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Mission 

To provide safe, reliable, and comfortable mobility while reducing congestion, 

air pollution, energy requirements, the need for oil, the land needed for trans-

portation, and transportation costs. 

Goal 

¢ƻ ǇǊƻŘǳŎŜΣ ƛƴǎǘŀƭƭΣ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜ ǿƻǊƭŘΩǎ most system-enginered transit 

system in a variety of expandable applications in a highly competitive world-

wide market. 

Values ς Cƻƭƭƻǿ ǘƘŜ 9ƴƎƛƴŜŜǊǎΩ /ǊŜŜŘ 

¶ Give the utmost of performance, 

¶ Participate in none but honest enterprise, 

¶ Live and work according to the laws of man and the highest standards 

of professional conduct, 

¶ Place service before profit, the honor and standing of the profession 

before personal advantage and the public welfare above all other con-

siderations. 

 

 

mailto:jea.p.e.phd@gmail.com
http://www.advancedtransit.org/Library/Books
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Executive Summary  

 

 

 

 

 

ITNS is a totally new form of public transportation designed to provide a high level of service 

safely and reliably over an urban area of any extent in all reasonable weather conditions with-

ƻǳǘ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀ ŘǊƛǾŜǊΩǎ ƭƛŎŜƴǎŜΣ ŀƴŘ ōƻǘƘ ƳŀȄƛƳƛȊŜǎ ǊƛŘŜǊǎƘƛǇ ŀƴŘ minimizes cost, energy 

use, material use, land use, and noise.  Being electrically operated it does not emit carbon diox-

ide or any other air pollutant, and requires no oil.   

 

This remarkable set of attributes is achieved by operating light-weight, sub-compact-auto-sized, 

automatically controlled vehicles on a network of minimum-weight, minimum-size, exclusive 

guideways with all stations off-line.  To achieve reliable all-weather operation, the system uses 

non-contact linear induction motors.  

 

 

Major Requirements for ITNS 
 

The new system will 

Å Attract many more riders. 

Å Have adequate capacity. 

Å Reduce congestion. 

Å Increase access to the community. 

Å hǇŜǊŀǘŜ ǿƘŜǊŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ǘǊŀƴǎƛǘ ŎŀƴΩǘ operate. 

Å Not add to environmental pollution. 

Å Be as inexpensive as practical. 

Å Save energy. 

Å Be safe, reliable, and comfortable. 
Å Operate in all reasonable kinds of weather. 
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Dr. J. E. Anderson designed and supervised the construction of the fully automatic, linear-
induction-motor powered ITNS vehicle shown here for a budget of only $600,000 and 6 months 
from the order to proceed to operation.  The vehicle operated on a 60-ft section of covered-
steel-truss guideway at the 2003 Minnesota State Fair 12 hours per day for 12 days with no 
failures.  It worked exactly as designed.1 

 
Here is the builder of the vertical chassis with the linear-induction-motor set not yet installed. 

 

 

 

 

 

 

 

                                                             
1 The history ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛǎ ƎƛǾŜƴ ƛƴ ǘƘŜ ƛƴǘŜǊƴŀƭ ǇŀǇŜǊ άIƻǿ ǘƻ wŜŘǳŎŜ /ƻƴƎŜǎǘƛƻƴ ŀƴŘ {ŀǾŜ 9ƴŜǊƎȅΦέ  
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Attributes of ITNS 

¶ Off-line stations. 

¶ Fully automatic control. 

¶ Minimum-sized, minimum weight vehicles. 

¶ Small, light-weight, generally elevated steel-truss guideways. 

¶ Capable of operation in networks of guideways of any configuration. 

¶ Vehicles ride above guideway to minimize cost and maximize both rider comfort and speed range. 

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

¶ Dual duplex computers for high dependability and safety. 

¶ Accurate, dual position and speed sensors.   

¶ Dual linear-induction-motor propulsion and braking for all-weather operation. 

¶ Smooth running surfaces for a comfortable ride. 

¶ High-pressure, rubber-tired wheels to minimize guideway cross section and weight, and to mini-
mize road resistance and noise. 

¶ Switching with no moving track parts to permit reliable, no-transfer travel in networks. 

¶ Guideway support-posts separated by at least 90 ft (27 m) to meet planning requirements.  

¶ Propulsive power from dual wayside sources for high system reliability. 

¶ Adaptable to all renewable energy sources.  

¶ Well lit, television-surveyed stations to insure passenger security. 

¶ Nonstop trips with known companions or alone. 

¶ Adequate speed, variable with application and location in a network.  

¶ Vehicle movement only when trips are requested. 

¶ Automatic empty-vehicle rerouting to fill stations. 

¶ Planned & unplanned maintenance within the system. 

¶ Full compliance with the Americans with Disabilities Act. 
 
These attributes are derived in my ǇǊŜǎŜƴǘŀǘƛƻƴ ŜƴǘƛǘƭŜŘ άHow to Reduce Congestion and Save Energy,έ 
which should be the first of my papers studied by anyone seriously interested in commercializing my 
system.  This paper gives references to details found in my three-volume 1500-page book Contributions 
to the Development of Personal Rapid Transit.   
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The Key to a New Multi -Billion -Dollar Industry  

 
 

The Engineering Program for the Demonstration Facility  is ready to go!  

 
$45,000,000 for final design specifications, procurement engineering, manufacturing, assembly, 

test, marketing, and planning for the first system.   

 

Why the Proof Testing and Demonstration Facility?  
¶ To verify system capital and operating costs with a current team of engineers.   

¶ To demonstrate safety and reliability in advance of the first application. 

¶ To verify ride comfort before the first deployment.   

¶ To allow time to organize for a large business. 

¶ To provide a facility for training engineers, planners and technicians. 

¶ To provide assurance that the first operating system will be successful. 

¶ To correct errors before the first people-moving deployment. 

¶ To provide a controlled environment in which artificially induced test conditions can 
exceed normal parameters. 

¶ To enable an insurance company to establish a liability rate. 

¶ To test possible improved and more cost-effective components in a controlled envi-
ronment away from people-moving operations. 

¶ To educate consulting firms asked to evaluate the system. 

¶ ¢ƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǎȅǎǘŜƳ ŀǎ άǇǊƻǾŜƴ ǘŜŎƘƴƻƭƻƎȅέ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ƻǘƘŜǊ ǘǊŀƴǎƛǘ 
technologies in major investment studies. 
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The Business Plan 
 

1. Need for a New Solution to Ground Transportation  
 

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 as-

ǎŜǎǎƳŜƴǘΥ ά¢ƘŜ ŦǳǘǳǊŜ ƭƻƻƪǎ ōƭŜŀƪ both for urban transport and for our cities: more traffic jams, 

ƳƻǊŜ ǇƻƭƭǳǘƛƻƴΣ ŀƴŘ ǊŜŘǳŎŜŘ ŀŎŎŜǎǎƛōƛƭƛǘȅΦέ 

 During a luncheon attended by the Northeastern Illinois Regional Transportation Au-

ǘƘƻǊƛǘȅ όw¢!ύ /ƘŀƛǊƳŀƴ ƛǘ ǿŀǎ ŀƎǊŜŜŘ ǘƘŀǘ άWe cannot solve the problems of transportation in 

the Chicago Area with just more highways and more conventional rail systems.  There must be a 

ǊƻŎƪŜǘ ǎŎƛŜƴǘƛǎǘ ƻǳǘ ǘƘŜǊŜ ǎƻƳŜǿƘŜǊŜ ǿƛǘƘ ŀ ƴŜǿ ƛŘŜŀΗέ  ¢ƘŜ Lƭƭƛƴƻƛǎ [ŜƎƛǎƭŀǘƛǾŜ !Ŏǘ ǘƘŀǘ Ŝǎǘŀōπ

lished the RTA had given the new agencȅ ŀƴ ƻōƭƛƎŀǘƛƻƴ ǘƻ άŜƴŎƻǳǊŀƎŜ ŜȄǇŜǊƛƳŜƴǘŀǘƛƻƴ ƛƴ ŘŜπ

ǾŜƭƻǇƛƴƎ ƴŜǿ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅΦέ 

2. Systems Engineering  Approach  used by Rocket Scientists 

Thoroughly understand the Problem and Requirements for a solution. 

Let System Requirements dictate the technologies. 

Identify all alternatives in all tradeoff issues without prejudice and with absolute objectivity. 

Thoroughly analyze all reasonable alternatives for each issue until it is clear which best meets 

all technical, social, and environmental requirements. 

This is Systems Engineering!  More details are found in άмс wǳƭŜǎ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ 5ŜǎƛƎƴ.έ2    

ITNS is superior to alternatives because of rigorous application of these Rules. 

3. Major Requirements  
 

In more detail than given in the Executive Summary: 

Å Costs low enough to be recovered from fares and other revenue. 

Å Highly efficient operation in networks and with renewable energy sources. 

Å Time competitive with urban auto trips. 

Å Low air and noise pollution. 

Å Visually acceptable. 

Å Adequate capacity. 

Å Low material use. 

                                                             
2 This paper and the others referenced can be found in a 1500-ǇŀƎŜΣ о ǾƻƭǳƳŜ ǿƻǊƪ ŎŀƭƭŜŘ ά/ƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǘƘŜ 
5ŜǾŜƭƻǇƳŜƴǘ ƻŦ tŜǊǎƻƴŀƭ wŀǇƛŘ ¢Ǌŀƴǎƛǘέ ōȅ 5ǊΦ !ƴŘŜǊǎƻƴΦ  ¢ƘŜ ŦƛǊǎǘ ǾƻƭǳƳŜ Ŏŀƴ ōŜ ŘƻǿƴƭƻŀŘŜŘ ŦǊƻƳ ǘƘŜ ǿŜō ǎƛǘŜ 
www.advancedtransit.org/Library/Books. 

http://www.advancedtransit.org/Library/Books


 

9 
 

Å Low energy use. 

Å Low land use. 

Å Safe. 

Å Secure. 

Å Reliable. 

Å Comfortable. 

Å Attractive for riders. 

Å Available always. 

Å Expandable in networks without limit. 

Å An unattractive target for terrorist attacks. 

Å Compliant with Americans with Disabilities Act. 
Å Operational in all kinds of weather, except for extremely high winds. 

 

4. Major Tradeoffs  (Available under footnote #2.) 

1. Exclusive Guideway vs. Mixed Traffic 

2. In Vehicle vs. In Track Switching 

3. Small Vehicles vs. Large Vehicles 

   J. E. AndersonΣ άOptimization of Transit System CharacteristicsΦέ 

4. Off-line vs. On-line Stations 

J. E. AndersonΣ ά¢ƘŜ LƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ bŜǘǿƻǊƪ {ȅǎǘŜƳΦέ 

5. Captive Vehicles vs. Dual Mode 

   J. E. Anderson, άIƻǿ ŘƻŜǎ 5ǳŀƭ aƻŘŜ /ƻƳǇŀǊŜ ǿƛǘƘ tŜǊǎƻƴŀƭ wŀǇƛŘ ¢ǊŀƴǎƛǘΚέ 

6. Supported Vehicles vs. Hanging Vehicle 

   WΦ 9Φ !ƴŘŜǊǎƻƴΣ άThe Tradeoff between Supported vs. Hanging VehiclesΦέ 

7. Suspension on Wheels vs. Magnetic Suspension (Maglev) 

   WΦ 9Φ !ƴŘŜǊǎƻƴΣ άMaglev vs. Wheeled PRTΦέ 

8. Propulsion by Linear Motors vs. Rotary Motors 

   J. E. Anderson, "Safe Design of Personal Rapid Transit Systems." 

9. Linear Induction Motors vs. Linear Synchronous Motors 

   J. E. Anderson, άLIMs vs. LSMs for PRTΦέ 

10. Motors in Vehicles vs. Motors in the Guideway 

   J. E. AndersonΣ άMotors on Board vs. Motors in Guidewayέ 

11. Power Source at Wayside vs. On Board 

J. E. Anderson, άPower source on board vs. power source at waysideέ 

12. Guideway Narrow vs. Wide 

   J. E. Anderson, Transit Systems Theory, Lexington Books, Chapter 10. 

13. Control Asynchronous, Synchronous, Quasi-Synchronous, or Trans-Synchronous 

   J. E. AndersonΣ άControl of Personal Rapid Transit SystemsΦέ 

14. Control Point Follower vs. Car Follower 

       J. E. Anderson, άOvercoming Headway Limitations in Personal Rapid Transit SystemsΦέ 
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became known to him via chairing four international conferences on PRT, editing many of its 

papers, study of the work of every investigator known to him, and by visits to developers of al-

most every other PRT system under development anywhere in the world.  He has often men-

tioned that the PRT work of The Aerospace Corporation led by its Vice President Dr. Jack Irving 

is particularly outstanding and that he would likely have stopped working in the PRT field long 

ago if it had not been for the work of Dr. Irving and his colleagues, which could not continue 

because of lack of government support.  The references given above show that the author of 

this plan has contributed strongly to understanding of each tradeoff issues.  

5. Result : ITNS 

The background of, reasons for, and description of ITNS can be obtained from the following pa-

pers: 

J. E. Anderson, "Optimization of Transit-System Characteristics," Journal of Advanced Transportation, 
18:1(1984):77-111. 
WΦ 9Φ !ƴŘŜǊǎƻƴΣ ά! wŜǾƛŜǿ ƻŦ ǘƘŜ {ǘŀǘŜ ƻŦ ǘƘŜ !Ǌǘ ƻŦ tŜǊǎƻƴŀƭ wŀǇƛŘ ¢ǊŀƴǎƛǘΦέ JAT, 34:1(2000):3-29. 
WΦ 9Φ !ƴŘŜǊǎƻƴΣ ά¢ƘŜ CǳǘǳǊŜ ƻŦ IƛƎƘ-/ŀǇŀŎƛǘȅ tŜǊǎƻƴŀƭ wŀǇƛŘ ¢ǊŀƴǎƛǘΣέ 9ǳǊƻǇŜŀƴ /ƻƴŦŜǊŜƴŎŜΣ .ƻƭƻƎƴŀΣ LǘŀƭȅΣ !!¢{ 
2005.  
WΦ 9Φ !ƴŘŜǊǎƻƴΣ ά!ƴ LƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ bŜǘǿƻǊƪ {ȅǎǘŜƳ.έ   

These papers can be found in the document mentioned in footnote #2. 

6. Benefits  

For the Individual User        

Å The system is Ŝŀǎȅ ŦƻǊ ŜǾŜǊȅƻƴŜ ǘƻ ǳǎŜΦ  bƻ ŘǊƛǾŜǊΩǎ ƭƛŎŜƴǎŜ is needed. 

Å The vehicle has room for three adults and two children. 

Å Vehicles wait for people, rather than people for vehicles.   

Å Travel is cost competitive. 

Å The trips are short, predictable, and nonstop.   

Å Average rush-period waiting less than a minute and off-peak waiting zero. 

Å Everyone has a seat. 

Å The system is available at any hour. 

Å The vehicles are heated, ventilated, and air conditioned. 

Å There is no crowding. 

Å There are no vehicle-to-vehicle transfers within the system. 

Å The ride is private and quiet. 

Å One can use a cell phone, text message, read, view scenery, or meditate. 

Å The chance of injury is extremely remote. 
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Å Personal security is high. 

Å The ride is comfortable. 

Å There is space for luggage, a wheelchair, a baby carriage or a bicycle.  
          

For the Community 

Å By using off-line stations and nonstop trips, the system will attract around 10 times the 
ridership achieved by conventional all-stop transit. 

Å By applying modern systems engineering to minimize costs, the revenue produced by 
the system through reasonable passenger fares, freight hauling and focused advertising 
will in many applications substantially exceed all costs.  

Å By use of linear induction motors, the all-weather level of safety achieved far exceeds 
that possible if acceleration and braking relies on friction of the running surface. 

Å Land savings is huge ς 0.02% is required vs. 30-70% for the auto system, and only 3.5% 
of right of way needed for surface-level rail.  This is the key factor in the ability of ITNS 
to reduce congestion. 

Å Energy use is very low.  

Å The system can use any kind of renewable energy. 

Å There is no direct air pollution.  Being more than twice as energy efficient as the auto 
system and by using renewable energy, total air pollution will be reduced substantially. 

Å The system is attractive for many auto users, thus reducing congestion.  

Å Because every trip bypasses intermediate stations, stations can be spaced closer to-
gether without slowing the average speed, thus providing both increased access to the 
community and competitive trip times. 

Å Stations can be sized to demand, thus decreasing capital costs. 

Å As to accidents, no one can say that there will never be an accident, but the rate per 
hundred-million miles of travel will be less than one tril lionth of that experienced with 
autos. 

Å Seniors, currently marooned, will have much needed mobility and independence. 

Å ITNS will augment and increase ridership on existing rail or bus systems. 

Å By spreading the service among many lines and stations, there are no significant high-
value targets for terrorists.  

Å More livable high-density communities become possible. 

Å A pleasant ride is provided for commuting employees, thus permitting them to arrive at 
work rested and relaxed. 

Å More people-attracting parks and gardens become possible. 

Å Safe, swift movement of mail, goods and waste. 

Å Easier access to stores, clinics, offices and schools. 

Å Faster all-weather, inside-to-inside transportation.  

Å More efficient use of urban land. 



 

12 
 

 

 

7. Market -Opening Project  

All the research and development work needed to define ITNS in detail has been completed.  

The necessary next step to prepare for entry into a very large market is to build and operate an 

ITNS system of sufficient but not excessive size to demonstrate continuous, safe, reliable, com-

fortable, and secure operation at expected speeds in all weather conditions except extreme 

winds.  This requires construction of the oval guideway described in the Executive Summary , 

which is sufficient to attain continuous speeds up to 75 mph.3  One off-line station and three 

vehicles are enough to prove all technical features of the system.   

To complete the demonstration, it is necessary to recruit and educate a group of engineers who  

will develop procurement specifications for ITNS and its components, direct their procurement 

or manufacturing, direct the assembly and test of the first fully operational system.  The project 

is divided into 12 parallel tasks so that each engineer involved need become familiar in detail 

with only a small portion of the entire project, thus making it practical to move quickly into a 

new area.  

 

 

                                                             
3 If the client wants a different line speed, the test track can be revised in seconds. 

LRT ITNS LRT ITNS Auto ITNS

$/Daily Passenger Energy Use /
passenger-mi

Land Use

Results of Systems Engineering
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8. Tasks that must be completed to Commercialize ITNS  

Task #1: Management and Systems Engineering.   

Task #2: Safety and Reliability assurance. 

Task #3: Cabin.  

This task will be subcontracted, likely to the Pasadena School of Design. 

Task #4: Chassis.  

The design and manufacturing will be done internally.  Components will be ob-

tained from known sources. 

Task #5: Guideway and posts.  

These components will be subcontracted.  The posts are a specialty item that 

may be subcontracted to a firm such as Millerbernd, Winstead, MN. 

Task #6: Guideway covers.  

This is a specialty item that will be subcontracted. 

Task #7: Control system.  

Task #8: Propulsion and braking.   

We intend to purchase LIMs from Force Engineering, Ltd. 

Task #9: Wayside power.    

Power rails will likely come from Insul-8. 

Task #10: Civil works ς station, maintenance facility, foundations.  

Task #11: Test program.   

Task #12:  Planning and marketing for the first operational people-moving appli-

cation.   

 

The 1500 pages of analysis and specifications mentioned in Footnote #2 back up 

the program! 
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9. Technical  Skills needed to Commercialize ITNS 

 

Area of Responsibility Tasks Skills Required 
   
Systems Engineering Responsibility for coordination of all aspects of the 

design.  
Proven experience in sys-
tems engineering. 
 

Standards Review all applicable standards and report specific 
system and component requirements to the project 
managers. 
 

Experience in dealing with 
engineering standards 

Safety & Reliability Responsibility for all aspects of system safety, de-
pendability, hazard analysis, fault-tree analysis, and 
failure modes and effects analysis.  Documentation of 
all procedures used to insure safety in keeping with 
accepted standards for operation of automated 
transit systems.  Based on existing information and 
methodology, develop and maintain a model for cal-
culating system dependability. 
 

Strong experience in sys-
tem safety and reliability 
engineering. 

Weight & Cost Control 
 

Develop computer models for weight control of the 
vehicle and cost control of the system.  Maintain con-
tact with all subsystems designers to keep models up 
to date.  Report to project director and operations 
officer any deviations from target weight and cost.  
Develop model for calculating operation and mainte-
nance costs. 
 

Industrial engineer with at 
least five years of experi-
ence.  Strong analytical 
ability required. 

Vehicle Dynamics Based on an available program, perform dynamic 
analysis of vehicle moving through merge and diverge 
sections of the guideway with the worst combination 
of side loading (wind + centrifugal) + maximum un-
balanced load to verify the required maximum tire 
loads, tire stiffnesses, switch placement, flared switch 
rails, and ride comfort requirements. 
 

Mechanical engineer hav-
ing experience with com-
puter tools for dynamic 
analysis. 

Finite-Element Analysis Perform FEA to finalize the specifications of the post-
guideway bracket, the switch arm, and the chassis-
cabin attachments. 
 

Extensive experience with 
FEA tools. 

Test Program Review available descriptions of all necessary tests, 
define the test program, supervise all testing and 
document the results. 
 

Engineer with proven ex-
perience in test engineer-
ing. 

Control System 
 

The software for the system and vehicle control has 
been defined and the required types of hardware 
have been identified.  Based on this information, 

Operational computer 
software and hardware 
experience.  Understand-
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complete the design of the operational software and 
hardware, supervise procurement and installation of 
the components in the test system, update the test 
plan, and supervise testing. 
 

ing of differential equa-
tions and engineering me-
chanics. 

Propulsion & Power Sys-
tem 
 

Specify LIM-VFD system and power-supply and distri-
bution system, both on-board and at wayside.  Identi-
fy suppliers and work with them to finalize the de-
signs. Supervise installation in test system.   
 

Electrical engineer with 
experience in power sys-
tems. 

Guideway, Posts & Foun-
dations 
 

Perform computer verification of the guideway & 
post design.  Develop post-foundation design.  Coor-
dinate space requirements inside guideway with the 
chassis designer.  Develop the final design and draw-
ings.  Specify and supervise design of computerized 
jigs, fixtures, and robotic-welding equipment for 
guideway fabrication.  Help select the fabricator & 
supervise fabrication. 
 

Structural engineer with 
experience in use of com-
puter structural analysis & 
design tools.  

Vehicle Chassis 
 

The chassis includes wheel-axle-bearing assemblies, 
LIM & VFD, shock absorbers, switch assembly, park-
ing and emergency brake, mounting of power-pick-up 
shoes and transevers, equipment compartment for 
control and a/c components, frame, wiring, and inter-
face with cabin.  Develop final design drawings, find 
necessary suppliers, and supervise fabrication. 
 

Mechanical engineer with 
vehicle-system experience 
including computer tools 
for dynamic analysis of 
vehicle systems. 

Vehicle Cabin 
 

Review the design requirements.  Finalize bid docu-
ments and find cabin designer and fabricator.  Work 
with fabricator to develop and build the final design.  
Supervise fabrication.  Consider styling, structural 
design, thermal design, material selection, human 
factors, HVAC, aerodynamics, seat, automatic door 
operation and its fatigue testing, lighting, push-
button controls, interface with chassis. 
 

Mechanical engineer with 
experience in vehicle de-
sign. 

System Planning & Design 
 

Responsible for planning and design of specific appli-
cations including computer-graphics simulation of 
portions of system, and operational simulation to 
determine system performance, size and layout re-
quirements.  Estimate ridership.  Coordinate and ne-
gotiate with clients.   Market systems. 
 

Transportation engineer-
ing preferably with prior 
experience with PRT sys-
tems.  Strong analytical 
ability. 

Director 
 

Overall direction, supervision, and education of sys-
tems engineering team. 

Extensive experience in 
quantitative PRT systems 
analysis, planning and de-
sign. 
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Operations Officer Responsible for daily coordination, facilitation and 
expediting. 

Engineering background 
with experience in project 
planning and expediting. 
 

Contracts and Purchasing Responsible for negotiating contracts and for pur-
chasing of components and subsystems. 

Experience with engineer-
ing contracts and purchas-
ing. 

Support Develop and support for maintaining financial and 
accounting records and project controls.  The human-
resource functions also fall under this responsibility. 

Previous experience in 
support management. 

 
 
 

10.  Organization for the Demonstration Program  

The proposed organizational structure is as shown in following chart.  Over the first six 

months, we expect the organization to grow to about 20 engineers plus about six to ten 

members of the support staff.  In a year, we expect the staff to grow to a total of about 

50 people.  
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11.  The Industry  
 

1. System Owner.  This could be a public or private entity, and is responsible for seeing 
that the system is operated satisfactorily, which includes concern for safety, reliability, 
ride comfort, cleanliness, public relations, advertising, fare collection, etc.  With a finan-
cial partner with substantial resources, the combined entity may wish to take on this 
role.   The owner will of course enjoy much of the profit from all applications. 
 

2. Marketing.  Without marketing, there can be no business.  Marketing will insure that 
knowledge and characteristics of ITNS become widespread.  It will be necessary to pre-
pare videos, CDs, print material, displays, virtual-reality presentations, etc.; attend and 
participate in conferences and trade shows; meet one-on-one with potential clients; ar-
range presentations; and do all that is necessary to find clients interested in purchasing 
an ITNS system so the site-planning-and-design team can go to work. 

 

3. Financing.  The function of this group is to locate, secure, and manage the financing 
necessary to build specific systems; and to set the system price. 

 

4. Site Planning and Design.  Each application will require a team of architects, engineers, 
and planners to work with local officials to locate lines and stations, perform ridership 
analysis, simulate the operation, and do the detailed design needed to provide plans to 
the general contractor, who will supervise the installation.  There are many transporta-
tion-consulting firms that do this work under contract.   

 

5. Specification Development and Supervision.  This is the primary engineering task need-
ed to insure safety, reliability, ride comfort, service and cost containment.  It is a task 
that is never finished because there will be a continual stream of new ideas, products, 
procedures, and materials that must be considered and incorporated in specifications 
for new systems to stay ahead of competition and maximize profit for the owner.  This 
function can also be called research and development.  It encompasses the core engi-
neering, and will include experts in all the hardware and software subsystems who will 
gather and analyze information on the performance of existing systems, recommend 
improvements, design and supervise testing, and follow new developments that may be 
advantageously incorporated into the system.  People in this division will maintain cost, 
weight, and dependability models of the system. 
 

6. Manufacturing. 
 

a. Chassis.  This is a stainless-steel frame to which are attached the wheels, motors, con-
trol components, switch, parking brake, bumpers, and an air-conditioning compressor.  
The assembly and testing of the chassis is critical to performance and safety.  The 
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chassis frame and all its components will be subcontracted and will be assembled and 
tested internally.   

b. Cabin.  The design will be subcontracted to a firm experienced in vehicle design and 
construction, under our specifications. 

c. Guideway.  Subcontract to a structural design firm that will use computer tools to fi-
nalize the guideway and posts.  With our concurrence, he will select a steel fabricator 
skilled in precision bending of steel and capable of using and possibly designing the 
necessary computerized jigs, fixtures, and robotic welding facilities.  While the chassis 
and cabin are standard items, the shape of the guideway varies to match the curves, 
hills and speeds of each application.  Thus, there will be a regular flow of data on the 
coordinates of guideways to the steel fabricator that will require close coordination, 
cooperation and inspection. 

d. Station.  There will be a wide variety of station designs depending on the needs of the 
owner or community in which the system is to be built; however, there needs to be a 
standardized prefabricated design for those who wish to minimize cost while meeting 
requirements, including those to accommodate persons in wheelchairs, blind, deaf, 
and other types of disability.  We will be responsible for developing and maintaining 
specifications for the equipment needed in the station, which includes destination se-
lection, fare collection, elevator, lights, video surveillance, motion detectors, voice 
communication system, and a standardized design of the station building with its de-
tails subcontracted to a qualified architect.   

e. Ticketing System.  Destination selection and fare collection are aspects of the ticketing 
system.  Its specifications differ from those required in a conventional rail system. 

f. Power Supply.  This equipment is commercially available and will be specified by the 
consulting firm doing the site design. 

g. Propulsion and Braking.  Linear induction motors and variable-frequency drives are 
commercially available.  

h. Communication and Control.  The hardware is composed of available commodities.  
The system-control software has been simulated, proven, and must be maintained. 

i. Maintenance Facilities.  The maintenance operations, layout and use of automated 
equipment must be carefully designed.  While preliminary designs have been devel-
oped, this task is best subcontracted to a firm expert in such operations.  The facilities 
will be built under the supervision of a general contractor retained to install the whole 
system. 

j. Vehicle-Storage Facilities.  There are many configurations in which vehicles can be 
stored.  The design is likely to be site-specific under the supervision of the general con-
tractor.  Storage need not be in heated buildings.  Minimum storage can be along a sid-
ing with a low-cost roof and siding to keep snow and ice off the vehicles in the winter 
and the sun off them in the summer.  There is ample time from retrieval from storage 
to the nearest station for the cabin interiors to reach the comfort-temperature range 
before passengers enter. 

k. Administration Facilities.  These will be built under supervision of the general contrac-
tor. 
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7. Construction Contractor.  Takes the contract to do all the site preparation and system 
installation at each site. 
 

8. System Operator. It is likely that separate companies will be set up to operate ITNS for a 
fee from the owner.  These companies would do the actual work of maintaining safety, 
reliability, ride comfort, cleanliness, etc.  The core company responsibility will be to set 
standards and oversee the operations. 

 

9. Training.  People will need training for system operations, planning and engineering all 
the way up to the graduate level.  It will therefore be necessary to establish Training In-
stitutes.  Any person to be engaged in systems operations must be a graduate of such an 
institute.  There is much information that a planner needs to know to plan ITNS success-
fully, so courses for planners will be developed and taken as a prerequisite to assign-
ment to a specific project.  Engineers will need more detailed training, so courses of a 
year or more in duration will be taught.  

 

10. Government Relations.  There are many regulations and standards that may affect the 
deployment and operation of ITNS.  Thus, the core company needs people skilled in 
ƎƻǾŜǊƴƳŜƴǘ ǊŜƭŀǘƛƻƴǎ ǘƻ ƳƻƴƛǘƻǊ ŀƴŘ ƭƻōōȅ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƛƴǘŜǊŜǎǘǎΦ 

 

11. Legal.  There will be a great deal of work related to contracts and agreements, and to be 
certain that the company does not violate any applicable laws. 

 
12. Patents.  As the detailed engineering work proceeds, we will look for items that can be 

patented.    
 

13. Accounting.   
 

14. Administration.     
 

12.  Use of Proceeds 

 

Expenses $K  
Organizing & Training $1,200  
Task #1: Management & System Engineering $2,400  
Task #2: Safety Engineering $410  
Task #3: Cabin $3,250  
Task #4: Chassis $980  
Task #5: Guideway & Posts $19,800  
Task #6: Guideway Covers $450  
Task #7: Control $1,680  
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Task #8: Propulsion $725  
Task #9: Wayside Power $640  
Task # 10: Civil Works $1,980  
Task #11: Test Program $1,220  
Task #12: Application Marketing & Planning $1,960 $36,295 

   
Land for Demonstration System $270  
Rent & Utilities $90  
Travel $80  
Public Relations $560  
Legal $370  
Insurance $50  
Printing/Binding $60  
Director Fees $200  
Other Administrative $95 $1,775 

  $38,070 

   $6,930 

TOTAL   $45,000 

 
We expect that the demonstration will be fully operational in 24 months from the notice to 

proceed, and that an additional 6 months will be needed to complete and document the test 

program.  Planning for the first operational system will be initiated as soon as the planning 

team can be appropriately educated.  The first operational segment will begin providing service 

within 36 months from the notice to proceed with full funding. 

 

13.  The Market  
 

The Present State of Urban Mobility  

 

Per ABC News (2014) congestion is the worst it has ever been and keeps getting worse year by 

year.  Americans spend 74.5 million hours stuck in traffic every day.  The Federal Highway Ad-

ministration blames bad road design and conditions for 30% if highway fatalities.  Idling cars 

and trucks emit environmentally unfriendly gases at an alarming rate, while the need to reduce 

greenhouse gases is more apparent every year.  Since 1970, the U. S. population has grown by 

32% while the number of licensed drivers has grown by 64%.  The number of registered vehicles 

has grown by 91% and the vehicle-miles travelled by 131%.  However, the total number of miles 

of roads has grown by only 6%.  While congestion is bad here, the most congested U. S. city (Los 

Angeles) ranks only 13th internationally, indicating that the worldwide market for ITNS is very 

large.  
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Automated automobiles are much in the news, but they are no substitute for going to a new 

level on an exclusive guideway.  ITNS requires only about 0.02% of the surface land while the 

auto system requires between 30% and 70%.  Moreover, by using linear induction motors for 

acceleration and braking, the practical minimum safe headway reduces by a factor more than 

10 and does not depend on the weather.  The land required for each surface vehicle is the cruis-

ing speed multiplied by the safe headway.  Thus, if the length of ITNS vehicles were the same as 

the length of self-driving vehicles (ITNS vehicles are shorter), the land required by self-driving 

vehicles is 10-times the land required for ITNS.  These facts result in a huge reduction in land 

required for ITNS and reflect the need for ITNS rather than autonomous autos to reduce con-

gestion.  Moreover, once a trip on ITNS is complete, the vehicle is instantly available for another 

trip, thus reducing substantially the number of vehicles needed.  Per an article in the Wednes-

day, March 16, 2016 issue of the St. Paul Pioneer PressΥ ά{ŜƭŦ-ŘǊƛǾƛƴƎ ŎŀǊǎ ŀǊŜƴΩǘ ȅŜǘ ŀōƭŜ ǘƻ Ƙŀƴπ

dle bad weather, including standing water, drizzling rain, sudden downpours and snow, Missy 

/ǳƳƳƛƴƎǎΣ ŘƛǊŜŎǘƻǊ ƻŦ 5ǳƪŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ ǊƻōƻǘƛŎǎ ǇǊƻƎǊŀƳΣ ǎŀƛŘ Φ Φ Φ ŀƴŘ ǘƘŜȅ ŎŜǊǘŀƛƴƭȅ ŀǊŜƴΩǘ 

ŜǉǳƛǇǇŜŘ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ ŘƛǊŜŎǘƛƻƴǎ ƻŦ ŀ ǇƻƭƛŎŜ ƻŦŦƛŎŜǊΦέ  In mixed traffic, self-driving automobiles 

will increase congestion because the minimum safe spacing must be set at the same value by 

each car company and a manually driven car will slip into the space between two autonomous 

cars and cause the rear car to slow into the traffic behind.  The autonomous car control system 

must be much more complex than required for ITNS, and faces legal problems not yet solved.  

ITNSΩǎ ƎǊŜŀǘŜǎǘ ǾŀƭǳŜ ƛǎ ǿƘere the roads are congested and there is no room for a bus or train.  

Autonomous cars can complement ITNS. 

 

Comparisons between Conventional Transit and ITNS 

Land Use 

Elevated ITNS requires surface land only for the foundations for its posts and for stations.  With 

lines spaced half a mile apart and stations every half 

mile ITNS requires only 0.02% of the land, whereas 

the auto system requires about 30% of the land in 

residential areas and typically upwards of 50% of 

the land in central business districts.  Line by line, 

surface-level street railways require more than ten 

times the width required for ITNS.   

Figure 14 gives a comparison between surface-level 

right-of-way requirements along a single line for 

                                                             
4 Figures 1 and 2 from Paul Hoffman and Jon Carnegie, Viability of PRT in New Jersey, FHWA-NJ-200x-00x, 2006. 

0

200

400

600

800

1000

1200

1400

1600

Freeway Bus Rail PRT

Figure 1. Surface Land Required for Right-
of-Way  for Equal Capacity



 

22 
 

three conventional urban transportation modes and ITNS (PRT).  

1. A three-lane freeway.  With its shoulders, a freeway is about 300 feet wide and can car-
ry 6000 cars in each direction with typical rush-hour occupancies of about 1.1 people 
per vehicle, or 6600 people per hour per direction.  The width requirement per mile is 
300(5280) = 1,584,000 sq-ft. 
 

2. A bus system.  Assume 30 50-passenger buses per hour (a schedule frequency of 2 min) 
operating at 80% occupancy on lanes 12 feet wide.  With five such lanes per direction 
the capacity would be 6000 people per hour per direction.  A two-way system of that 
capacity would require 10 lanes, which would require a width per mile of 12(5280)(10) = 
633,600 sq-ft. 
 

3. A light-rail system.  Assume 10 200-passenger vehicles operating each hour in consists 
of 4 vehicles each at a load factor of 80%.  The capacity per direction would be 6400 
people per hour.  A two-way light-rail line occupies a width of 28 ft, so the land re-
quirement per mile would be 28(5280) = 147,840 sq-ft. 

 
4. ITNS.  A fleet of vehicles with an average occupancy of 1.1 persons operating at 0.6 sec 

headway gives 6600 people per hour.  The surface-land requirement is 9 sq-ft for each 
post-foundation spaced 90 ft apart plus a 500 sq-ft station every half mile, giving a total 
land requirement per mile of 1528 sq-ft.  Unlike the other systems, ITNS does not im-
pede anything that may want to move under the guideway. 

 

Average Speed 

Figure 2 shows the reported average speeds of 

three conventional modes of transit compared 

with the estimated average speed of an urban 

PRT system.  The speeds of the conventional 

modes have been obtained from APTA.  

Average Trip Time 

The average trip times shown in Figure 3 

include for the conventional transit sys-

tems typical minimum and maximum wait 

times including transfer times.  Since the 

average wait time for PRT is very short, 

here assumed to be one minute, the con-

trast with conventional systems is even 

greater than the comparisons of Figure 3. 
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Capital Cost per Daily Trip 

The important economic factor in compar-

ing conventional transit with ITNS is the 

cost per daily rider.  The Minneapolis light 

rail system was reported to have a capital 

cost of $720,000,000 and it was announced 

that the ridership would be about 20,000 

rides per day, which gives a cost per daily 

rider of $36,000.  An 11-mile ITNS for 

Downtown Minneapolis was subject to a 

professional ridership analysis, which re-

sulted in an average estimate of 73,000 

rides per week day.  A cost estimate, based on vendor estimates, was about $100,000,000 for 

this system.  Since ITNS is new, suppose we estimate $200,000,000.  Then its cost per daily rider 

would be $2740, showing that ITNS would come in at less than one twelfth (8.3%) of the cost per 

rider of the light rail system.  The comparison is shown in Figure 4. 

Energy Use 

The energy use in kW-hr per passenger-

mile of seven conventional modes of transit 

is compared with ITNS in Figure 5.5  The 

names of these modes are abbreviated as 

follows: 

HR = Heavy Rail 

LR = Light Rail 

TB = Trolley Bus 

MB = Motor Bus  

VP = Van Pool with high vehicle occupancy 

DB = Dial-a-Bus     

 

Figure 5. Energy Use.  

                                                             
5 J. E. Anderson, What Determines Transit Energy Use? Journal of Advanced Transportation, 22:2(1988):108-132. 
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A = Automobile 

PR = PRT(ITNS)       

The energy input required supplies the kinetic energy of the vehicle; overcomes road resistance 

and air drag; supplies energy for heating, ventilation and air conditioning; and is needed to 

build the system.                  

 Summary 

ITNS is attractive because of 

¶ Very small land requirement, 

¶ High ridership potential, which together with its low capital and operating cost results in 
low cost per passenger-mile, 

¶ Energy efficiency that results mainly by eliminating intermediate stops, which means 
that high average speed can be maintained without going to excessive cruising speed, 

¶ Smaller trip time that results from eliminating intermediate stops, 

¶ Ability to operate from sustainable energy sources, and 

¶ Lack of emissions, which has become more and more important as the need to reduce 
CO2 emissions has increased. 

 

Market Size and Growth Rate 

 

As one measure of market size, consider that in the United States about 8 billion trips are taken 

on transit every year6.  Studies show that the ratio of trips per year to trips per weekday is 

about 300, and for a demand-responsive system the ratio of trips per weekday to the trips in a 

peak hour is about 107.  Thus, there are about 8000(10)6/3000 or 2.7(10)6 transit trips per peak 

hour. The number of vehicles required to carry a given number of trips in a peak hour is the 

peak hour flow multiplied by the average trip time and divided by the average vehicle occupan-

cy.   If these trips were to be carried by ITNS vehicles, a reasonable assumption is that the aver-

age vehicle occupancy counting empty vehicles is one.  The average trip time is the average trip 

length divided by the average speed.  It is fair to assume an average trip length of 4 miles and 

with ITNS an average speed of 25 mph, giving an average trip time of 0.16 hr. Thus, the number 

of ITNS vehicles required to carry the number of trips carried daily by conventional transit is 

approximately 2.7(10)6 (0.16) or 430,000.  It is reasonable to assume an average of 40 vehicles 

per mile.  Thus, the number of guideway miles required would be about 10,700.  At a sale price 

of $15,000,000 per mile, this is a market of approximately $160 billion.  Conventional transit in 

the United States attracts between 3% and 4% of the daily vehicle trips.  Several studies have 

                                                             
6 APTA 2005 Transit Fact Book. 
7 Boris S. Pushkarev & Jeffrey M. Zupan, Public Transportation and Land Use Policy, Indiana University Press, 1977. 
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shown that ITNS will attract at least five and 

possibly 10 times as many trips.  Once the 

first operating ITNS system has had a few 

years of experience, it can be expected that 

new starts will take place more and more 

frequently, increasing per the well-known S-

curve.  It seems reasonable to suppose that 

in 30 years 10% ƻŦ ǘƻŘŀȅΩǎ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳǎ 

will be replaced or augmented by ITNS, but 

at five times the ridership.   This would cor-

respond to a market of about $80 billion.   In 

any case, from this analysis, the projected 

growth of the company is shown in Figure 8.  A market goal in ten years of $400 million seems 

attainable.   

This market will develop slowly but exponentially until saturation is approached.  With half the 

market developed in 15 years, likely no more than 5% will be developed in the first ten years, 

which is the time during which consultants and educators would be obtaining familiarity with 

ITNS.   Major efforts on PRT are occurring mainly in Europe, where European PRT systems may 

dominate.  It is difficult to say how much of this market or of the Asian market can be captured 

by an American PRT system.   Since, now there is increased interest in reducing dependence on 

oil and reducing carbon dioxide emissions, ITNS may catch on more quickly.  

Target Markets 

The early markets, mainly for passenger movement, are expected to be found in highly con-

gested business districts, airports, theme parks, office parks, hospital complexes, shopping cen-

ters, and retirement communities.  There is interest known to us in these kinds of applications, 

characterized by two fundamental factors: 1) the decision-making process is relatively easy, and 

2) there is a strong local champion.   

The Competition 

The most comprehensive web page devoted to Innovative Transportation Technologies is man-

aged by Emeritus University of Washington Regional Planning Professor Jerry Schneider.  The 

address of this web page is http://faculty.washington.edu/jbs/itrans/.  There is a growing num-

ber of other web pages devoted to new transit technology, the most prominent of which are 

www.advancedtransit.org, www.gettherefast.org, http://kinetic.seattle.wa.us/prt.  From these 

web pages, many web pages devoted to specific systems can be found.          
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While most of the systems shown on Professor SchneƛŘŜǊΩǎ ǿŜō ǇŀƎŜ ŀǊŜ ƴƻǘ ǎŜrious competi-

tors, the few that may be are the following:      

Figure 13.9, shows the ULTra PRT system, which has been un-

der development at Bristol University in the United Kingdom 

and is now moving people and their luggage from parking lots 

into the terminals of Heathrow International Airport.  This sys-

tem uses a wide guideway, which has a large visual impact and 

is a snow-catcher in winter months.  This system possesses the 

following characteristics, which will limit its use to fair weather, 

low-speed, low capacity, small systems:                 Figure 13.9. ULTra.   

   

¶ Rotary motor propulsion and wheel braking, which lim-

its the headway to about 6 sec.  

¶ Synchronous control, which limits the practical system 
size. 

¶ On-board battery power, which limits speed and ca-

pacity.                  

           

              Figure 13.10. Vectus  

Figure 13.мл ǎƘƻǿǎ YƻǊŜŀƴ ǎǘŜŜƭ ŎƻƳǇŀƴȅ tƻǎŎƻΩǎ ±ŜŎǘǳǎ tw¢ ǎȅǎǘŜƳΣ ŀ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ 

which was built in Uppsala, Sweden.  As seen in Figure 13.10, it uses a wide guideway.  Moreo-

ver, the vehicles are propelled by linear induction motors mounted in the guideway.  These mo-

tors must be placed quite close together to be able to emulate continuous thrust.  Since at av-

erage flows there will typically be no more than about 40 vehicles per mile or one vehicle every 

130 feet, the system will require about ten times as many motors as if they were mounted in 

the vehicles.  This will make the guideway heavier and costlier than a system, such as ITNS, in 

which the motors are mounted in the vehicle ς even considering the cost of power rails.    

 

Figure 13.11 shows the third system we will illustrate.  It is 

ŎŀƭƭŜŘ ά{ƪȅ²Ŝō 9ȄǇǊŜǎǎΣέ ƻŦŦŜǊŜŘ ōȅ ¢ŀȄƛ нллл /ƻǊǇƻǊŀǘƛƻƴΦ  

This system was designed by Dr. Anderson, who found it 

necessary to resign from Taxi 2000 Corporation in early 

2005.  This system is not limited in the ways described 

above ς it is an all-weather system designed to be indefi-

nitely expandable.  It was announced in June 2017 that Taxi 

2000 has closed its doors ς it is out of business.                     Figure 13.11. Taxi 2000      
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14. Market Strategy  
 

The sale of systems costing upwards of $100,000,000 is a complex process.  Until the first real 

application is in operation, the major sales tool will be our demonstration system.  It will be the 

tool needed to provide data on safety, reliability, comfort, and both capital and operating cost.  

As additional tools, we will develop 3-D virtual-reality simulations of specific applications, de-

velop brochures and displays to be used at the many transportation and planning conferences, 

give presentations at these conferences, and maintain a web site.  We can expect that, as has 

occurred previously, magazines, newspapers, and television stations will be anxious to describe 

our system at no cost to us.  As we keep a growing number of people and institutions informed 

of our progress, we expect to make the first sales without the need for a worldwide marketing 

campaign.  Indeed, at the end of this section is a table listing 12 applications, in each of which a 

prominent individual believes that the listed application will be ordered once testing is com-

plete.  This list was culled from almost 100 applications known to us.  A great deal of the adver-

tising needed will be provided by other groups and individuals that have already been watching 

our progress.     

 

On any specific application, the process for making a sale is generally as follows:  

¶ We make enough presentations and answer enough questions to convince the entity to 

look deeper. 

¶ When the entity decides to proceed, the next step is a planning study in which detailed 

line and station layouts are made in cooperation with local planners, ridership is esti-

mated typically by a specialty firm, a simulation of the application is made with a tool 

we have developed, three-dimensional visuals are developed to show how the system 

will appear in place, and costs are estimated.  This work will be financed by the entity. 

¶ If from this work the entity wishes to proceed further, having determined that the appli-

cation can be financed, they may wish to prepare a request for proposals and solicit bids 

from various PRT companies.  In that case, since the system designed by Dr. Anderson 

has already won competitions in Chicago, SeaTac, and Cincinnati, we are confident that 

we will be in a strong position to win. 

¶ The selection of a specific PRT system constitutes the beginning of a sale, which general-

ly goes in stages:  First is preliminary engineering, in which remaining questions are an-

swered, a more detailed design of the planned system is developed, and its costs are 

calculated.  If the results of this preliminary-engineering process are satisfactory and the 

needed funds are secured, a contract is drawn for final design, construction, and test. 
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Pricing Policy 

 

Once we are funded and underway, a critically important task of our management is to deter-

mine how to price our systems, considering all the project management costs, marketing and 

sales costs, education costs, lobbying costs, costs to negotiate and develop appropriate stand-

ards, legal costs, patent costs, continuing product-improvement costs, overhead, system-

support costs, employee benefits, and profit.  The price of our systems must be high enough to 

cover all costs and profit, but not so high that we discourage sales. 

Optimal 10 Year ITNS Funding for 12 Projects 

 City Project Name Miles Track; 
Stations/mi 

Start 
Date 

Capital 
Expense 

Operating 
Expense 

net of Rev-
enue 

1 Rochester, MN Urban Area 34 mi, 2 sta/mi 2022 $400M $11M/yr 

2 MSP, MN Parking to Airport 20 mi,  
2 sta/mi 

2021 $300M $10M/yr 

3 Winnipeg, MN Urban Area 25 mi,  
1.6 sta/mi 

2021 $300M $11M/yr 

4 San Jose, CA A/P to Rail 34 mi, 2 sta/mi 2023 $510M $15.3M/yr 

5 Chicago, IL hΩIŀǊŜ ǘƻ [ƻƻǇ 35 mi,  
1.5 sta/mi 

2024 $525M $17.9M/yr 

6 Anaheim, CA Disney and  
surroundings 

25 mi, 2 sta/mi 2025 $400M $12.0M/yr  

7 Bloomington, 
MN 

MSP to hotels and 
parking 

23 mi, 2 sta/mi 2023 $345M $10.4M/yr 

8 Branson, MO Tourist Center 15 mi, 4 sta/mi 2025 $270M $8.1M/yr 

9 Chicago  Hospital Connector 30 mi, 
2 sta/mi 

2025 $450M $13.5M/yr 

10 
 

Nashville, TN Medical Center 5 mi,  
3.6 sta/mi 

2025 $100M $3M/yr 

11 Kauai, HI City Connector 90 mi,  
1 sta/mi 

2026 $1170M $35M/yr 

12 Auckland, NZ Airport connector 16 mi, 1.5 
sta/mi 

2026 $240M $7.2M/yr 

 

15. Valuation  
 

ITNS ƛǎ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ Ŏƭŀǎǎ ƻŦ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳǎ ŎŀƭƭŜŘ άtŜǊǎƻƴŀƭ wŀǇƛŘ ¢Ǌŀƴǎƛǘέ ƻǊ tw¢ ŀƴŘ ƛǎ 

the leading embodiment of this class.  Even before hardware was built, it won competitions in 

Chicago, SeaTac, and Cincinnati; and a Swedish report concluded that if it were tested full-scale 

it would be the preferred PRT system for Swedish cities.  When hardware designed and super-

vised by its developer was built, it worked exactly as specified.  ITNS represents a paradigm 

shift in the means for providing public transit.  Therefore, efforts of the many inventors and en-

gineers who have attempted to introduce this new and markedly superior form of public trans-

portation had to overcome fierce opposition from practitioners of the conventional art.  Almost 
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all of them gave up.  Compared on a per-passenger-mile basis with the average surface-level 

urban rail transit system, ITNS will cost for capital and operation a small fraction and will use a 

small fraction of the energy.  Moreover, ITNSΩǎ ŜŦŦƛŎƛŜƴǘ ǳǎŜ ƻŦ ǳǊōŀƴ ƭŀƴŘ ƳŀƪŜǎ ƛǘ ƛŘŜŀƭ ŦƻǊ ŀǇπ

plications in which there is no room for streetcars or buses.    

 

How could this have happened?  To understand requires that the reader gain some apprecia-

tion for the background and motivations of the principal developer of ITNS, Dr. J. Edward An-

derson, whose biography is given in Appendix B and can be found in Wikipedia. 

 

¶ His first professional job after receiving his Bachelor of Science in Mechanical Engineer-

ing had the title Aeronautical Research Scientist, Structures Research Laboratory, Na-

tional Advisory Committee for Aeronautics, Langley Field, VA, where he received an ed-

ucation equivalent to a MasterΩs Degree in Structural Engineering and contributed to the 

structural design of the wing of one of the !ƛǊ CƻǊŎŜΩǎ Ƴƻǎǘ advanced fighter aircraft. 

¶ His second job was as a Senior Design Engineer at the Honeywell Aeronautical Division 

in Minneapolis, where his first design enabled Honeywell to totally dominate the Air-

craft Fuel Gage Business, and his second design won the Aviation Age Product-of-the-

Month Award. 

¶ He transferred to the Research Department of Honeywell Aero where, after a year of 

study of the control of aircraft and missiles, he was put in charge of 15 Research Engi-

ƴŜŜǊǎ ǿƻǊƪƛƴƎ ƻƴ ŀǳǘƻǇƛƭƻǘǎ ŦƻǊ ǘǿƻ ƻŦ ǘƘŜ !ƛǊ CƻǊŎŜΩǎ Ƴƻǎǘ important new fighter air-

ŎǊŀŦǘΣ ŀƴŘ ƘŜ ǿŀǎ ǇǊƻƳƻǘŜŘ ǘƻ άǇǊƛƴŎƛǇŀƭ ŜƴƎƛƴŜŜǊέ ŀǘ ǘƘŜ ǘƛƳŜ ǘƘŀǘ ƻƴƭȅ ŀōƻǳǘ м҈ ƻŦ 

the engineers at Honeywell held this title. 

¶ To satisfy his desire to further his education, while working full time at Honeywell he 

ŜŀǊƴŜŘ ŀ aŀǎǘŜǊΩǎ 5ŜƎǊŜŜ ƛƴ aechanical Engineering at the University of Minnesota, fol-

lowing which in successive years he took year-long graduate sequences in 

 

o Advanced Mathematics 

o Analytical Mechanics 

o Probability Theory 

o Theoretical Physics 

 

¶ He was later assigned to Inertial Navigation where he invented and led the development 

of a new type of Inertial Navigator that is now standard equipment in most military and 

civilian aircraft. 

¶ A year after Sputnik, he applied for and received a Fellowship to work on a PhD in Aero-

nautics and Astronautics at the Massachusetts Institute of Technology.  His PhD thesis 

involved electromagnetics and was the only one out of 200 M. I. T. PhD theses that year 
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that was published by M.I.T. Press.  It is used by physicists who study the containment of 

hot gasses by magnetic fields, and still produces royalty checks. 

¶ Upon returning to Honeywell, he was appointed Manager of Space Systems in which 

role he directed a group of 25 senior engineers on the design of a spacecraft called a So-

lar Probe, which was to travel inside the orbit of Mercury to gather data on the particles 

and fields around the sun.  After five months of work using only company funds, and af-

ter giving presentations and reports to NASA, NASA sent Honeywell a letter of commen-

dation stating that they considered Honeywell as far advanced as funded contractors 

who had been working on the Solar Probe for several years.  This project led to Honey-

ǿŜƭƭΩǎ ŦƛǊǎǘ ǎǇŀŎŜŎǊŀŦǘ ς an orbital infrared scanner. 

¶ At this point, his yearning to teach led him to accept the position of Associate Professor 

of Mechanical Engineering at the University of Minnesota.  In 1971 he was promoted to 

Full Professor.  

¶ Every one of his engineering assignments, including teaching and research at the Uni-

versity, added to and rounded out the knowledge he would need to design a superior 

PRT system.  

In 1968 the Urban Mass Transportation Administration (UMTA) released a report ŜƴǘƛǘƭŜŘ ά¢ƻπ

ƳƻǊǊƻǿΩǎ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴέ of work of 17 companies and research centers on the application of 

new technology to public transportation, which became possible only because of knowledge of 

the work of a few inventors and developers who had initiated and worked on PRT during the 

previous 15 years.  Knowledge of U. S. government interest resulted in a rush of activity not on-

ly in the United States, but in all the major industrialized countries in the world.  In almost all 

cases the rush to riches resulted in poorly designed systems that lacked even the most basic 

elements of systems engineering and caused a great deal of confusion in transit planning cir-

cles.  

 

A successful PRT design required a firm and detailed understanding of the requirements of the 

design before detailed design could be initiated, which required seasoned understanding of 

every relevant engineering science, a strong grasp of engineering mathematics, and experience 

in laying out and promoting PRT systems in specific applications.   Good systems engineering 

required strict objectivity in selecting components, but that required a great deal of research 

that most of those companies had neither the patience for nor resources to undertake.  Such 

activity could take place in a Research University, and Dr. Anderson plunged in.  PRT was the 

kind of project he had been looking for ς one where he could apply his knowledge and skills to-

ward great benefits for mankind.   
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¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ 5ǊΦ !ƴŘŜǊǎƻƴΩǎ ŀǇǇǊƻŀŎƘ ǘƻ tw¢ ŀƴŘ ǘƘŜ ǿƻǊƪ ƻŦ ƻther PRT investigators 

is in the rigorous process of SYSTEMS ENGINEERING he has applied, and that was possible be-

cause of the many disciplinary engineering skills he had acquired. 

The fact that we are where we are today, however, is a direct result of one outstanding excep-

tion:  The Aerospace Corporation under the leadership of its Vice President, Dr. Jack Irving.  He 

became interested in PRT in 1968.  He and his team did the necessary research, because of 

ǿƘƛŎƘ ǘƘŜ tw¢ ǎȅǎǘŜƳ ŘŜǾŜƭƻǇŜŘ ǳƴŘŜǊ 5ǊΦ LǊǾƛƴƎΩǎ Řirection attracted the attention of Dr. An-

derson and the University of Minnesota Task Force on New Concepts in Urban Transportation 

that he led.  Under the above mentioned UMTA research and training grant and other grants, 

sufficient funds permitted Dr. Anderson to visit work going on in PRT in many cities in the Unit-

ed States and in Japan, England, France, Germany, Sweden, and Switzerland.  These visits, cou-

pled with the research he and his 15 colleagues did, showed unequivocally that the Aerospace 

PRT System was markedly superior to any other PRT design.  Unfortunately, heavy lobbying 

stopped their work.  Improvements made by Dr. Anderson and his team have been due to ad-

vances in technology and in continued research and development. 

  

Under the auspices of ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƴŦŜǊŜƴŎŜǎΣ 5ǊΦ !ƴŘŜǊǎƻƴ 

chaired International Conferences on PRT in 1971, 1973, and 1975 and edited the proceedings 

of the first two of these conferences.  These conferences brought together 215 researchers, 

who shared and debated their ideas.  It was estimated that by 1980 about $2 billion had been 

spent on a variety of types of automated guideway transit including PRT.  That expenditure 

provided experimental evidence of features a PRT system should have and features it should 

not have.  Only after 13 years of detailed study of PRT and of the work of other PRT investiga-

tors, engagement in PRT planning studies, giving hundreds of presentations and listing to and 

recording the feedback, work in a major study of transit alternatives in Denver, work on PRT as 

a consultant to Raytheon Company, serving as the first President of the Advanced Transit Asso-

ciation, work as U. S. Representative of the German PRT system called Cabintaxi, work on PRT 

as a consultant to the State of Indiana, and assembling findings in the first and only textbook in 

this field (Transit Systems Theory, Lexington Books, D. C. Heath and Company, available on 

www.advancedtransit.org/Library/Books) did Dr. Anderson initiate the design of the system 

now called ITNS.   

 

To design ITNS, all the past work had to be assimilated and understood even though almost all 

those efforts had failed.  The experimental evidence obtained showed most often how not to 

build a successful PRT system.  Lessons from these activities have been invaluable.  It took many 

years of study of all significant work on new forms of transit as well as detailed planning of 

them in a variety of specific settings to appreciate all the requirements of a successful design.  

There are many ways to design a PRT system, most of which are dead ends.  Dr. Anderson used 

http://www.advancedtransit.org/
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his knowledge of the engineering sciences, engineering mathematics, and economics (he taught 

Engineering Economics in the late 1970s) to study dozens of tradeoff issues.  He aimed to do so 

with absolute objectivity until the approach to be taken in each issue became clear.   Such a Sys-

tems-Engineering Process was possible only because of his in-depth prior involvement in all the 

branches of engineering required in the design of ITNS. 

 

ITNS represents a culmination of research and development directed at achieving an economi-

cal and reliable solution to urban transportation that will minimize use of land, material and 

energy, will minimize pollution of all kinds, and will provide an unparalleled level of service.  

Remarkably, this combination of benefits minimizes capital and operating costs.  The work that 

led to ITNS was conducted by Dr. Anderson and colleagues at two major research universities, 

in cooperation with three government agencies and five major private companies.  A study of 

other PRT designs shows that without such experiences, mistakes are made and will continue to 

be made.  It is unlikely that any engineering group working in a period acceptable today to a 

group of investors will have the patience needed to arrive at the comprehensive collection of 

requirements and technology that a successful PRT design requires.  The drive to continue had 

to be self-motivated.  

A NUMERICAL VALUATION of the intellectual knowledge and know-how that is represented in 

the 1500 pages of detailed plans and specifications of ITNS is not possible to derive.  How much 

of the work of others, for example The Aerospace Corporation, should be included?  Without 

that work ITNS would not exist.  ITNS is unique.  The experiences that led to it are not repeata-

ble.  Its value is not only a result of the direct activity that has gone into it, but in the associated 

work by many companies and governments, without which ITNS could never have been devel-

oped.  The international demand for ITNS lies today in every corner of the civilized world, and 

the return to the investor will far exceed almost any other investment.    A lead investigator es-

timated the worldwide market to be over $1 trillion. 

 

16. Patents 

 
The basic patents granted to the University of Minnesota on the system invented by Dr. Ander-

son have expired.  Once we are underway, we will seek patentable ideas and file for patents as 

a priority of our development process.  We have exhaustively searched for patents upon which 

we may infringe and have found only one ς U. S. Patent тΣсмтΣфтт ά¢ƛŎƪŜǘƛƴƎ ǎȅǎǘŜƳ ŦƻǊ ǇŜǊπ

soƴŀƭ ǊŀǇƛŘ ǘǊŀƴǎƛǘΣέ ŀ ƳŜǘƘƻŘ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ŎƻƳƳƻƴ ƪƴƻǿƭŜŘƎŜ ŦƻǊ ŘŜŎŀŘŜǎ.  This patent can 

easily be circumvented and the company that owns it is out of business.  The investors in ITNS 

will own the detailed plans and specifications needed to build systems. 
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17.  How will the Enterprise make Money? 
 

The company will own the detailed plans and specifications developed during the final design 

and test work summarized in the 12 Tasks of Appendix A.  It will make its money from markup 

on system sales, from maintenance contracts, from fees for training, and as a fraction of the 

revenue from systems operated by franchisees or concessions.  Concessions or franchises will 

make their money from revenue on ITNS directly from fares and advertising, and indirectly from 

the increased value of land freed up because of the very small amount of land required by the 

system.  In many situations, all the costs will be recovered from revenues, making ITNS a profit-

able private business.  

 

18. Risks 

 
1. Management.  We are a small start-up company that will consist of managers and engi-

neers who thus far have little experience in working together.  The investor must be sat-
isfied that such a group, which must enlarge substantially, will work together coopera-
tively and successfully, and that new members will be provided opportunities to become 
thoroughly proficient in their assigned areas of the technology.  The burden is on the 
company to be as certain as reasonably possible that new hires have the knowledge and 
commitment needed for success.  As part of the process of selection of new employees, 
each will be subjected to a comprehensive psychological interview.   
 
By working in cooperation with established engineering companies that subcontract to us, we 
will satisfy the need for an established working environment.  Experience with the Chicago RTA 
project showed that assigning the task of Prime Contractor to a company totally new to PRT 
produced a system much too expensive to find a market. 

 

2. Technology.  ITNS is a new configuration of technologies, albeit all existing technologies.  
These technologies must function economically day after day with less than one hour of 
delay for every 10,000 hours of operation for decades and with acceptable ride comfort, 
an outstanding safety record, and at a cost well under that required by competitors.  
Because computations practical only on digital computers are needed in planning, de-
signing, manufacturing, operating, and managing PRT systems, the practicality of these 
systems has depended on advances in computer hardware, software, and fault toler-
ance.  The investor must be satisfied that the necessary technical advancements will be 
used and that the systems engineering team assembled is sufficiently versed in such 
technologies. 

 

The technology proposed has been under development for over 30 years and the specific sys-
tem proposed by the Company has been subject to extensive design reviews over the past dec-
ades that have shown that the technology is well within the state-of-the art.  
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3. Competition.  Several companies are planning, designing, and building PRT systems.  The 
investor must be satisfied that our approach to PRT will be strongly competitive and in-
deed superior to other approaches to PRT, either in the technology or in the people in-
volved. 

 

None of the other PRT companies offering PRT systems have enjoyed the depth and breadth of 
ŜȄǇŜǊƛŜƴŎŜ ǘƘŀǘ 5ǊΦ !ƴŘŜǊǎƻƴ Ƙŀǎ ƘŀŘ ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ŜȄǇŜǊǘ ƻƴ tw¢ ǎȅǎǘŜƳǎΦ  ¢ƘŜ ǇǊƻπ
cess that has been the foundation of that expertise is described in Section 15.  

 

4. Code Requirements.  Introducing a new system into the present complex fabric of indus-
trial society requires compliance with a wide range of codes and standards.  For exam-
ple, late in the development cycle of the German Cabintaxi PRT system in the late 1970s 
a German railroad engineer found a standard that required all the plates in railroad 
bridges to be at least 12 mm thick, whereas the developers of Cabintaxi had specified 8 
mm thickness as wholly ample for the plates of their guideway.  The railroad engineers 
managed to get the elevated Cabintaxi guideway designated as a railroad bridge, and 
the time required for renegotiation of payment for the extra steel led to cancellation of 
the program. 
  
Mainly because of the Chicago PRT project (1990-1994), all the codes and standards required 
have been identified, the most important of which are the ASCE Automated People Mover 
Standards, the National Fire Safety Board standards for automated people movers, International 
Standards Organization ride-comfort standards, and the Americans with Disabilities Act.  As our 
project begins, all the necessary standards will be assembled and reviewed.   

5. Costs and Schedules.  While our program plan has benefited over many years from a 
great deal of analysis, design, discussions with manufacturers, and operating experi-
ence, meeting the projected costs and schedule depends on securing the services of 
many skilled personnel and companies.  Inability to obtain the services when needed 
could delay the effort and increase its costs. 
 

Our intention is to develop the project in an area where there is a great deal of high-tech talent 
and many small manufacturing firms from which to choose. 

 

6. MarketingΦ  !ƴ ŀŘŜǉǳŀǘŜ ǊŜǘǳǊƴ ƻƴ ƛƴǾŜǎǘƳŜƴǘ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƳŀǊƪŜǘƛƴƎ 
efforts have secured system orders with the expected frequency. The time required to 
complete necessary arrangements may be longer than anticipated and the economic 
situation may deteriorate.  Thus, the projected program must be conducted in recogni-
tion of perpetually imperfect knowledge.   
 
We have already identified dozens of good applications, and are cognizant of the need to        
maintain a strong marketing effort. 
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7. Risk of Obsolescence.  While every effort has been made to insure an optimum, adapta-
ble design ς one very difficult to improve or circumvent ς other technological break-
throughs may shorten the life expectancy of our approach to PRT.   

 

An important strategy in the design of ITNS has been to use off-the-shelf components wherever 
possible and to review the state of the art for new ideas that will improve performance and/or 
lower cost.  No one can ever assume that no new technology can render any system obsolete, 
but the basic ideas that led to the PRT concept and how to optimize it have been thoroughly re-
searched and are amenable to change when new technologies become practical. 

 

8. Possible Need for Additional Funds.  While we believe that the estimated funding re-
quirements are adequate to cover costs necessary to design, build, and prove its system 
to the degree needed to obtain orders and hence funding for projects, there can be no 
assurance that additional funds will not be needed. 
 
The cost estimates and schedules we have developed have benefited from review of similar 
costs and schedules estimated and achieved on similar projects going back to the early 1970s.  
The data, in addition to mature judgment, have let us to conclude that our estimates are con-
servative.  Moreover, Dr. Anderson managed in six months the design and construction of a full-
scale, automated, linear-induction-motor propelled vehicle that ran flawlessly for thousands of 
rides on a 60-ft section of guideway.  The cost and schedule experience from this project have 
been incorporated into our current cost estimates and schedules. 

19. Economics 

Economic factors related to a first system deployed after the demonstration program has been 
approved are shown on the next page.  In the calculations, it is assumed that the cost of the 
demonstration will be paid at the rate of $15,000,000 plus interest per year for each of the first 
two years and that the funds from the construction bond will be distributed over three years.  
Revenue is generated every year beginning three years after the notice to proceed to build the 
system.  The operating system for this example is taken as a square network with six north-
south guideways and six east-west guideways spaced a half mile apart, as shown below.  The 
corresponding nine square mile transit service area extends a quarter of a mile out from each 
of the four sides of the network. 

     

     
     

     

     

  

As an example, specific values are given for a range of parameters.  In a detailed planning study 
for a first application, these values must be calculated from detailed planning information.  In 
the second from the right-most column on the next page the year-by-year net cash flows (reve-
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nue minus payment on the bond and O&M expenses) are given.  Beginning in the 31st year, af-
ter the bond is paid off, the net profit jumps.  In the right-most column, the cash flows are dis-
counted at 4.5% per year to allow summing to the total PRESENT VALUE of the profits over 40 
years to the city that takes out the bond.  The number in the sixth row of the last column, 
$286,374,730, is that PRESENT VALUE.  By comparison, in conventional transit 100% of the capi-
tal cost and typically 2/3rds of the operating cost must be covered by taxes; hence the net Pre-
sent Value of those systems is substantially negative.   

City Purchases System & Demo via Bonding.  Receives Net Profit every Year! 
Application: A Square Network    O&M cost  

Transit Service Area, sq mi 9.0   reduces to Present 
Separation between lines, mi 0.5   95% Value of 

Guideway Length, mi 30.00   of previous year's 40 years of 
Stations/mi 2.00   cost each year. Profits 

Total Number of Stations 60   CASH FLOW: to the City: 

Ridership   yr ($135,145,332) $286,374,730 
Peak Days/year 340  1 ($135,145,332) $0 

People/sq mi 9,000  2 ($120,145,332) $0 

Trips/person/day 3  3 $8,885,874 $7,786,661 
Mode split to ITNS 20%  4 $9,507,507 $7,972,628 

Passenger-Trips / Day/sq mi 5,400  5 $10,098,058 $8,103,197 
Off-Peak Light-Freight trips/passenger-trips 0.50  6 $10,659,082 $8,185,064 

Total Trips/ yr/ sq mi 2,754,000  7 $11,192,054 $8,224,240 
Peak-hrs/Day 10  8 $11,698,378 $8,226,126 

Passenger-Trips/ peak hr/sq mi 540  9 $12,179,386 $8,195,563 
Performance   10 $12,636,343 $8,136,891 

Passenger Trips/peak hr 4,860  11 $13,070,453 $8,053,996 
Ave Trip Length, mi 1.60  12 $13,482,857 $7,950,353 

Average speed, mph 25  13 $13,874,640 $7,829,066 
People/occupied vehicle 1.35  14 $14,246,835 $7,692,904 

Fraction of Vehicles empty 0.25  15 $14,600,420 $7,544,335 
Percent of operating vehicle fleet in maintenance 0.04  16 $14,936,325 $7,385,555 

Maintenance float, vehicles 13  17 $15,255,436 $7,218,512 
Number of vehicles 321  18 $15,558,591 $7,044,936 

Vehicle-miles/year 39,657,600  19 $15,846,588 $6,866,355 
Number of operating vehicles/mi 10.27  20 $16,120,185 $6,684,120 

Total number of vehicles /mi 10.70  21 $16,380,102 $6,499,419 
Average headway, ft 514  22 $16,627,024 $6,313,296 

Average headway, sec 14.0  23 $16,861,599 $6,126,664 
System Cost   24 $17,084,446 $5,940,321 

Cost of Demonstration $30,000,000  25 $17,296,150 $5,754,958 

Operating Guideway Cost/mi $5,530,000  26 $17,497,269 $5,571,174 

Cost of one station including bypass guideway $718,511  27 $17,688,332 $5,389,482 
Cost of one vehicle including storage guideway $88,326  28 $17,869,842 $5,210,322 

Cost of Control & Communication/mi $300,000  29 $18,042,277 $5,034,066 
Cost of Maintenance Facility/mi $54,853  30 $18,206,089 $4,861,026 

Construction Management Cost/mi $314,841  31 $42,331,180 $10,815,718 

Overhead, Fees and Taxes 40%  32 $42,479,021 $10,386,117 
System Cost/mi $12,014,533  33 $42,619,470 $9,971,729 

Cost of Operating System + Demonstration $390,435,996  34 $42,752,896 $9,572,198 

Interest on Bonded Debt 4.50%  35 $42,879,651 $9,187,156 
Time Horizon 30  36 $43,000,069 $8,816,226 

Annual Payment on Bonded Debt/mi $798,982  37 $43,114,465 $8,459,024 
O&M Cost/vehicle-mile $0.33  38 $43,223,142 $8,115,164 

First year annual O&M cost (reduced with learning) $13,087,008  39 $43,326,385 $7,784,256 
Annual O&M as fraction of capital cost 3.35%  40 $43,424,466 $7,465,912 

First-Year Total Annual Cost/guideway-mile $1,235,216     
First-Year Total Annual Cost/vehicle-mile $0.93     

Revenue      
Fare per vehicle trip $2.50     

Fare per mile for freight $1.00     
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Advertising revenue/vehicle-trip $0.40     
Revenue/year $45,288,000     

Annual O&M Cost as % of Annual Revenue 28.9%     
Annual Revenue/System Cost 11.6%     

Break-Even Fare $1.10     

 

 

 

 

 

 

 

 

 

 

 

 


