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The Intelligent Transportation Network System (ITNS) is a 

totally new form of public transportation designed to pro-

vide a high level of service safely and reliably over an ur-

ban area of any extent in all reasonable weather conditions 

without the need for a driverôs license, and in a way that 

minimizes cost, energy use, material use, land use, and 

noise. Being electrically operated it does not emit carbon 

dioxide or any other air pollutant. 

  

This remarkable set of attributes is achieved by operating 

vehicles automatically on a network of minimum weight, 

minimum size exclusive guideways, by stopping only at off-

line stations, and by using light-weight, sub-compact-auto-

sized vehicles.   

 

With these physical characteristics and in-vehicle switching 

ITNS is much more closely comparable to an expressway 

on which automated automobiles would operate than to the 

scheduled, all-stop service of buses and trains.  We now 

call this new system ITNS rather than High-Capacity Per-

sonal Rapid Transitñ a designation coined over 35 years 

ago.  
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1. Introduction 

 

 In their book The Urban Transport Crisis in Europe and North America, John Pucher and 

Christian Lefèvre, discussing only conventional transportation, concluded with this grim assess-

ment: ñThe future looks bleak both for urban transport and for our cities: more traffic jams, more 

pollution, and reduced accessibility.ò 

 

 In the report Mobility 2030: Meeting the Challenges to Sustainability, 2004 by the World 

Business Council for Sustainable Development (www.wbcsd.org), which was endorsed by the 

leaders of major auto and oil companies, the authors site grim projections of future conditions 

but no real hope for solutions. 

 

 C. Kenneth Orski, in his Innovation Briefs for Nov/Dec 2006 reports on Allan Pisarskiôs 

report Commuting in America, Transportation Research Board, 2006, which concludes that 

ñdriving alone to work continues to increase,ò ñcarpoolingôs share declined by 7.5% since 1980,ò 

transit currently accounts for 4.6% of the trips, and ñwalking to work has suffered a sharp decline 

. . . a reality check for those who claim to see a trend toward ówalkable communities.ôò  Orksi 

goes on to report that ñnot only is population dispersing, it is dispersing farther and farther out, 

leapfrogging over existing suburbs.ò  This means more driving and driving longer distances. 

  

 In spring 1989 I was informed that during a luncheon attended by a Northeastern Illinois 

Regional Transportation Authority (RTA) Chairman it was agreed that ñWe cannot solve the 

problems of transportation in the Chicago Area with just more highways and more conventional 

rail systems.  There must be a rocket scientist out there somewhere with a new idea!ò  The Illi-

nois Legislative Act that established the RTA had given the new agency an obligation to ñen-

courage experimentation in developing new public transportation technology.ò     

    

 The new idea they needed was called High-Capacity Personal Rapid Transit (PRT).  The 

best of all versions that had been developed is shown in Figure 13.  It was developed by rocket 

scientists at The Aerospace Corporation between 1968 and 1972 [1].  We now call the new sys-

tem ITNS to distinguish it as a type of automated highway rather than as a type of transit; howev-

er, the generic name ñPRTò is deeply imbedded in the automated-transit culture.  A March 2006 

European Union Report concluded: ñThe overall assessment shows vast EU potential of the in-

novative PRT transport conceptò [2].   
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 In April 1990 the RTA issued a request for proposals for a pair of $1.5 million Phase I 

PRT design studies.  Two firms were selected and after the studies were completed the RTA se-

lected my design, an update of the Aerospace system, for a $40 million Phase II PRT design and 

test program.  Unfortunately, that program was not directly successful, not due to any flaw in the 

basic concept, but due to the lack of deep understanding of it by the lead engineers and their 

managers.  There is more and more evidence today that ITNS will solve many urban problems. 

        

2. The Problems to be Addressed 

 

Å Increasing congestion 

Å High and rising oil prices 

Å Global climate change 

Å Many people killed or injured in auto accidents 

Å People who cannot, should not, or prefer not to drive 

Å The lack of a serious alternative to the auto 

Å Excessive land use for roads and parking 

Å Excessive energy use in transportation 

Å Road rage 

Å Terrorism 

Å Excessive sprawl 

Å Large transit subsidies 

 

3. Requirements of the New System 

 

 To address these problems, a new transit system must be  

 

Å Low enough in cost to recover all costs from fares and other revenue 

Å Highly efficient operation with renewable energy sources 

Å Time competitive with urban auto trips 

Å Low in air and noise pollution 

Å Adequate in capacity 

Å Visually acceptable 

Å Low in material use 

Å Low in energy use 

Å Low in land use 

Å Safe 

Å Reliable 

Å Comfortable 

Å Expandable without limit 

Å Able to attract many riders 

Å Available at all times to everyone 

Å An unattractive target for terrorist attacks 

Å Compliant with the Americans with Disabilities Act  

Å Operational in all kinds of weather, except for extremely high winds 
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These and other requirements are discussed in Appendix A. 

 

4. Derivation of the New System 

 

It will not be possible to reduce congestion, decrease travel time, or reduce accidents by placing 

one more system on the streets ï the new system must be either elevated or underground.  Un-

derground construction is extremely expensive, so the dominant emphasis must be on elevation.   

This was understood over 100 years ago in the construction of exclusive-guideway rail systems 

in Boston, New York, Philadelphia, Cleveland, 

and Chicago.  A serious concern, though, was 

the size and cost of the elevated structures.  We 

have found that if, as illustrated in Figure 1, the 

people-carrying capacity is distributed in many 

small units, practical now with automatic con-

trol, rather than a few large ones, and by taking 

advantage of light-weight construction practical 

today, we can reduce guideway weight per unit 

length by a factor of at least 20:1!  This enorm-

ous difference is the fundamental reason for the 

low cost of the system that has been called PRT.
                          Figure 1. Guideway Weight and Size.   
 

 Offhand it is common to assume that 

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 small ve-

hicles.  Examination of the data in Figure 2 

show, however, that this is not so.  Each point in 

Figure 2 represents a transit system, with the 

costs normalized to take into account inflation.    

While there is a great deal of scatter, we see that 

a line of best fit is close to horizontal, i.e., ve-

hicle cost per unit of capacity is independent of 

capacity.           
             Figure 2. Vehicle Cost per Unit Capacity  
 

 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 capacity, roughly a constant, multiplied by the people-carrying capaci-

ty needed to move a given number of people per unit of time.  The major factor that determines 

the required people-carrying capacity is the average speed.  If the average speed could be 

doubled, the number of vehicles required to move a given number of people would be cut in half.  

The greatest increase in average speed without increasing other costs is obtained by arranging the 

system so that every trip is nonstop.  The trips can be nonstop if all of the stations are on bypass 

guideways off the main line as shown in Figure 3.    
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5. Off-Line Stations are the Key Breakthrough!  

 

Figure 3 is a picture of a portion of a model PRT system built during the 1991 Chicago PRT De-

sign Study.  It shows the simplest type of off-line station, in which there is single by-pass guide-

way and the vehicles line up in tandem in a series 

of two to about 15 berths.  A number of authors 

have estimated the capacity of such stations in ve-

hicles per hour as a function of the number of 

berths [1], [3].
1
   

         
 The advantages of off-line stations are:
       

Å Off-line stations minimize the fleet size 

and hence the fleet cost because they max-

imize the average speed.  This was dis-

cussed in Section 4.    

         Figure 3. An Off-Line Station 

Å 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 vehicle have to be to make this 

safe?  The answer is minutes behind.  Surface-level 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 seconds apart, and often less than a 

second apart.  An example is given in Section 8. 

 

¶ Off-line stations with small, auto-sized vehicles thus give the system a line capacity at 

least equal to a freeway lane.  Such a capacity or maximum throughput permits the use of 

small guideways, which minimize both guideway cost and visual impact.  

                        

¶ Off-line stations permit nonstop trips, which minimize trip time and increase the attrac-

tiveness of the trip.  

      

Å Practical use of the nonstop trip means that the average waiting time for a second party is 

generally too long to be of interest.  Hence the trip is taken either by one individual or by 

a small party traveling together by choice. 

 

Å Off-line stations permit the vehicles to wait at stations when they are not 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 night ï service can be available at any time of day or night.  

Moreover, compared with conventional scheduled, all-stop service, the amount of travel 

                                                 
1
 To allow for the case in which one party 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.  Three factors 

cause us to recommend against such stations: 1) Due to interference, the throughput of these stations is disappointing, 2) these 

stations require much more space and cost much more than the single-by-pass design, and 3) because elderly or disabled people 

generally avoid the busiest hours, the statistical 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. 

 

Å With off-line stations there is no waiting at all in off-peak hours, and during the busiest 

periods empty vehicles are automatically moved to stations of need.  Computer simula-

tions show that the peak-period wait will average only a minute or two. 

 

Å Stations can be placed closer together than is practical with conventional rail.  With con-

ventional rail, in which the trains stop at every station, the closer the station spacing, the 

slower is the average speed.  So to get more people to ride the system, the stations are 

placed far enough apart to achieve an average speed judged to be acceptable, but then ri-

dership suffers because access is sacrificed.  The tradeoff is between speed and access ï 

getting more of one reduces the other.  With off-line stations the system provides both 

high average speed and good access to the community. 

 

Å Off-line stations can be sized to demand, whereas in conventional rail all stations must be 

as long as the longest train. 

 

All of these benefits of off-line stations lead to substantially lower cost and higher ridership. 

 

6. The Attributes of ITNS 

 

 A system that will meet the requirements of Section 3 will have 

 

Å Off-line stations. 

Å Minimum-sized, minimum weight vehicles. 

Å Adequate speed, which can vary with the application and the location in a network.  

Å Fully automatic control. 

Å Hierarchical, modular, asynchronous control to permit indefinite system expansion.  

Å Dual-redundant computers for high dependability and safety. 

Å Accurate position and speed sensors.  Todayôs sensors are much more accurate than 

needed. 

Å Smooth running surfaces for a comfortable ride. 

Å Rubber tired wheels for suspension to minimize guideway cross section and weight. 

Å All -weather propulsion and braking by means of linear induction motors. 

Å Switching with no moving track parts to permit no-transfer travel in networks. 

Å Small, light-weight, generally elevated guideways. 

Å Guideway support-post separations of at least 90 ft (27 m).  

Å Vehicle movement only when trips are requested. 

Å When trips are requested, empty vehicles are rerouted automatically to fill stations. 

Å Nonstop trips with known companions or alone. 

Å Propulsive power from dual wayside sources. 

Å Well lit, television-surveyed stations. 

Å Planned & unplanned maintenance within the system. 

Å Full compliance with the Americans with Disabilities Act. 
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7. The Optimum Configuration 

 

 During the 1970s I accumulated the list of 37 requirements for design of a PRT guideway 

given in Appendix A.  As chairman of three international conferences on PRT, I was privileged 

to visit all automated transit work on this planet, 

talk to the developers, and observed over a decade 

both the good and the bad features.  The require-

ments listed in Figure 4 are the most important, 

and, from structural analysis [5] I confirmed The 

Aerospace Corporationôs conclusion that the mini-

mum-weight guideway, taking into account 150-

mph crosswinds and a maximum vertical load of 

fully loaded vehicles nose-to-tail, is a little narrow-

er than it is deep.  I compared hanging, side-

mounted, and top-mounted vehicles and found ten 

reasons to prefer top-mounted vehicles [6].              Figure 4. The Optimum Configuration   
                       

 Such a guideway has minimum visual impact.  It has minimum weight if it is a truss as 

shown in Figure 5, which is scaled to posts 90 ft apart.  The double vertical line indicates the lo-

cation of an expansion joint.  A stiff, light-weight truss structure will have the highest natural 

frequency, which results in the highest comfortable cruising speed.  It will be most resistant to 

the horizontal accelerations that result from an earthquake.  By using robotic welding it will be 

least expensive to manufacture, transport and erect.  The analysis reported in [5] has produced 

the properties needed to meet all requirements.  I observed over decades that whenever a PRT 

program died, and there have been many of them, the major reason could almost always be 

traced to a problem with the guideway design.  I thus addressed that problem in a paper [30] that 

I presented at the 2009 APM Conference.  In the paper I tried to point out in the limited space I 

was allotted that the design of a PRT guideway requires a much higher level of system engineer-

ing than is apparent in the designs that have failed.  In the paper I give the above-mentioned re-

quirements and also 19 design criteria, which are included in Appendix B.        

 

  
Figure 5.  A Low Weight, Low-Cost Guideway 

 

The Americans with Disabilities Act requires the vehicle to be wide enough so that a 

wheelchair can enter and face forward with room for an attendant.  Such a vehicle is wide 

enough for three adults to sit side-by-side and for a pair of fold-down seats in front for small 

people, making it a five-person vehicle.  Such a size can also accommodate a person and a bi-

cycle, a large amount of luggage with two people, a baby carriage plus two adults, etc. [7]  See 

Figure 17.                        



10 

 

As shown in the figure on the cover and Figure 4, the guideway will be covered.  A slot 

only four inches wide at the top permits the vertical chassis to pass and a slot six inches wide at 

the bottom permits snow, ice, or debris to fall through.  We have designed and tested a plow that 

can be attached at the bottom of the chassis.  The 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 of steel-angle 

running surfaces.  The covers permit the system to operate in all weather conditions.  They mi-

nimize air drag, prevent ice accumulation on the power rails, prevent differential thermal expan-

sion, serve as an electromagnetic shield, a noise shield, and a sun shield, permit access for main-

tenance, and permit the external appearance to be whatever the local community wishes.  The 

covers enable the system to meet nine of the guideway design requirements.  They will be manu-

factured from composite material with a thin layer of aluminum sprayed on the inside surface to 

provide electromagnetic 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. 

             

 
Figure 6. An Application in Downtown Chicago 

8. Control 

 

 Control of PRT has been investigated at many organizations since the 1960s. I have pub-

lished [4] a bibliography of papers on control of PRT that have been useful as we have devel-

oped the control system for ITNS.  My detailed papers related to control are listed [11 ï 15] and 

may be found with other papers on www.prtnz.com.  The ITNS control hardware consists of 

computers, sensors, and a communications medium. 

 

8.1 Computers 

 

 All computers in ITNS are dual redundant, which means that each ñcomputerò is two 

pairs of computers.  The outputs of each pair of computers are compared 20 times a second, and 

likewise the common outputs of the two pairs are compared 20 times a second.  Any error de-

http://www.prtnz.com/
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tected 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, longer than any-

one will believe without checking the calculations [12].  The methodology I used was obtained 

from Boeing papers developed during their work on AGRT [4]. 

 

 Three types of computers are needed for vehicle control: computers on vehicles, comput-

ers at strategic wayside locations, and a central computer.  Each section of guideway is managed 

by a wayside computer called a zone controller.  There will be station zones, merge zones, di-

verge zones, and line zones.  The zone controllers command specific maneuvers to specific ve-

hicles as needed and each individual vehicle computer responds to these commands.  The ma-

thematics needed to command every one of the maneuver a vehicle can make has been worked 

out by several organizations.  These maneuvers consist of moving from one speed to another, for 

example from a station to line speed, slipping a certain distance relative to another vehicle ahead 

on the other leg of a merge, and stopping in a given distance.  With todayôs high-gain controllers 

the position of a vehicle can be controlled almost as closely as we can measure it, which is sub-

stantially closer than necessary.   

 

 Each zone controller provides the line-speed signal in its domain.  If anything goes 

wrong, it removes the speed signal to vehicles behind the failed vehicle, which causes the ve-

hicles behind the failed vehicle to slow to creep speed ï slow enough to be safe but fast enough 

to given the passengers confidence that they will soon enter a station.  When a vehicle reaches a 

maneuver-command point, the zone controller transmits the appropriate command maneuver to 

that vehicle, 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 compares it with the vehicleôs position and speed as a basis for correc-

tive action if necessary.  Adjacent zone controllers communicate with each other. 

 

 The central computer optimizes recycling of empty vehicles, balances traffic in certain 

conditions, and accumulates data on the performance of the system.  The data rates, computer 

speeds, and memory needed are well within the capability of todayôs computers. 

 

8.2 On-Board Position and Speed Sensing 

 

 The position and speed of each vehicle is measured on board each vehicle by means of 

digital encoders placed in the main bearing of each of the four wheels.  Averaging the left and 

right output gives the correct measurement in curves.  Having encoders in both the fore and aft 

wheels provides redundancy.  These encoders register at least 4096 pulses per revolution, or with 

the 336.6 mm (13.25ò) OD tires we plan to use about 0.26 mm (0.010ò) per pulse.  With this ac-

curacy, experimental evidence has shown that we can differentiate to obtain accurate speed mea-

surements.  If, however, the assumed OD was in error by say 1%, the distance measurement 

would be in error by 1%.  Thus, as discussed in Section 8.3, we will calibrate each vehicle as it 

leaves a station by means of fixed magnetic markers.  In this way we will know the position of 

each vehicle to an accuracy of less than 25 mm (one inch). 
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8.3 Wayside Position and Speed Sensing 

 

 The position and speed of each vehicle is measured by suitably placed pairs of wayside 

markers.  When a vehicle reaches the first marker, a pulse is sent to the cognizant wayside com-

puter, which detects its position at that time.  When the vehicle reaches the second of the pair a 

known and short distance ahead, by measuring the time interval between markers we determine 

speed.  We can measure the time interval to an accuracy of a few nanoseconds, which means that 

we measure speed to less than one part in a million ï well 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 control sys-

tem is provided by sensing the inter-vehicle spacing by means of a sonar system that provides 

signals independently 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 every time a vehicle stops. 

 

8.5 Communication 

 

 Each vehicle will be equipped with a transmitter and a receiver capable of sending infor-

mation to and receiving information from a leaky cable placed on the inside of the guideway.  

We prefer this method to GPS mainly because GPS will be affected by solar storms [29].  The 

zone controllers similarly talk to and from the cable.  Such cables are commercially available.  

This type of communication is completely secure and cannot be interfered with by hackers. 

 

8.6 The state of the art of modern safety-critical, real-time control systems.  

 

 Today, computers routinely land airplanes on aircraft-carrier decks.  Our computers re-

spond to and correct speed and position two hundred times per second.  The instruments we use 

to measure position and speed are much more accurate than we need.  Wayside zone controllers 

monitor the motion of each vehicle at least 10 times each second.  Code has been developed to 

control any number of vehicles in networks of any size or configuration.
2
  Our vehicle has very 

few moving parts. The switch has no moving parts in the guideway.  Our motors have no moving 

parts.  Our motors, motor controllers, sensors, and power-supply systems are redundant, meaning 

that a single failure is not noticed by the riders.  Our computers, as mentioned, are dual redun-

dant, which means that each of the on-board and wayside ñcomputersò is really four computers.  

If one computer aboard a vehicle fails, the vehicle continues to its destination on the good com-

puters, drops off its passengers, 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 ve-

                                                 

2 J. E. Anderson, ñSome History of PRT Simulation Programs,ò 2008, www.prtnz.com.  
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hicle should stop on the guideway away from a station, the vehicle behind will soft engage 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 traffic control 

systems at the various airports keeping track of dozens of aircraft by using computers to track 

each aircraft.  This is a much more sophisticated operation than needed with PRT and goes on 

every day in a system in which a failure means loss of an aircraft and all of its passengers.  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 Throughput Reliably and Safely 

 

 The features needed are illustrated in Figure 9. 

   

1. All weather operation:  Linear induction motors (LIMs) provide all-weather acceleration 

and braking independent of the slipperiness of the running surface. 

 

2. Fast reaction time:  LIMs react within a few 

milli seconds.  Human drivers react in be-

tween 0.3 and 1.7 seconds.  The on-board 

computer updates position and speed 200 

times per second. 

 

3. Fast braking:   Even with automatic opera-

tion the best that can be done with mechani-

cal brakes is a braking time of about 0.5 sec, 

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

 

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

long.    

                                           
 These features together result in safe operation at fractional-second headways, and thus 

maximum throughput of at least three freeway lanes [11], i.e., 6000 vehicles per hour.  During 

the Phase I PRT Design Study for Chicago, extensive failure modes and effects analysis [12], 

hazards analysis, fault-tree analysis, and evacuation-and-rescue analysis were done to assure the 

team that operation of the system would be safe and reliable.  The resulting design has a mini-

mum of moving parts, a switch with no moving track parts, and uses dual redundant computers 

[13].  Combined with redundant power sources, fault-tolerant software, and exclusive guide-

ways; studies show that there will be no more than about three person-hours of delay in ten thou-

sand hours of operation [14].  A method [15] for calculating the mean time to failure of each 

component of the system that will permit the system dependability requirement to be met at min-

imum life-cycle cost has been developed and used during the design process. 
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10. Is High Capacity Possible with Small Vehicles?  

 

 Consider a surface-level streetcar or so-called ñlight railò system.  A typical schedule fre-

quency is 6 minutes, or 10 trains per hour.  The new ñlightò rail cars have a capacity of up to 200 

people.  With two-car trains the system then can move a maximum of 400 people every 6 mi-

nutes.  A high-capacity PRT or ITNS system can operate with a maximum of 120 vehicles per 

minute or 720 in 6 minutes carrying up to five people per vehicle.  However, even with only one 

person per vehicle, the ITNS system would carry 720 people in 6 minutes, which is 80% more 

than the number of people per hour light rail can carry.  Since the light-rail cars in a whole sys-

tem are virtually never full, ITNS has an even higher throughput margin over a light-rail system.  

A comprehensive discussion of the throughput potential of ITNS lines and stations is given in 

reference [8].  

  

 In 1973 Urban Mass Transportation Administrator Frank Herringer told Congress that ña 

high-capacity PRT could carry as many passengers as a rapid rail system for about one quarter 

the capital costò (see Figure 7).  Notwithstanding that this pronouncement was backed up by the 

work of a competent R&D staff, its effect was to ridicule and kill a budding federal HCPRT pro-

gram.  PRT was a threat to conventional systems, but was an idea that would not die.  Work con-

tinued at a low level, which is the main reason it has taken so long for PRT to mature, but now 

with much improved technology.  Today, 35 years later, computer memory per unit volume has 

increased by a factor of 2
35/2

 =185,000:1 and computer speeds have increased by a factor of 

about 2000:1.  Moreover, programming languages and computer design tools have matured mar-

kedly.  Certainly, the task today is much simpler.    

 

 During the 1990ôs the Automated Highway Con-

sortium operated four 17-ft-long Buick LeSabres at a 

nose-to-tail separation of seven feet at 60 mph or 88 

ft/sec on a freeway near San Diego [10].  Figure 6 shows 

six of the LeSabres running at short headway. Since the 

minimum nose-to-nose separation was 24 feet, the min-

imum time headway or nose-to-nose time spacing was 

24/88 or 0.27 second, which gives almost twice the 

throughput needed for a large ITNS system.  The auto-

mated highway program was monitored by the National 

Highway Safety Board.       Figure 6. Automated Highway Experiment.  

 

Thus the 1973 UMTA claim was more than proven in the 1990s.  Because of problems 

associated with automated highways that are not relevant to ITNS the USDOT did not continue 

this program.  Yet the demonstration of such short headway is of major significance for ITNS.  I 

am very much aware that, notwithstanding the 1973 assertion of the UMTA administrator given 

in Figure 7, automated transit has been reported to be restricted to headways no shorter than the 

so-called ñbrick-wallò headway, which for urban speeds is about two seconds.  I discuss this in 

some detail in Reference [13].  Early PRT systems, which must be small, do not require head-

ways less than two seconds, so the brick-wall headway is not an impediment to PRT develop-

ment.  The ultimate safety criteria must be given in terms of injuries or incidents per billion miles 

of operation.  PRT must demonstrate that its rate will be well under that for modern rapid rail 
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systems, and our detailed 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 in Figure 7.  Thus, at the present 

time, the safety of fractional-second headways need not be a subject of debate ï we must and 

will prove it.                      

        
Figure 7. Page from the 1974 Congressional Record [9] 
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11. How Does a Person Use ITNS? 

 

 
    Figure 10.  Pick a Destination and Pay the Fare       Figure 11.  Transfer Destination to Vehicle 

 

 As shown in Figure 10 a patron arriving at a station finds a map of the system in a conve-

nient location with a console below.  The patron has purchased a card similar to a long-distance 

telephone card, slides it into a slot, and selects a destination either by touching the station on the 

map or punching its number into the console.  The memory of the destination is then transferred 

to the prepaid card and the fare is subtracted.  To encourage group riding, we recommend that 

the fare be charged per vehicle rather than per person.  As shown in Figure 11, the patron (an in-

dividual or a small group) then takes the card to a stanchion in front of the forward-most empty 

vehicle and slides it into a slot, or waves it in front of an electronic reader.  This action causes the  

memory of the destination to be transferred to the chosen vehicleôs computer and opens the mo-

tor-driven door.  Thus no turnstile is needed.  

The individual or group then enter the vehicle, 

sit down, and press a ñGoò button.  As shown 

in Figure 12, the vehicle is then on its way 

nonstop to the selected destination. In addi-

tion to the ñGoò button, there will be a ñStopò 

button that will stop the vehicle at the next 

station, and an ñEmergencyò button that will 

alert a human operator to inquire.  If, for ex-

ample, the person feels sick, the operator can 

reroute the vehicle to the nearest hospital fast-

er than by any other means. 
Figure 12. Riding Nonstop to the Destination     

12. Will ITNS attract riders? 

 

Å There will be only a short walk to the nearest station. 

Å In peak periods the wait time will typically be no more than a minute or two.   

Å In off-peak periods there will be no waiting at all.  

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

Å The ride time will be short and the trip time predictable. 
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Å A person can ride either alone or with chosen companions. 

Å The riders can make good use of their time while riding, and can use a cell phone. 

Å Larger groups can easily split up into two or more vehicles, which will arrive at the desti-

nation seconds apart. 

Å Everyone will have a seat. 

Å The ride above the city will be relaxing, comfortable, scenic, and enjoyable.  

Å There will be no transfers. 

Å The fare will be competitive. 

Å There will be only a short walk to the destination. 

 

 A number of investigators [16] have developed models to predict ridership on PRT sys-

tems, which show ridership in the range of 25 to 50%.  The U.S. average transit ridership is cur-

rently 4.6% [17], which includes New York City.  Outside of New York City the average is clos-

er to 3%, indicating that scheduled, all-stop transit is not used by the vast majority of urban resi-

dents.  Accurate methods for calculating ridership are needed because the system needs to be de-

signed but not over-designed to meet anticipated ridership. 

 

13. History and Status 

 

 All of the technologies needed to build ITNS, including all of the control hardware and software, 

have been developed.  All we need is the funds (about $US20 million) to build a full-scale test 

system.  This sum is lower than many people estimate, but practical because of the advanced 

state of development.  Such programs are already underway overseas.  ITNS is a collection of 

components proven in other industries.  The only new thing is the system arrangement: The sys-

tem control software has been written [26] and excellent software tools are available from many 

sources for final design verification and development of the final drawings needed for construc-

tion.  But, because there has been no U. S. federal funding to support the development of PRT 

during the past three decades, few people in the United States have been able to continue to study 

and develop these systems.  This problem is likely the major factor that caused the collapse of 

the Chicago RTA PRT program.  We hope to correct this deficiency by means of the courses de-

scribed in Appendix B.  The immediate question is this: Why the lack of federal support?  While 

the full answer is complex, the driving reason was that HCPRT was too radical for an industry 

suddenly confronted with it and with no real chance or desire to understand it.  The human reac-

tion was to lobby to kill it, which they accomplished by September 1974.  Today, the situation is 

different.  Transformative technologies like HCPRT are essential to maintaining mobility in an 

age of declining oil availability and the need to markedly reduce pollution.        

          

 The two leading HCPRT development programs during the 1970s are illustrated in Fig-

ures 13 and 14.  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 Federal Republic 

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 development during the 

next two decades.  Without these programs, I donôt believe we would be talking about PRT in 

any form today.  The world owes them thanks for their pioneering efforts.   
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Figure 13.  The Aerospace Corporation PRT System [1]               Figure 14.  Cabintaxi [18]  

        

 A third important PRT-related development program conducted during the 1970s still 

operates in Morgantown, West Virginia.  It is shown in 

Figure 15.  I call it ñPRT-relatedò because its fully auto-

matic operation is like PRT but it uses 20-passenger ve-

hicles, and thus is more correctly classified as Group Rap-

id Transit.  Contracts were let in December 1970 to get the 

system operating only 22 months later.  Since there was 

almost no knowledge of the theory of PRT systems [19] in 

1970, many decisions were made that increased size, 

weight and cost.  The gross (fully loaded) vehicle weight 

is about 11,800 lb and the operating headway is 15 

seconds.               Figure 15.  Morgantown 

 

 In Section 1, I mentioned work of the Northeastern Illinois Regional Transportation Au-

thority (RTA).  It led, beginning in 1993, to a public/private partnership between the RTA and 

Raytheon Company.  Figure 16 shows the Raytheon PRT system that was developed.  Unfortu-

nately, lack of appreciation for relevant experience re-

sulted in a vehicle four times the weight and a guideway 

twice as wide and twice as deep as necessary.  The re-

sulting capital cost of a system proposed for Rosemont, 

Illinois, more than tripled and the operating costs were 

correspondingly high and uncertain. As a result Rose-

mont wisely declined to proceed and the program mer-

cifully died.  The gross weight of the four-passenger 

Raytheon vehicle was about 6600 lb and the operating 

headway was about 3 seconds.       
        Figure 16.  Raytheon PRT 2000 

 

 Finally, consider the system shown in Figure 17.  In 2001-2 I directed its design and con-

struction for Taxi 2000 Corporation.  It opened to the public in April 2003 and thousands of rides 

were given flawlessly to an enthusiastic public over a 60-ft section of guideway at the 2003 Min-
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nesota State Fair.  The fully loaded vehicles have a maximum gross weight of about 1800 lb and 

I designed the control system so that multiple vehicles can 

operate at half-second headways.  There are no intellec-

tual-property issues that would prevent PRT International 

from using information obtained in this program. The sys-

tem shown in Figure 17, as we understood it in 1990, was 

the basis for the winning proposal in the RTA program. 

Unfortunately, when the Phase II program got underway 

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

Phase I program, was ignored, which resulted in major 

weight and cost overruns and program cancellation.   That 

need not have happened.          Figure 17. An Optimum HCPRT Design      

 

 Figure 18 shows the gross weights of the sys-

tems shown in Figures 15, 16, and 17.  Cost data were 

available on the cost per mile of each of these systems.  

Deflating these costs to the same year I found that sys-

tem cost was very nearly proportional to vehicle gross 

weight.  Cost minimization requires use of the smallest, 

lightest-weight vehicles practical. They permit the smal-

lest, lowest-cost guideways and are fully practical with 

todayôs technology.  

       

 Figure 19 shows three PRT system currently un-

der development.  The picture on the left is ULTra     Figure 18. Vehicle weight comparison.   

(www.atsltd.co.uk), which is being developed at Bristol 

University in the United Kingdom.  This system is currently under test at Heathrow International 
       

 
 

Figure 19. ULTra, Vectus, and 2getthere PRT Systems 

 

Airport to move people from parking lots into the terminals.  From papers on their web page, it is 

clear that this system is restricted to relatively small, low-speed, low-capacity applications in 

areas with very little ice and snow.  The center system is Vectus, which is being developed by 

the Korean steel company Posco (www.vectusprt.com).  Since September 2007 they have been 

operating a test system in Uppsala, Sweden.  This system uses LIMs in the guideway, which in-

creases guideway weight and cost, and uses a guideway similar to that in the failed Raytheon 
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