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Understanding Personal Rapid Transit

Features & Discussion of Common Subjects
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The purpose of this document is to accurately explain the decidedly unconventional nature of Personal Rapid Transit (PRT), its technology, configuration and service features.

We have been living for so long with transit schedules, waiting, large vehicles, transfers, etc., it is easy to believe that those features are inseparable from transit.  In a conventional transit system, vehicle size is the determining factor in the extent to which the community can be penetrated by transit service.  Multi-ton trains run on elevated or at grade guideways, each foot requiring 2,000 pounds or more of materials.  Buses require drivers and significant support staff to keep them running.
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The size and mass of conventional transit’s capital facilities and equipment represent concentration of resources.  But resources are limited by budgets.  In the case of desirable “rapid transit” modes the resources are geographically concentrated in corridors, and the problem becomes how to get riders to and from the resource-corridors—the “last mile problem.”

PRT overcomes resource concentration by reducing vehicle size and capacity to serve the dominant transport demand demographic—the individual traveler and groups of 2-4 people traveling together.  Reducing vehicle size reduces weight, enabling reduction of guideway size and weight—and thus reduction of resources (materials, and therefore cost) needed to construct a mile of guideway.

The limited resources therefore go further under PRT.  Essentially, PRT divides trains and buses into 3 or 4-seat vehicles, and guideways are divided into smaller, lighter units.  No longer needing to be concentrated in corridors, these resources can then be redistributed to serve more locations within the service area.

Basic elements

  a PRT system will use an elevated network of low-profile monorail beams, on top of slim pillars.

  a large fleet of computer-automated, taxi-sized vehicles travel on the network.  

  PRT stations are located on sidings.  Vehicles wait in stations until needed.

  Service is demand responsive.  A person or small group specifies a destination station, boards a waiting vehicle and departs immediately.  The system selects the optimum route and the vehicle bypasses intervening stations along the way, similar to the way data packets are routed on the internet.

  A PRT station has minimal cost and impact. Due to on-demand service there is little or no waiting for PRT, therefore stations are small and affordable since large waiting areas aren't needed.

  PRT stations can be only 0.5 miles apart, meaning all origins and destinations are always within a walk of 0.25 miles.

	Network Grid
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	Standard network design uses a grid.  The basic unit is 2 miles of guideway that loops to enclose 0.25 sq. mi. of land.

Neighboring loops are connected by merge and diverge branches, allowing vehicles to travel between loops to reach anywhere in the grid.

Viewed in schematic form, a complete network would resemble a grid with separations of 0.5 miles (nearly 9 football field lengths) between parallel guideways.

The only time PRT stations and guideway might be spaced more closely is if called for by existing urban densities—such as in a downtown, where little PRT guideways would be dominated by skyscrapers.



	Weather
	PRT has been designed to adhere to local codes for purposes of safety in collisions, wind and earthquakes.

Planners from cold climates such as Sweden, Norway and Minnesota are interested in PRT because it can be designed to be unaffected by snow and ice.  Running surfaces can be enclosed, and magnetic induction motors (like those used by the Vancouver Skytrain) that do not lose traction are used for propulsion and braking.



	Dependability
	The PRT goal is to avoid mechanical breakdowns that can cause network blockages.  Current designs employ few moving parts and redundant, fault-tolerant components in both vehicles and guideways.



	Security, emergencies & evacuation 
	PRT begins addressing the question of security from an advantageous position.  PRT rides will almost always be alone or in groups of acquaintances, a product of on demand service.  The odds of more than one person traveling from the same A to the same B at exactly the same time is extremely low.

The interior of the small PRT stations will feature open design, and on demand service offers no opportunities for extended loitering for criminal purposes.

Stations and vehicles will be equipped with video and intercom systems of the type in common use.  Some designs feature “panic buttons” that automatically open an intercom, making it possible for first responders to meet the vehicle at its destination.

Some designs include a Go button in the vehicle, preventing the public from sending vehicles on trips without passengers.

The electric vehicles carry no fuels, and passenger spaces can be specified without flammable materials.

Some PRT designs integrate evacuation walkways into the guideway.  Other designs are designed to avoid the need for walkways, under the assumption that it is more dangerous for passengers to exit vehicles when 16 or more feet up in the air.

Instead, the next PRT vehicle would push the problem vehicle to the next station—the passengers safely inside, in intercom contact with the central control center. Unlike conventional rail systems, vehicles in a PRT system could be temporarily re-routed to adjacent guideways, keeping the system as a whole running and safe.



	Visual Impact
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	The public must find PRT elevated structures acceptable in terms of scale and aesthetics.  There are three factors in PRT’s favor.

Size.  The three most advanced PRT designs have different guideway:  one utilizes hollow beams with a 3’x3’ cross section, another a footbridge-like surface 1’x6’ in cross section with daylight slots and sidewalls, and a third uses two hollow 1’x3’ beams in parallel.  The shadows are no greater than a pedestrian footbridge.  Support poles have diameters comparable to utility poles.

Low disturbance.  Guideways would commonly use existing public rights of way.  Small size combined with short turning radii enables guideway to go around obstacles.  It leaves intact the urban tree canopy, having the ability to run above small trees or between large ones.  Straddle beams or arches can be used to run guideway above the centerline of streets.  Guideway can also be set back from the street edge by utilizing alleys, or routing above low commercial buildings.

Design treatment.  Guideway can have customized colors, textures or ornamentation added on without affecting the underlying engineering specifications.

	Cost
	The Advanced Transit Association (2003, Personal Automated Transportation, Executive Summary, pp. 23-24) estimated the cost of guideway, vehicles and stations at $5 million per mile.

Seattle covers approximately 79 square miles, not including water and large parks. With roughly 4 miles of guideway per square mile, a Seattle-wide network would consist of 316 miles of guideway and 632 stations.  A conservative estimate of $15 million per mile results in a total cost of $948 million.

By comparison, Seattle has 1,691 centerline-miles of streets (2000, Alternative Curb Demonstration Project Overview For Courtland Place South, Seattle Transportation, p. 4).

	Station size, placement, cost
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	The small size of PRT means placement of guideway and stations is highly flexible 

A 3-berth station could be as small as 30 feet long. Stairs would be used, and an elevator would be provided to comply with access regulations. Suitable hydraulic elevators cost $70,000.  New buildings with escalators could have PRT stations integrated into their 2nd or 3rd floors.  Other equipment would include a network map, ATM-like fare machines, ticket readers, and security monitoring gear.



	Access
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	PRT systems are not uniform on this, because they are being created by different companies with differing technical visions.  Most fully comply with the ADA, while a few do not.  SoundPRT does not endorse one company over others, but it does believe any PRT system for Seattle should be ADA compliant.



	Vehicle movement
	Vehicles begin trips whenever someone enters the station, selects a destination, boards, and the vehicle gets under way.

Then the objective is to make sure that an empty vehicle takes its place in the station. This can trigger the system to simply send an empty vehicle that is nearby. But this is not needed if the system knows a vehicle is already about to deliver a rider(s) to the station; when it arrives, it becomes the waiting vehicle.

On rare occasions when a station is briefly 'full', PRT systems allow for a "wave off": the arriving vehicle must make a circle of the local two mile loop and reapproach the station.  Traveling this loop at 40 mph would take 1.3 minutes. 



	Operational Control & Safety
	PRT will use intervehicle headways as short as 0.5 seconds.  Such short headways are not feasible with conventional rail switching.  Therefore PRT guideway has no moving parts, switching relies on one of two methods:  automotive-type steering in which the vehicle follows magnetic points in the guideway;  a mechanical or electromagnetic in-vehicle switch that engages a left or right-side guidance rail.

A PRT system manages system traffic with variations on remote sensing devices in the guideway and vehicles.  In the most sophisticated control scheme, vehicles report their positions to the central control system, which is separately collecting the same data. The two sets of data are compared at subsecond intervals, and the central system issues corrective commands to vehicles if safety margin are violated.

Hypothetical emergency stop situations.  Vehicles are never surprised by a so-called "brick wall stop."

In a situation where vehicle B is 1 second behind vehicle A, if vehicle A unexpectedly slows down, the system senses it and reacts, ordering vehicle B to match the deceleration. The central system's response time is on the order of milliseconds.  If vehicle A continues to slow and then stops, vehicle B stops. The act of deceleration actually lengthens stopping time.

Elevated grade separation reduces incidents of obstacles on the guideway.  Different PRT designs respond differently to the situation of a foreign object on the guideway:  collision-tolerant design, “cowcatchers” and anti-collision radars like those available in some newer automobiles.



	Crowds 
	Demand-based service does not allow large crowds to accumulate in stations.  A steady stream of people entering a station is analogous to a wave.  PRT dissipates the wave:  each person or small group would board a PRT car almost immediately upon arriving at the platform.

When riders enter a station they enter their destination into the system, make payment and receive a ticket.  The system registers this demand and is able to ensure the appropriate number of vehicles are available.

	High capacity due to frequent recycling of vehicles
	PRT ridership is not measured in passengers per hour per direction.  Trips take place between any pair of stations in the citywide network, therefore it is more accurate to express ridership as passengers per hour in any direction.
PRT capacity is a function of the number of vehicles in the system, and the number of fares each vehicle carries per hour.

Suppose the average distance traveled per fare-paying group is 5 miles.  If the average vehicle speed is 35 mph, the average trip time is 8.6 minutes. Including minimum board/deboard times, one vehicle is able to make approximately 6.25 such trips per hour.

If there are 500 vehicles in the PRT fleet, the capacity is 3,125 trips per hour.  This represents ridership of 3,125 – 9,375 per hour if the system uses 3-person vehicles.  Capacity increases proportionally with fleet size.  A 1,500 vehicle fleet would have ridership capacity of 28,125 per hour.



	Maximum network capacity
	Maximum network capacity is the number of boardings/deboardings by all stations per hour, or total station throughput.

Earlier a 632-station network was mentioned.  If there is an average of 3 berths per station for a total of 1,896 berths, and a boarding/deboarding takes 30 seconds, total station throughput is 227,520 arrivals or departures per hour (113,760 trips per hour).  It is unlikely hourly network capacity can be reached.



	Distribution of Demand

Few Stations: Concentration of demand
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Many Stations: Distributed demand
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	The way PRT redistributes transit resources to more locations within the service area serves to redistribute demand.  In simple terms, every one-fifth square mile* has its own PRT station, serving just that area’s transit demand.  A neighborhood does not place demand on a station in another area, because that neighborhood has its own station.  

System traffic is similarly distributed across the guideway network, with multiple routes between the many origins and destinations.  This reduces the chances of congestion on the guideway.

The number of people using each station is a factor of population density and distance between stations. In a city like Seattle, with an average density of about 6300 people per square mile, there could be 6-8 stations per square mile. Riders would go to their nearest PRT station, thereby distributing demand instead of concentrating it in a few big stations.

If a square mile has 8 stations, each station serves 788 residents. Even if all 788 use a PRT station twice a day, 1,576 times, that is only 66 times per hour per station—1.1 per minute.

Even if the station attracted 15% of daily trips in a single hour, that is 236 trips: only 1.3 trips per berth per minute in a standard 3-berth station.

A station is scaled to match the land use of the immediately surrounding area.  A station in a typical single-family neighborhood might have 2 berths.  A higher density mixed retail/multifamily area could have a 3 berth station, while a downtown station could have 5-6 berths.  A station at a sports stadium could have 12-15 berths.

* area within a 0.25 mile radius of a station


	Energy
	PRT minimizes energy usage through use of nonstop trips, which eliminates frequent acceleration and deceleration.  PRT vehicles move only when carrying passengers, or to anticipate eventual demand by going to a station where there is an empty berth (which may not be necessary if a vehicle is about to arrive with a rider; after deboarding, that vehicle waits at the empty berth).



	Policy Implications
	Because PRT offers non-stop service near, or directly to, where people want to go, it is far more likely to increase transit mode share and reduce congestion.

PRT is the first transit system that treats everyone equally, no matter where they live.  In a city-wide PRT system everyone is within walking distance of a station, and service is on-demand, meaning that each area gets as exactly as much service as it needs. Neighborhoods no longer have to compete for routes or service allocations, and transit service would no longer cease late at night.

PRT enables the separation of transit policy from land use policy.  Given a city-wide system, PRT connects any neighborhood to all other neighborhoods.  The entire city effectively becomes a single transit-oriented development—land use decisions within the city can be made without regard to facilitating transit, because PRT is available under all zoning types.


