd.ord, which was adorsed by the
leaders of major auto and oil companies, the @stlsite grim pojections of future conditions
but no real hope for solutions.

C. Kenneth Orski, in hijmnovationBr i ef s f or Nov/ Dec 2006 rep
report Commuting in AmerigaTransportation Research Board, 2006, which concludes that
Adw ng al one to work contdisrhimegx tde ciln mreeda e, & . b
transit currently accounts for 4. 6% oelnet he tr
. . . a reality check for those who claim to see a trenddar d O wal k a b léeeOrkg®do mmu n i
goes on t ootonyps@aoptlatidn ldispersing,nt is dispersing farther and farther out,
|l eapfroggi ng ov &hismeans nsote idrivigg asduiivimg ldnger distances.

In spring 1989 | was formed that during a luncheon attended by a Northeastern lllinois
Regi onal Transportation Aut hor WegannotRdlve the Chai r
problems of transportation in the Chicago Area with just more highways and morentional
rail sysems. Ther e must be a rocket scientist i-out th
nois Legislative Act that established nthe RTHA
courage experimentation in developing new pub

The new idea they needed wasledHigh-Capacty Personal Rapid Transit (PRT)Yhe
bestof all versiors that had been developsdshown inFigure B. It wasdeveloped by rocket
scientists at The Aerospace Corporati@iween 1968 and 1972][1We now callthe new sg-
temITNSto distinguish it as a type of automated highway rather than as a type of transit-
er, the generic name APRTO -tiarsit cdlitere.p March 2066b e d d e d
European Union Report coluded N T hradl aseegsment shows vast EU potential of the i
novative PRT transportco e p .0 [ 2



In April 1990 the RTA issued a request fopposals for a pair of $1.5 million Phase |
PRT design studies. Two firms were selected and after the studies were edritipeRTA e-
lected my desigran update of th@erospace systenfior a $40 million Phase Il PRT design and
test program. Unfortunately, that program was not directly successful, not due to any flaw in the
basic concept, budueto the lack of deep unddending of it by the lead engineessd their
manages. There is more and more evideriodaythatI TNSwill solvemany urban problems.

2.The Problems to be Addressed

A Increasing congestion

High and rising oil prices

Global climate change

Many peple killed or injured in auto accidents
People who camot, should notor prefer not talrive
The lack of a serious alternative to the auto
Excessive land use for roads and parking
Excessive energy use in transpban

Road rage

Terrorism

Excessive spraw

Large transit subsidies

Too T oo Too To Too To o T Do I

3. Requirementsf theNew System

To address these problems, a newsditssystem must be

A Low enough in cost to recover all costs from fares and other revenue
Highly efficient goeration with renewablenergy sources

Time competitive with urban auto trips

Low in air and noise pollution

Adequate in capacity

Visually acceptable

Low in material use

Low in energy use

Low in land use

Safe

Reliable

Comfortable

Expandable without limit

Able to attract many riders

Available at all tims to everyone

An unattractive target for terrorist attacks

Compliant with the Americans with Disabilities Act

Operational in all kinds of welagr, except for extremely high winds

Too To Too Too To Too T o To To Too T o T To o To



These and other requirements are discussed in Appendix A.

4. Derivation ofthe New System

It will not be possible to reduce congestion, decrease travel time, or reduce accidentsgy pla
one more system on the streetthe new system must be either elevated or undergroumd. U
derground construction is extremely expensigethe dominant emphasis must be on alen.

This was understood over 100 years ago in the construction of exaj;usdeway rail systems

in Boston, New York, Philadelphia, Clevelani = - .

and Chicago. A seriousconcern though,was
the size and cost of éhelevated structuresiVe
have found that if, as illustrated Figurel, the
peoplecarrying capacityis distributed in many
small units, practical now with automatic nzo
trol, rather than a few large ones, and by tak A
advantage of lightveight construtton practical ”’"k
today, we can reduce guideway weight per ug
length by a factor of at least 20:1! This emer <8 ;
ous difference ishe fundamental reason for thé SRR
low costof thesystem that has been called PR

Figure 1. Guideway Weigtand Size.

Oﬁhand It IS Common to assume tha'tCostperunitofDesign Capacity of Various Transit Vehicles
there must be an economy of scale, i.e. the cost
of large vehicles per unit of capacity must be
lower than the corresponding cost for smadt v. |«
hicles. Examination of the data iRigure 2
show, howeer, hat this is not so. Each point i
Figure 2represents a transit systemvith the
costs norrdlized to take into account inflation &
While there is a great deal of scatter, we see that| * e .
a line of best fit is close to horizontal, i.ee- e o
hicle cost per unibf capacity is independent of ~ ° =« o e ww e e e e
capacity.

t

t/DesigRiapaci
[ ]
*

Figure 2 Vehicle Cost per Unit Capig

With this finding in mind consider the cost of a fleet of transit vehicles. The cost of the
fleet is the cost per unit of capagitpughlya consant, multiplied by thepeoplecarryingcapac
ty needed to move a given number of people per unit of time. The major factor that determines
the required peopkearrying capacity is the average speed. If the average speed could be
doubled, the number of kieles required to move a givenmber of people would be cut in half.
The greatest increase in average speed without segeather costs is obtained by arranging the
system so thatvery trip is nonstap The trips can be mstop if all of the statiom are on bypass
guideways off the main line as shown in Uig3.



5. Off-Line Stations are the Key Bighrough!

Figure 3is a picture of a portion of a model PRT system built during the 1991 Chicag®®RT
sign Sudy. It showsthe sinplest type of offline station, in which there is single4pass guid-

way and the vehicles line up in tandem in a sepa
of two to about 15 berthsA number of athors
have estimated the capacity of such stationsein
hicles per hour as a function of tmember of |
berths [], [3].}

The advantages of oefine stations &

A Off-line stations minimize the fleet sizj
and hence the fleet casecause they ma &
imize the average speedThis was ds- § §\
cussed in Section 4.

Figure 3. An Of-Line Station

A Off-line stations permit high throughput with small vehicles. To see how this can be so,
consider driving down a freeway lane. Imagine stopping in the lane, letting one person
out and then another in. How far behind would the next vehale to be to make this
safe? The answer is minutes behind. Surfacel streetcars operate typically 6 to 10
minutes apart, and exclusive guideway rail systems may operate trains as close as two
minutes apart, whereas on freeways cars travel secqads and often less than a
second apart. An example is given in Section 8.

1 Off-line stationswith small, autesized vehicleghus give the systena line capacityat
least equal to a freeway lane. Swaatapadcty or maximum throughpytermits the use of
small guideways, which minimize both guideway cost and visual impact.

1 Off-line stations permit nonstop trips, whiatinimize trip time and increase thatrac-
tivenesof the trip.

A Practical use of the nonstop trip meang tha average waiting time for a second party is
generally too long to be of interegtience the trip is taken either by one individual or by
a small party traveling together by choice.

A Off-line stations permit the vehicles to wait at stations whenaheyot in use instead of
having to be in continuous motion as is the case with conventional transit. Thus, it is not
necessary to stop operation at niglsivice canbe available at any time of day or night.
Moreover, compared with conventional schedy altstop service, the amount of travel

1 To allow for the case in which omarty takes an extraordinary amount of time to enter or exit a vehicle, some PRT designers
have designed stations in which each parked vehicle can enter or exit the station independent of other vehicles. r¥hree facto
cause us to tmmmend against suchasibns: 1) Due to interference, the throughput of these stations is disappointing, 2) these
stations require much more space and cost much more than thebsipgiss design, and 3) because elderly or disabled people
generally avoid the busiest hours, Hitistical average peak flow will not be much decreased by the occasional presence of such
persons. If system studies show a need for such stations, there is nothing in our design that would prevent us from including
them.
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per seat per day reduces by more than a factor of two, which reduces the operating cost
by about the same amount.

A With off-line stations ltere is no waiting at all in offeak hours, and during the busiest
periads emptyvehicles are automatically moved to stations of need. Computerasimul
tions show that the peaderiod wait will arerage only a minuter two.

A Stations can be placed closer together than is practical with conventional rail. With co
ventional rail in which the trains stop at every station, the closer the station spacing, the
sloweris the average speed. So to get more people to ride the system, the stations are
placedfar enoughapart toachieve araverage speeddged to be acceptableut therri-
dership suffers because access is sacrificed. The tradeoff is between speed aifid access
getting more of one reduces the other. Withliok# stationsthe system provideloth
high average speed and good access to the community.

A Off-line stations cabe sized to demand, whereas in conventional rail all stations must be
as long as the longest train.

All of these benefits of offine stations lead teubstantialljjower cost and higher ridehip.

6. The Attributes of TNS

A system that will meet theequirement®f Section 3 will have

Off-line stations

Minimum-sized, minimum weight vehicles

Adequate speed, which can vary with the application and taidodn a network
Fully automatic control

Hierarchical, modular, asynabirous control to perinindefinite system expansion
Dualredundant computers for high dependability and safety

Accurate position and speed sensofso d a y 6 s aresneuohsmmne saccurate than
neeckd

Smooth running surfaces for a comfortable ride

Rubber tired wheels fouspension to minimize guideway cross section and weight.
All-weather propulsion and tkiag by meansf linear inductiormotors

Switching with no moving track parts to permit-transfer travel in networks
Small, lightweight, generally elvated guidewasy

Guideway suppofpost separations @it leas0 ft (27 m).

Vehicle movement only when trips are requested

When trips are requested, empty vehicles are rerouted autahyato fill stations.
Nonstop trips with known conapions or alone

Propulsive pwer from dual wgside sources

Well lit, televisionsurveyed stions

Planned & unplanned maintenarveghin the system

Full compliance with the Americans with Disabilities Act

Too Joo Too To Too Too To o Too To o To To T Do To Do o To Do
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7.The Optimum Configuration

During the1970s | accumulated thist of 37 requirementd$or design of a PR guideway
given in Appendix A As chairman of three inteational conferences dPRT,| was privileged
to visit all automatedransit work on this planet e r TR L UL E il
talk to the developers, and observed avateade
both the goodand the bad featuresThe require-
mentslisted in Figure 4 are the most imptant,
and, fom structural analysig5] | confirmed The
Aerospace Cor po thattthe min 6
mumweight guideway, taking into account 15(
mph crosswinds and a maximunertical load of
fully loaded vehicles nost-tail, is a little narrov-
er than it is deep. | compared haging, side
mounted, and tomounted vehicles and found ten
reasons to prefer tamounted ehicles [6]. Figure 4.The Optimum Corifuration

3 x3
* No Moving Switch Parts

* All Weather

» Safe

* Smooth Ride

* Good Appearance

* Durable

* Modular

* Light Weight

* Accessible for Maintenance

Such a guideway has minimum visuadpact. It hasminimum weightif it is a trussas
shown inFigure § which isscaled tgosts 90 ft apartThe double vertical line indicates the |
cation of an expansion jointA stiff, light-weight truss structure will have the highest natural
frequency which results in the highesbmfortablecruising speed. lvill be most resistant to
the horzontal accelerations that result from an earthqudkg using robotic weldingt will be
leastexpensive tananufacturetransport and erectThe analysisreported in $] has produced
the propertieseead to meet all requirementsl observed over decades that whenever a PRT
program died, and there have been many of them, the major reason looostl @ways be
traced to a problem with the guideway design. | thus addressed that problem in a paper [30] that
| presented at the 2009 APM Conference. In the paper | tried to point out in the limited space |
was allotted that the design of a PRT guidgwequire a much higher level of system enginee
ing than is apparent in thesigns that have failedin the papel give the abovanentioned e-
guirements and also 19 design critevidich are included in AppendB.

)

LAAA1}IN]

LN

Figure 5 A Low Weight,Low-Cost Guicdway

The Americans with Disabilities Aatequiresthe vehicle to be wide enough so that a
wheelchair an enter and face forwardith room for an attendant Such a vehicle is wide
enough for three adults to sit sibdg-side and for a pair diold-down seats in front for small
people making it a fiveperson vehicle Such a size can also accommodate a person and a b
cycle, a large amount of luggage with two people, a balage plus two adults, etc/][ See
Figure 7.



As shavn in the figure on the cover and Figutethe guideway will be coved. Aslot
only four inches wide at the top persiihe vetical chassis tgpassand a slosix inches wide at
the botom permits snow, ice, or debris to fall throughWe havedesigned and tested a plow that
can be attached at the bottom of the chasEle plow is angled in such a way that any snow or
other debris on the running surfaces will be thrown down the slot between the pair-ahgteel
running surfaces.The coves permit the system to epate in all weather conditions. They-
nimize air drag, prevent ice accumulation on the power rails, prevent differential thermal expa
sion, serve as an electromagnetic shield, a noise shield, and a sun shield, permit ac@ass for
tenance, and permit the external appearance to beewdnahe local communitwishes. The
covers enable the system to meet nine ofjthidewaydesignrequirements They will be man-
factured from composite material with a thin layer of aluminumygmtaon the inside surface to
provide eletromagnetic shielding.

Figure 6, in which north is to the left, shows how PRT could begin to serve a portion of
Downtown Chicago. The PRT guideway is shown in red.

Persol Rapid Transit Chicago Loop and Lakefront Circulator Conceptual Network Layout

Figure 6 An Application inDowntownChicago
8. Control

Control of PRT has been investigated at many organizations since the 1960s. Idrave pu
lished [4] a bibliography of papers on control of PRT that have been useful as we hdve deve
oped the control system f6FNS My detailedpapers related to control are listed j115] and
may be found with other papers @amww.prtnz.com The ITNS control hardwareconsistsof
computerssensors, and a communications medium

8.1 Computers

All computersin ITNSar e dual redundant , whi ch means
pairs of computers. The outgudf each pair of computers atempared 20 times a second, and
likewise the common outpsibf the two pairs areompared 20 times a second. Any errex d
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teded causes the vehicle to be directed to a maintenance shop directly upon completing its trip.
With this arrangement the mean time between serious events is extremely long, longey-than an
one will believe without checking the calculatidi2]. The metlodology| used was latained

from Boeing papers developed during their work on AG&RT

Three types of computeese needed for vehicle contralomputerson vehiclescompu-
ers atstrategicwaysidelocations and a central computer. Each section oflgwiay is managed
by a wayside computer called a zone controller. There wifitdgon zones, merge zones,
verge zonesand line zones The zone controllers command specific sarers to specificer
hiclesas neede@dnd eachindividual vehicle computerespond to these commandsThe ma-
thematicsneeded to command eveoye of themaneuvera vehicle can make has been worked
out by several organizationsThese maneuvec®nsist ofmovingfrom one speed to another, for
examplefrom a station to line speedlipping a certain distancelative to another vehickehead
on the other legpfamer ge, and stopping in a-ggncongdfersdi st an
the position of a vehiclean be controlle@lmostas closely as we can measure it, whichus
stantially closer than nessary.

Each zone controller provides the ligpeed signal in its domain. If anything goes
wrong, it removes the speed sighalvehicles behind the failed vehiclehich causes theev
hiclesbehind the failed vehicl®o dow to creep speed slow enough to be safe but fast enough
to given the passengers confidence that they will soon enter a stéfitan a vehicle reaches a
maneuveicommand point, the zone controller transmits the appropriate command maneuver to
that velicle, and the vehicle controller causes the vehicle to follow the required time sequence of
positions and speeds. The zone controller calculates the same maneuver sequentially for each
vehicle in its domain and c o sppedbs @lmsisifarcoreei t h t h
tive action if necessaryAdjacent zone controllers conunicate with each other.

The central computer optimizes recycling of empty vehicles, balances traffic in certain
conditions, and accumulates data on the performancesadystem. The data rates, computer
speeds, and memory needed are well within the

8.20n-Board Position and Speed Sensing

The position and speed of each vehicle is measured on board each vehicle by means of
digital encoers placed in the main bearing of each of the four wheels. Averaging the left and
right ouput gives the correct measurement in curves. Having encoders in both the fore and aft
wheels provides redundancy. These encoders register at least 4096 puisesiy@on, or with
the 336.6 mm (3.2%) OD tires we plan to usgbout0.26 mm 0.01®) per pulse. With thisa
curacy, experimental evidence has shown that we can differentiate to obtain accurate apeed me
surements. Jfhowever,the assumed OD agin error by say 1%, the distance measurement
would be in error by 1%. Thuas discussed in Section 8vge will calibrate each vehicle as it
leaves a station by means of fixedgneticmarkers. In this way we will know the position of
each hicle to an aagracy of less tha@5 mm @ne inch).
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8.3Wayside Position and Speed Sensing

The position and speed eachvehicleis measured by suitably placed pairs of wayside
markers. When a vehicle reaches the first marker, a [g8s@at to the cognizant wage can-
puter, whichdetectsts positionat that time When the vehicle reaches the second of the pair a
knownand shortlistance aheadtby measuring the time intervhetween markense determine
speed.We can measure the time interval to an accuraeyfetv nanosecongdwhich means that
we measure speed to less than one part in a miilleell better than needed.

8.4 Independent Backup Emergency Control

While the dual redundant system described is extremely reliable and the software to run it has
been checked hundreds of times with different inputs and no errors, we must assume that some
unknown dangerous situation could occur. Thus a completely independent backup centrol sy
tem is provided by sensing the inrterhicle spacing by means of a sonasteyn that provides

signals ndependently to the LIMs and to the emergency brake, thus further extending the mean
time for incidents that may result in an undesired incident. The emergency brake is also the
parking brake and is activated and checked etmery a vehicle stops.

8.5 Communication

Each vehicle will be equipped with a transmitter and a receiver capable of sending info
mation to and receiving information from a leaky cable placed on the inside of the guideway.
We prefer this method to GR&anly because GPS will be affected by solar stord®. [ The
zone catrollers similarly talk to and from the cable. Such cables are commercially available.
This type of communication is completely secure and cannotdrdared with by hackers.

8.6 Thestate of the art of modern safatsitical, realtime control systems.

Today, computers routinely land airplanes on aircidtrier decks. Our computers-r
spond to and correct speed and position two hundred times per second. Theemstive use
to measure position and speed are much more accurate than we need. Wayside zdleescontro
monitor the motion of each vehicle at least 10 times each second. Code has bkgreddue
control any number of vehicles in networks of any size or configmati®ur vehicle has very
few moving parts. The switch has novimg parts in the guideway. Our motors have no moving
parts. Our motors, motor controllers, sensors, and pswaply systems are recllant, meaning
that a single failure is not noticed Hbyetriders. Our computeras mentionedare dual reduo-
dant, which means that each of thelow ar d and waysi de Acnpuigsut er s o
If one computer aboard a vehicle fails, the vehicle continues to its destination on the geod co
puters, dops off its pass®ers, and then proceeds empty to the maintenance shop, all within a
few minutes. If, even with all of this redundancy, which is remarkably inexpensive today, a v

23 . E. Ander spnof iBRMeSHMsk ®ari on Programs, o 2008, WWW. prtnz.c
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hicle should stop on the guideway away from a station, the vehicle behirmbfivengage and
push it to the next station.

Today, at any one time, there are as many as 80,000 aircraft operating in the skies over
the United States. They operate most of the time under automatic control with air tratfiat co
systemsat thevarious airports keeping track of dozens of aircraft by using computers to track
each aircraft. This is muchmore sophisticated operation than needed with PRT and goes on
every day in a system in which a failure means loss of an aircraft and alpatgagers. The
bottom line is that the control of PRT vehicles safely and reliably is well within the current state
of the art.

9. System Features Needed to achieve Maximum ThroughpwbReadind Safely

The features needed are illustrated in Figure 9.

1. All weather operation: Linear inductionators (LIMS) provide alweather acceleration
and braking independent of the slipperiness of theing surface.
MAXIMUM SAFE FLOW DEPENDS ON:

2. Fast reaction time: LIMs reautithin a few §
MEANS of TRACTION

milliseconds. Hman drivers reacin be- PRICTION v, ELECTROMAGNETIC
tween 0.3and 1.7 seconds. The -board R aeymass

computer updates position and speed 2 BRAKING TIME

WHEELS va, LiMs

times per second. VEHICLE LENGTH s
i i . ,,]::—'" ) WK .‘ - -;,
3. Fast braking: Even with automatic oger
tion the best that can be done with mechasssS== oo ——
cal brakes is a braking time of about 0.5 Sgu— T E——

whereas LIMs brake in a few milléconds.
Figure 9. How to achieve maximum safe flow.

4. Vehicle length: A typical auto is 15 to 16 feet long. AiNSvehicle is only nine feet
long.

These features todwr result in safe operation at fractiosakcond headways, and thus
maximum throughput of at least three freeway lanes [11], i.e., 6000 vehicles per hour. During
the Phase | PRT Design Study for Chicago, extensive failure modes and effects analysis [12],
hazards analysis, fatitee analysis, and evacuatiandrescue analysis were done ss@e the
team that operation of the system would be safe and reliable. The resulting design has a min
mum of mwing parts, a switch with no moving track parts, asdsudual redundant computers
[13]. Combined with redundant power sources, fal#rant software, and exclusive geid
ways; studies show that there will be no more than about three gevaonof delay in ten the
sand hours of operation [14]. A methdtb] for calculating the mean time to failure of each
component of the system that will permit the system dependability requirement to be nret at mi
imum life-cycle cost hsbeendeveloped and used during thesigin process.
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10. Is High Capacity Possiblgith Small ehicles?

Consider a surfaekevel streetcar osoc a | ligatdailosystem. A typical scheduleefr
guency i minutes or 10 trains per hour The new Alight o upt®200
people. With two-car trains the systemtiencan movea maximum of400 people every 6 im
nutes. A highcapacity PRTor ITNS system can operate with a maximum of 120ieles per
minute or 720 in 6 minutes carrying up to five people per vehicle. Howewem, withonly one
person per vehicle, TNS system would carry 720 people in 6 minutes, whicB(% more
than the number of people per hdight rail can cary. Since the lightail carsin a whole sg-
temarevirtually never full,ITNShasan even higher throughput margin over a hgdit system.
A comprehensive discussion of the throughput potentidT RS lines and sttions is given in
referencd8§].

In 1973 Urban Mass Transportation Administrator Frank Herringer tofd) Coe s s

cars

t hat
high-capacity PRT could carry as many passengeara raid rail system for about one quarter

the capital & dNstwitbstaridmeetieat thisi pppouneemeént was backed up by the

work of a competent R&D staff, iesffect was to ridicule and kill a budding federal HCPR®-pr

gram. PRT was atbat to conventional systems, but was an idea that would not die. Wwork co
tinued at a low level, which is the main reason it has taken so long for PRT to mature, but now

with much improved techhogy. Today, 35 years later, computer memory per unit vellras

increased by a factor of% =185,000:1 and computer speeds have increased by a factor of
about 2000:1.Moreover, programming languages and computer design tools have matured ma

kedly. Certainly, the taskoday is much simpler.

Duringthe P9 006s the Aut omd
sortium operated four iff-long Buick LeSabres at
noseto-tail separation of seven feet at 60 mph or &
ft/sec on a freeway near San Diego [10]. Figushows :
six of the LeSabres running at short headvigce the - #=2 =1
minimum noseto-nose separation was 24 feet, thexm'
imum time headway or noge-nose time spacing wa:
24/88 or 0.27 second, which gives almost twice
throughput needed for a lar¢iENS system. The auo-
mated higpway program was monitored by the Nationsfe®
Highway Safety Board. Figure 6. Automated Highwayxgeriment.

Thus the 1973 UMTA claim was more than proven in the 19B@sause of problems
associated with automated highways that are elevant tolTNSthe USDOT did not continue

this program. ¥t the demonstration of such short headway is of majoifisignce forlTNS |
am very much aware that, notwithstanding the 1973 assertion of the UMT Aisidiator given
in Figure 7, automated transit has been reported to be restricted to headwayderdtsdn the

socal |l edwadlblroi chkeadway, which for urban speeds

some detail in Referendé@3]. Early PRT systems, which must be small, do not requird-hea

ways less than two seconds, so the bwell headwayis not an impediment to PRT devpio
ment. The ultimate safety criteria must be given in terms of injuries or incidentslioer miles

of operation. PRT must demonstrate that its rate will be well under that for modern rapid rail
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systems, and ourethiled studies show us that we will be able to do so and thus will be able to
confirm the 1973 statement of the UMTA Administrator given iguFé 7. Thus, at the present
time, the safety of fractionalecond headways need not be a subject of débate mustand

will prove it.

876

CURRENT OPTIMUM ITEADWAY ON PRT SYSTEMS

Mr. Conte, What is the present optimum headway capacity that
has been developed for PRT's?

Mr. Hermixagier. The shortest hendways demonstrated by a
federally funded PRT development were realized at TRANSPO
1972, Both the Ford and Monocab systems were capuble of 8 second
hoadways, German and Japanese high capacity PRT developments,
in the full scale prototype test phase, are siming for minimum head-
ways botween one-half and 1 second.

TARGET FOR HIGH CAPACITY PRT DEVELOPMENT

Mr. CoxTe, What areas are being investigated for purposes of
increasing the capacity of PRT systems and how far in the fulure
are the resulis and benefits?

Mr. Hegringnr. Higher eapacity will significantly improve the
cost cffectivencss of PRT as an urban transportation ul:uice. By
Increasing capacity, more revenue passengers can be carried on the
expensive guideway investment, thus improving eapital utilization.
A useful measure of capital utilization in a transportation system is
the system cost per langmile divided by the passenger capacily in
seats per lune mile per hour. This number is about S800 for a rapid
rail svatem and approximately $200 for an advanced high-capacity
PRT system. This means that :lx hi_gh-cugfucilv PRT could carry gs
many passengers as a _rapid rail system for about one quarter the
capiial cost. I would like (g introduce the following table in the record
to clarify These points:

[The following follows:]

CAPITAL COST COMPARISON BETWEEN PRT AND RAFID RAIL

Cost

(dollars per

apseity Cast 1ane mile

{seats per  (millions per per seal

System I2ne haur) lane heur) per kour)
Washinglos Melro (843 seat Urales, 120 5 headwsys). ... ... 19,500 5.2 180
Daifas Forl Werth “Airtrans’™ PRT (16 seat vehicles, 18 s headways). ... 3.200 L6 812
Plannnd PRT development (12 seat wehicles, 3 3 headways). . .. 14,400 Lo »0
High-capacity PRYT (4 seat vehicles 34 5 headways). 28,800 50 208

The table indicates that shorter headways permit high-capacity
operation with smaller vehicles, thus permitting essentially nonstop
service at all times,

UMTA recognizes the advantages of shorter headways to achieve
higher PRT capacities and better service. The planned PRT system
development program (for possible application in Denver) will achieve
headways in the 3-second range. This system will be available for
urban deployment in approximately 3 years, A DOT program leading
to the development of a short, one-half to one-second headway, high-
apacity PRT system will be imtiated in fiscal yenr 1974,

TSC'S AC PROPULSION SYSTEM

Mr. Conrr. What is the innovative a.c. propulsion system that
TSC plans to develop and test?

Figure 7 Page from th&974Congressional Record [9]
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11. How Does a Person U3ENS?

Figure D. Pick a Destination and Pay the Fare Figure 1l. Transfer Destination to Vehicle

As stown inFigure D a patron arriving at a station finds a map of the system in aesonv
nient lacation with a console belowThe gatron has purchased a card similar to a {digjance
telephone card, slides it into a slot, and selects a destination eittwardyng the stion on the
map or punchig its number into the consol&he memory of the destination is then sferred
to the prepaid card and the fare is subtracted. To encourage group ridingpomenead that
the fare be charged per vehicle rattemn per personAs shown inFigure 1, the patron (ann-
dividual or a small group) then takes the card to a stanchion in front of the fervaatcempty
vehicle and slides it into a slot, or waves it in front of an electronic reader. This actiontbauses
memory of the destination to be transferred t
tor-driven door. Thus no turnstile is neede” = AL
The individual or group then enter thehicle,
sit down, an donpAsshosn’
in Figure 2, the vehicle is then on its way ' =
nonstop to the selected destination. Iniadg: S
tiontot he nNtGoo, bt her e
button that will stop thevehicle at thenext
statonnand an nifEmebgeéet o
alert a human operator to inquire. If, ¢
ample, the person feels sick, the operator ¢
reroute the vehicle to the nmeat hospital fas
erthan by any other means. wbde AL

Figure 12 Riding Nonstop to the Desttion

12. Will ITNSattract rders?

There will be only a short walk to the nearestish.

In peak periodthe wait time will typically be no more than a minute or two.
In off-peak periods there will be no wiai at all.

The system will be available any time of day or night.

The ride time will be short and the trip time predictable.

Too T To Too T
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A person can ride either alone or with chosen canopa.

The riders can make good use of their time while riding, and can use a cell phone.
Larger groups can easily split up into two or more vehicles, which will arrive at the dest
nation seconds apart.

Everyone will have a seat.

The ride above the city will be redmg, comfortablescenic,and enjoyable.

There will be no transfers.

The fare will be competitive.

There will be only a short walk to the destination.

To Io To o To o T Do

A number of investigators @l have develped models to predict ridership on PRB=sy
tems, which show ridership in the range of 25 to 50%. The U.S. average transit ridership is cu
rently 4.6% [X7], which includes New York City. Outside of New York City the average & clo
er to 3% indicating thatscheduled, alktop transit is notised bythe vast majority of urban res
dents. Accurate methodfor calculating ridershigre needed because the system needs te-be d
signed but not ovedesigned to meet anticipated nisleip.

13. History andStatus

All of the technologes needed to buildTNS including all of the control hardware and software,
have been developed. Alve need is the funds (abo®uUS20 million) to build a fullscale test
system. This sum is lower than many people estimate, buttipeddbecause of the advanced
state of developmentSuch programs are already underway oversé¢@hlSis a collection of
components proven in other industries. The only new thing is the system arrangéraesys-

tem control software has been writf@6] and excellent software tools are available from many
sources for final design verification and developmerthefinal drawingsneeded for constod

tion. But, because there has been no U. S. federal funding to support the develogpieht of
during thepast three decades, few people in the United States have been able to continue to study
and avelop these systems. This problem is likely the major factor that caused the collapse of
the Chicago RTA PRT programVe hopeto correct this deficiency byears ofthe courseset

scribed inAppendix B. The immediate question is this: Why the lack of federal support? While
the full answer is complex, the driving reason was that HCPRT agasatlical for an industry
suddenly confronted with it and with no reabdlee or desire to understand it. The humaao-rea

tion was to lobby to Kill it, which theaccomplished by September 197Hoday, the situation is
different. Transformative technologies like HCPRT are essential to maintaining mobility in an
age of declinig oil availability and the need to markedly reducHysmn.

The two leading HCPRT development programs during the 1970s are illustrated in Fi
ures B and 4. The Aerospace program ended in the mid 1970s because of the lack of federal
support and the Cabintaxi program (DEMAG+MBB) ended in 1980 when the FederablRepu
of Germany had to divert a substantial amount of money to NATO programs. These programs
provided the bulk of the background that was needed to continue PRT developmegttde
nexttwodead e s . Wit hout these programs, I donodt
any form today. The world owes them thanks for their pioneering efforts.
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Figure B. The Aerospace Corporation PRT System [1] Figurel4. Cabitaxi [18]

A third important PRrelated develpment program conducted during the 1970s still
operates in Morgantown, West Virginialt is shown in _
Figure B. | cal |-r et attdedeok fully aub-
matic operation idike PRT but it uses 2€passenger e+
hicles, and thus is more correctly classified as Groyp FHis ,,
id Transit. Contracts were let in December 1970 to get/imsi
system operating only 22 months later. Since there
almost no knowledge of the theory of PRT systét®% in
1970, many decisions were made that increased (s
weight and cost. The gross (fully loaded) vehicle weiCss
is about 11,800 Ib and the operating headway is
seconds. Figure 5. Morgantown

In Section 1, | mentioned work of the Nor#istern lllinois Regional TransportatioruA
thority (RTA). It led, beginning in 1993, to algic/private partnership between the RTA and
Raytheon CompanyFlgure ¥ shows the RaytheoRRT system that was developedtlinfortu-

: nately lack of appreciation forelevant experienceer
sulted in a ehicle four times the weight and a guideway
twice as wide and twice as deep as necessahg re-
sulting capital cost of a sfem proposed foRosemont,
lllinois, morethan tripled and thoperatingcostswere
correspadingly high and uncertairAs a result Ros-
mont wisely declined to proceed and the prograenr
=4 cifully died. The gross weight of théur-passenger

LI 1111t \ Raytheonvehiclewas about 6600 Ib and the operating
O EC e sssiuiceer: I healway was about 3 seconds.

Figure 16 Raytheon PRT 2000

Finally, consider the system shownHigure 7. In 20022 | directed itsdesignand cam-
structionfor Taxi 2000 Corporation. It opened to the public in April 2003 and thousands of rides
were given flawlessly to an enthusiastic publea60-ft sectionof guidewayat the 2003 M-
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nesota State FairThe fully loaded vehicles have a nmaxm gross weight of about 1800 Ib and
| designed the control system so that multiple vehicles can

operate at haléecondheadways. There are no intedt-

tualproperty issues that would prevent PRTetnational

from usinginformation obtained in this programhe sy-

tem shown in Figure 17, as we understood it in019&s

the basis for the winning proposal in the RT/Agmam.

Unfortunately, when the Phadl program got nderway

in October 1993, prior work, including work done in the

Phase | program, was ignored, which resulted in major

weight and cosbverruns and program can@gibn. That

need not have happened. Figure 17. An Optimum HCPRTdign

Figure B shows the gross weights of thessy
tems shown in Figures5116, and . Cost data were
available on the cost per mile of each of these syste 1«00
Deflating these costto the same year | found theys-  *2°°
tem cost wasery nearly poportional to vehiclegross
weight Costminimization requiresise of the smallest,
lightestweight vehicles practicallhey permit the snia
lest, lowestcost guideways and are fully practical witl
t odayidolgyt ech 0

Gross Weight of People Movers, |b

8000

Morgantown Raytheon Optimum PRT
Figure 19 shows three PRT systenrrently wn-
der development. The picture on the left is ULTra Figure 18. Vehicle weight compaon.
(www.atsltd.co.uk which is being developed at Buol
University in the United Kingdom. Thsystem iurrently undetestat Heathrowlnternational

Figurel9. ULTra, Vectusand2gettherd®RT Sytems

Airport to move people from parking lots into the termindfsom papers on their web page, it is
clear that his system is restricted to relatly small, lowspeed low-capacityapplications in
areas with very little ice and snow. The center system is Vectus, which is beihgpaevby

the Korean steel company Posgomy.vectusprt.com Since Septembe2007 hey have been
operatinga test system in Uppsala, Sweden. This system uses LIMs in the guideway,rwhich i
creases guideway weight and ¢amtd uses a guideway similar to that in the failed Raytheon
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