Abstract
One of the first people mover systems in the Netherlands is the ParkShuttle system. The ParkShuttle is a low-capacity automatic navigating vehicle that operates without any physical guidance. It finds its own way automatically and travels on a simple ground-level asphalt track. This innovative form of passenger transport is ideally suited for short-distance feeder transport to public transport stations. Pilot projects were implemented at a long term car park (P3) at Amsterdam's Airport Schiphol and business park Rivium in the city of Capelle a/d IJssel (near Rotterdam). In 2005 the Rivium system was extended and the 2nd generation ParkShuttle was installed. The ParkShuttle and the CyberCab are products of 2getthere.


2getthere
2getthere markets and develops Automated People Mover Systems for personal and group transportation, which provide efficient, high quality, tailored transport solutions. 

2getthere has a worldwide exclusive license for the application of FROG-technology in people mover applications and owns the rights to the products ParkShuttle II (GRT, Group Rapid Transit) and CyberCab (PRT, Personal Rapid Transit). 2getthere builds on nearly 10 years of experience gathered through multiple projects. 

2getthere actively stimulates, follows and adopts the future development of the technology for automatic vehicles. The company focuses on the market and its requirements. Application engineering and project management is done in-house, adding to the existing knowledge regarding the requirements of automated people mover systems, applications and customers. 2getthere co-operates with development and (local) project partners to supply a customized application to the customer.

2getthere’s mission is to develop, market, implement and (if required) operate, sustainable Automated People Mover Systems, with an excellent availability, reliability and safety, which to passengers provide efficient, high quality, tailored transport solutions, while minimizing capital and operational costs.

Why ParkShuttle?
Public transport often isn't suitable for door-to-door transport. The attractiveness of present-day public transport systems is often limited by the time-consuming nature of getting to and from it. This is the result of mode changes involving long waiting times, a wide grid of stations ensuring long walking distances and routing (detours). 

Also the low frequency of public transport provides the traveler with long waiting-times at a stop. The frequency cannot be increased because of the high labor cost of the drivers (in the Netherlands some 70% of total operating costs). Cost-effective operation of present day public transport modes often results in a low frequency. 

The concept of automated transport combined with a network of closely spaced stops provides an excellent solution for moving people over short distances. The ParkShuttle project was started both to provide a better service for existing and new transport markets by improving the quality of public transport and to produce environmental benefits in the densely populated area. The system uses autonomously operating vehicles that travel along a simple infrastructure using electronic navigation. Due to the simple infrastructure the cost-factor is low compared to other peoplemover systems. Generally people mover systems involve high investments because they require extensive infrastructure. See artist's sketch of an operating system. 
What is the ParkShuttle?
The ParkShuttle is an automatic navigating vehicle which transports passengers (peoplemover system). There is no driver on board, instead a computer and an electronic navigation system do the driving. Peoplemovers are already operating in different locations around the world. These systems, however, often use some form of mechanical guidance. The ParkShuttle will operate without mechanical guidance; it will find its way automatically traveling on a simple asphalt track with electronical guidance. A diagram is provided to illustrate these concepts.
The main characteristics of this new transportation system are:

· small transportation units, 

· high frequency, 

· high density network, 

· automatic operation, 

· on-demand operation, 

· simple infrastructure on ground level. 

Navigation with FROG technology
The FROG technology consists of a navigation system which allows vehicles to travel under fully automated control. FROG is shorthand for Free Ranging On Grid and has been proven in many types of vehicles. Small vehicles are provided for internal transport facilities in factories and large ones for automated transportation of containers at port cargo handling yards.

Each vehicle has an on-board computer which stores an electronic map of the area in which the vehicle is required to operate. Using this map, the vehicle is able to plan its route to drive from point A to point B. The vehicle's starting position is known. As soon as the vehicle starts to move, it measures the distance traveled by means of encoders that count the number of wheel revolutions. At bends it is possible to calculate the vehicle's position from the angle of the wheels. This method may suffer from slight inaccuracies as a result of changes in vehicle load (full or empty) or an uneven or slippery road surface. For this reason, a number of calibration points are required at regular distances to check the calculated position and adjust it when necessary. These points are magnets embedded in the road surface. Each vehicle measures the location of magnets by means of a magnet ruler. Positioning accuracy of better than 3 cm is achieved, sufficient for the vehicle to come to a halt right next to the platform at a stop.

The vehicle is able to determine its own route because each vehicle has its own driving computer and positioning system. Regulation of route planning and the vehicle's interaction with other FROG vehicles and normal road traffic is taken care of by a supervisory computer control system called SuperFROG.

Ground level infrastructure
The main reason to make use of ground-level infrastructure is to reduce the cost of the infrastructure, compared to other peoplemover systems. The infrastructure consists of a simple, 2.50-meter wide asphalt track. The track is not fully-separated. The only separation consists of a one meter high fence and a greenzone with bushes. Most applications of automated public transport systems will require a complete separation of the track, mostly for safety reasons.

The ParkShuttle however has a safety system of sensitive and intelligent sensors. The sensors scan the area in front of the vehicle and will decelerate or stop the vehicle when an unknown obstacle is detected. An additional safety feature is provided by the bumper system that brings the vehicle to an immediate halt when it is impressed. In addition, the vehicle has emergency stop buttons (both inside and outside) that can be operated by the passengers. The speed is limited to 40 km/h obtain a good ride quality.

System concept
The ParkShuttle GRT system basically operates comparable to a horizontal elevator. The vehicles will stop at every station indicated as destination and stations where transport has been requested. As a consequence the system will operate comparable to a bus service in peak hours and (almost) as a PRT system in off-peak hours (providing non-stop origin to destination connections). The different stops or stations are similar to the floors of a building with a vertical elevator. An elevator can be called by pressing the elevator button. The ParkShuttle operates the same way; a vehicle can be requested by pushing the button on the request-console. When a vehicle arrives, the passenger boards and pushes the destination button inside the vehicle, similar to a vertical elevator. After all passengers have boarded the on-board computer calculates the shortest route to all chosen destinations and automatically drive to the destinations. 

The vehicles are controlled by a supervisory computer system (SuperFROG) that sends the traffic control and request-messages to the vehicles via a radio data link. This is the only centrally-controlled function; the driving control takes place in the vehicle itself. This means there is no need for extensive radio communication with the central computer.

Traffic control with respect to other traffic (pedestrians, cyclists, cars and other public transport) is accomplished by means of traffic lights and/or barrier gates controlled by SuperFROG. SuperFROG activates the traffic lights and the barrier gates whenever a FROG vehicle approaches a crossing. SuperFROG will allow the vehicle to cross only after the traffic lights and/or barrier gates have reported back to confirm that they have been activated so that traffic control is reliable and fail-safe. Also, there is the in-vehicle obstacle detection system to prevent collisions. 

Vehicles
The ParkShuttle vehicle runs on four rubber tires. Traction is provided by an electric motor powered by an on-board energy source (in the case of the Rivium application, a lead acid battery). Up to 80 km can be covered on one battery-load. 

The ParkShuttle II vehicle can accommodate 20 (12 seats, 8 standees) to 25 passengers (8 seats, 17 standees) and allows for easy wheelchair access. The cabin is spacious and well illuminated at night. Large windows provide excellent all round vision and add tot the personal safety (feeling) of the passengers. Seating is comfortable with all measurements exceeding normal (public) transportation standards (standing passengers are not facilitated). Information is conveyed to the passengers by means of the user console, display and voice module. The camera system allows the operator to display images of each vehicle interior real-time.

Each vehicle is equipped with advanced safety systems, a.o. for short- and long range obstacle detection. The sensors create a sensory shield, serving as a virtual bumper enabling the vehicle to make a controlled stop prior to contact with obstacles. In the control logic this is an integrated aspect of the normal operations and not an exception handling procedure – ensuring a more comfortable ride experience. 

SuperFROG supervisory computer system

2getthere’s dedicated supervisory control system is based on the well proven SuperFROG system for industrial applications. The system is fully customized for people mover requirements, allowing for synchronous control of operations on the basis of Frog’s time synchronization patent. Merging and docking procedures at stations (with independent berths) are accurately timed to allow for smooth operations. 

The system operates according to the parameters set in a scenario. Scenarios become active depending on the time of day or can be activated by the operator. The scenarios contain parameters with regard to work scheduling, traffic control, communication and job generation and assignment. The number of scenarios that can be programmed is virtually unlimited, allowing the operations to be optimized for each hour of each day. 

Work scheduling, the assignment of transport requests to vehicles, is based on a customized set of rules (framework of conditions). The rules incorporate elements such as vehicle availability, distances, lay-out and transport requirements. As a traffic cop, the system directs traffic based on well-defined traffic rules. At crossings and intersections the supervisory system decides which vehicle has the right-of-way based on the priority of the vehicle.  

Generation of transport requests is typically done by push-buttons at the stations of the system or generated automatically based on logged patterns of transportation requests and/or synchronization with the arrival/departure of other modes of transportation. The supervisory system is also in control of fleet management.  This entails a.o. ensuring timely recharging of the batteries and keeping log files of all system events, alerts and transportation requests. The log files can be retrieved for statistical processing at any time.

The necessary communication to and from vehicles is done via a Radio Frequency (RF) wireless link. It allows for an easy expansion of the vehicle fleet and has standardized interfaces for communication with other systems (traffic lights, beams, etc.). The supervisory system was developed and tested in-house and operates on a Linux-platform.

ParkShuttle Rivium (Capelle aan den IJssel )
The initial decision to implement the ParkShuttle transportation system between subway station Kralingse Zoom and business park Rivium (city of Capelle aan den IJssel) was taken in 1995. The goal of the pilot was to proof that at the same expense, a better service and higher frequency could be achieved – making (public) transportation a more attractive alternative for car drivers. 

[image: image1.jpg]



From February 1999 to November 2001, three ParkShuttle vehicles operated on the 1300-meter single lane trajectory. Bi-directional travel was enabled by means of three passing locations. An interstate is intersected by means of a tunnel, while a highway is crossed by a specially constructed (single lane) bridge. A journey lasted approximately 4 minutes.

An overview map and a close-up map of the project geography is provided.

The anticipatated required capacity was exceeded because of expansions of the business park. At the same time the capacity was restricted by the number and size of the vehicles in combination with the single infrastructure. The succes of the system prompted the decision in December 2001 to upgrade the system from its’ pilot status. 

In phase II, the trajectory has been extended and the number of stations increased to 5 – significantly reducing walking distances for employees and making the system more attractive to use. The 1800-meter track has three stops within business park Rivium. A new stop has been created to service business park Brainpark III and the residential suburb Fascinatio. The dedicated infrastructure, installed at grade, is now dual lane (with exception of the forementioned tunnel and bridge). Several at grade crossings with pedestrian and car traffic are realized. 

In Phase II both the number of vehicles (6) and the capacity of the vehicles (20 passengers) doubled – at the request of operating company ConneXXion. The quality was also improved by applying state-of-the-art automotive know-how and technology. The vehicles are (even) more reliable, comfortable, silent and faster.  During peak-hours all vehicles are operational, on-schedule, based on a 2.5 minute interval. The scheduled service ensures the capacity is optimally used, while the on-demand operations in off-peak hours ensure the passenger service is maximized. 

Business Park Rivium Application summarized:

	Description:
	Public Transportation to business park 

	Operational period:
	Phase I: February 1999 – November 2001

Phase II: December 2005 - present

	Patronage:
	1.500 passengers (daily)

	Peak Capacity:
	500 p/ph/pd

	Service Frequency:
	2.5 minutes (peak hours)

On-demand (off-peak hours)

	Times of Operation:
	12hrs. p/d, 5 days p/w

	Configuration:
	Line-connection

	Operations:
	On-schedule / on-demand 

	Connections:
	Ride sharing, Multiple Origins to Multiple Destinations

	
	

	Type of vehicle:
	2nd generation ParkShuttle

	Number of Vehicles:
	6

	Passengers seated/standing:
	12 / 10

	Drive:
	Electric 

	
	

	Supervisory Control System:
	SuperFrog

	
	

	Track Length:
	1800 meters

	Number of Stations:
	5, on-line

	Berths per station:
	3 stations with 2 berths, 2 single berth stations

	Crossings for Traffic/Pedestrians:
	6 (3 at grade) / 5 (all at-grade)


Pilot project: ParkShuttle Schiphol Airport
In the mid-‘90’s Amsterdam Airport Schiphol decided improve the quality of its’ long-term parking lot P3 (10.000+ parking spaces). Part of the plan designed was the [image: image2.jpg]


implementation of the ParkShuttle pilot-project to improve the service to airline-passengers and confirm Schiphols image. The pilot was limited to the parking facility itself, but a next phase could have connected directly to the terminals.

In 1997 four ParkShuttles were installed. The track consisted of two (single directions) loops of 1km, each with 3 stations (see layout diagram). Each loop had several crossings for automobile traffic (equipped with barriers and traffic lights) and pedestrians (audible alarms). To ensure maximum flexibility in the operations the vehicles are able to access both loops. 

During the pilot the ParkShuttles transport passengers from the shuttle stops near their cars to the main stop near the passenger lounge. From here buses provide transportation towards the passenger terminals. The service is available 24/7 and free of charge to users of the parking lot. Surveys prove that the system is well used and greatly appreciated. 

At any given time three ParkShuttles are in operation, while one vehicle is being charged. When there are no transportation requests, the vehicles space themselves along the track to ensure minimal waiting times at each stop. When necessary the charging vehicle can be made operational by manual override from the supervisory control system to provide additional capacity. The ParkShuttles use audio signals to alert people at pedestrian crossings. Vehicle crossings are equipped with traffic lights and barriers.
The main purpose of the pilot project was to acquire knowledge about passenger acceptance, ease of use, traffic management, comfort and safety of the ParkShuttle.  In a next phase the track could have been extended to the passengers terminals. Although surveys showed great passenger satisfaction over the 7 years of operations of the pilot system, they were (temporarily) ceased in 2004. Installation of the 2nd generation ParkShuttle was seriously considered, but based on the uncertainty in the airline-industry the decision has been postphoned. 

Amsterdam Airport Schiphol Application summarized:

	Description:
	Parking lot connection 

	Operational period:
	1997 –2004

	(Estimated) Patronage:
	>2.500.000 passengers

	Peak Capacity:
	400 p/ph

	Service Frequency:
	On-demand

	Times of Operation:
	24/7 (365 days per year)

	Configuration:
	2 double loops

	Operations:
	On-demand

	Connections:
	Ride sharing, Multiple Origins to Multiple Destinations

	
	

	Type of vehicle:
	1st generation ParkShuttle

	Number of Vehicles:
	4

	Passengers seated/standing:
	8 / 4

	Drive:
	Electric 

	
	

	Supervisory Control System:
	SuperFROG

	
	

	Track Length:
	2 loops of 1.000 meters

	Number of Stations:
	7, on-line

	Berths per station:
	6 single berth stations, 1 station with 3 berths

	Crossings for Traffic/Pedestrians:
	6 (all at-grade)/ 12 (all at-grade)

	
	


For more details, contact Robbert Lohmann, 2getthere, Proostwetering 26, 3543 AE Utrecht, the Netherlands, phone (+31) 30 2387203, robbert@2getthere.eu. Also visit www.2getthere.eu for more information.
 

