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1  Overall System 

1.1  Basic characteristics

ULTra is an innovative form of Personal Rapid Transit (“PRT”). ULTra (Urban Light Transport) emerged from a fundamental reappraisal of the transport needs of a city.  It is designed to meet the expectations of passengers – convenient, inexpensive, reliable, safe and easy to use, while also satisfying public demands for value for money, ease of construction and environmental benefit.

Conventional forms of public transit require passengers to collect in groups until a large vehicle is scheduled to travel on predetermined routes.  In contrast, ULTra offers personal transportation with no waiting, and takes passengers non-stop to their chosen destination.  This is a transit system which is as convenient as, or in congested environments more convenient than, the car, but with minimal environmental impact.  

The ULTra system exploits modern computing and information technologies to provide a new approach to transportation.  Off-the-shelf technology, mostly from the automotive industry, provides mature, well proven and reliable systems and components. 

Outline vehicle characteristics:

· 4-6 seats

· 450 kg (1,000 lb) payload

· 40 kph (25 mph) maximum speed
The ULTra system uses a fleet of low power, electrically driven vehicles on a dedicated guideway route network. The operation of the system and movement of the vehicles on the network is managed by software and systems developed by ATS.

The innovative design of the ULTra system provides unique advantages, notably considerable flexibility in application

· Installation flexibility:  

ULTra can operate at-grade or elevated either within or external to buildings, offering the opportunity for significant benefits to the passenger.   Low loading footprint means that the system can be carried by conventional building structure with no need for structural strengthening. 

The vehicle has a small (5 m) turning radius and readily copes with grades of 20%, although operating routes are limited to 10% to ensure passenger comfort.  

The ULTra system is highly adaptable.  Modular design and construction techniques makes addition of further routes straightforward.

From the user’s perspective, ULTra offers many benefits:

· Immediate service:  Passengers rarely need to wait for a vehicle, since the empty vehicle management system ensures that one will already be at the station.  Simulations demonstrate that average waiting times, even in peak periods, average less than 15 seconds.

· Non stop travel:  due to off-line stations, the journey is non stop from start to destination, anywhere on the network. 

· No need to plan trips, consider schedules, or transfer between vehicles.

· Faster than other urban transport, typically by a factor of two or three.  Although maximum speeds are modest (25 mph), non-stop service ensures short trip times.

· Travel is reliable, predictable and congestion free affording passengers greater certainty in their journeys.

· Travel is safe:  ULTra’s target is safety levels at least as good as trains, approximately 10 times higher than automotive safety.  Also segregation implies less conflict with non-users.

· Accessibility: The system is available to all, including the young, the old, and those with disabilities.  

In addition to user benefits, ULTra provides sustainable urban transport with major benefits to non-users and to the community as a whole.  

· ULTra is energy efficient:  Light, small, efficient vehicles traveling non-stop and only on demand result in significant energy savings.  ULTra saves 2/3 rds of automotive energy requirements, and is substantially more energy efficient than conventional public transport.

· ULTra meets Kyoto sustainability targets; providing the required 60% reduction in carbon emissions over the car now, rather than by the 2050 target date of the Kyoto agreement – 35 years ahead.

· ULTra is exceptionally quiet:  measurements on the prototype vehicle running at 10m/s give 45dBA at 10 m, around 20 dB less than cars.
· Lightweight vehicles permit ultra-light infrastructure:  Automated control allows high utilization.  Small vehicles and guideways imply less land take and less visual intrusion.

· ULTra reduces congestion:  Studies indicate significant modal shifts away from the car, freeing up both road capacity and parking space.

· Minimum visual intrusion:  elevated sections of the guideway are only 45cms deep and can span 36m if required, while the vehicles are small and unobtrusive

· Low cost and resource use.  The infrastructure uses between one third and one tenth of the resources of competing form of transport providing major benefits in sustainability, cost and construction time.
1.2  Passenger comfort

The ULTra vehicles are spacious with seats for 4 adults and ample space for shopping, pushchairs and luggage. The vehicles include heating and air conditioning for extreme climates.  

In 2003 ATS undertook a series of passenger trials at the Company’s test track.  This test track  reproduces all the features of a typical city application, elevated track at 5.7m above ground, up and down grades, curves in both directions and a simple station.  The passengers undertook a representative journey, including use of the destination request panel, entering the vehicle, commencing the trip and completing an approx 1km journey.  An independent survey concluded that all the passengers (100% of those participating) found the experience either satisfactory or very satisfactory. 

1.3 Passenger access

The vehicle features a flat floor which aligns accurately with stations to allow safe easy access for push chairs, wheelchairs, luggage and people. The vehicle meets DDA and ADA access requirements.  Disability groups have tested the system and commented very favourably on the attractions of the system.  ATS has been involved in discussion with the UK Government mobility groups since the start of the design to maximise accessibility by all groups of users.

Controls, lighting and information systems are designed to the latest standards to aid usability.

1.4 Passenger security and safety

ULTra provides a fully personal and secure service.  Passengers have exclusive use of their vehicles and travel only with chosen companions.  The system can readily be arranged to offer fully private vehicles and/or fully private stations not accessible to other users.

There is very little waiting at stops and once a passenger journey starts the vehicles do not stop to pick up other passengers. Each journey remains private until the destination is reached. The vehicle is continuously monitored by the control system during the use. Passengers may contact the system controller at any time and the controller can talk to the passengers, see then on the CCTV and respond to any concerns immediately.

Passenger surveys during trials on the ULTra system showed that all passengers felt secure or very secure with the driverless ULTra system.  It is planned to enhance this via extensive use of CCTV.
1.5 Journey time

Passenger waiting time is low.  Simulations demonstrate that, for most applications, ULTra waiting times are negligible, averaging around 12 seconds.  95% of passengers are served in less than 1 minute.

The ULTra vehicle is optimized to provide private trips for families, or other groups.  Sharing, as required by larger conventional vehicles, is not only unattractive to the users, but leads to longer trip times and unnecessary operational complexity

For a typical 1 mile (1.6 km) journey the time taken is around 4 minutes.

1.6  Reliability 

Reliability has been demonstrated by extensive tests at the ATS test site on a test track that includes all the features of a full application.  There have been no failures of the system during the past four years of testing.

2   ULTra Vehicle 

Outline Specifications


Physical dimensions

Length     3.7m

Width      1.47m

Height     1.8m

Empty weight 820kg

Door opening ≥1.5m x 0.9m (h x w)  (ADA and DDA compliant)

Flat floor area ≥1.44m x 1.2m (l x w)

Minimum Turn Radius to centreline of front track (m.)
5

Maximum Climb Angle (%)
>20

Maximum Planned Climb Angle (%)
10

Maximum Planned Decline Angle (%)
6.25

Performance

Maximum speed 40 kph

Emergency deceleration rate ~ 3 m/s^2

Maximum range > 10 km

Maximum payload 480kg 

Configuration and Features

Powertrain, and Energy Systems

· ‘7kW’ Synchronous AC Drive Motor (Typical average motive power use < 2kW)

· Solid State Drive Controller / Inverter

· 4 x 45Ah Starved Electrolyte Lead Acid Traction Batteries (rear mounted) 48V nominal

· Automatic Charging Connection System

· Fixed ratio transaxle assembly

· Front Wheel Drive.
Braking Systems

· Drive motor regenerative braking

· Fail Safe Electromagnetic ‘hold off’ Motor Brake (1)

· Fail Safe Electromagnetic ‘hold off’ Rear Wheel Brakes (2)

· Safety interlocks between brakes, motor and doors.
Chassis, Suspension and Steering Systems

· Fabricated Aluminium ‘Ladder Frame’ lower chassis with structural Aluminium Honeycomb floor and bulkhead Panels

· Separate Front and Rear Aluminium fabricated subframes with mountings for suspension, steering, motor/ transmission and batteries 

· Bumper structure designed to progressively absorb impact energy and limit passenger deceleration 

· Welded Steel tubular upper frame to support exterior and interior bodywork, side doors and front / rear hatches

· Double Wishbone suspension Front and Rear using predominantly aluminium machined wishbones, coil over damper units and standard automotive joints, bearings and bushes 

· Rack and Pinion steering gear operated by Automotive Electric Power Steering unit

· 13” Wheels with automotive tubeless radial (135x70R13) tyres.
Exterior Body, Doors and Glazing

· Body panels constructed in self coloured ABS with high gloss Acrylic capping

· Vacuum formed exterior panels bonded to vehicle structure

· Twin leaf plug and slide doors

· Doors actuated by dc motors through reduction gearbox and locking linkage system

· Microprocessor controlled door operation

· Door leaves constructed of ABS panel, steel reinforcement and bonded laminated (tinted) glass

· Flashing door header rail warning 

· Vacuum formed tinted Acrylic ‘Quarter Window’ glazing

· External vehicle operating lights (Front White and Amber, Rear Red and Amber).
Interior and Passenger Controls

· Interior panels vacuum formed from grey, grained ABS

· Seats facing front and rear providing flexible accommodation for 4 adults

· Illuminating Door / Control switches

· Illuminating Communication / Alarm switches at both ends of vehicle (diagonal pair front right and rear left)

· Cabin speakers (one with each communication panel), ceiling mounted inductive loop and microphone for passenger communication

· Internal and externally releasable emergency exit (locked while vehicle in motion)

· Passenger information  LCD screen 

· Internal lighting sufficient for reading

· Vehicle signs / symbols and information labels 

· Non-slip easy clean floor covering

· Cabin heating, ventilation and air conditioning 

· Cabin smoke detector, emergency fire extinguisher and two internal CCTV monitoring cameras mounted in ceiling to monitor all of cabin

· Weight sensors to monitor vehicle loading and prevent operation if overloaded.
Control and Guidance

· Autonomous guidance, navigation and control unit using a combination of sensors for navigation

· Condition and performance monitoring of vehicle components and systems

· Automatic Vehicle Protection System to prevent collision between vehicles on guideway

· Wireless communication system for 2-way data, passenger comms and command exchange between vehicle and system central control. 
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Vehicle exterior and interior
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Principal Dimensions
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3  Infrastructure

ULTra Guideway Dimensions

Overall Steel/Concrete Elevated Guideway Width (m.)
2.1

Overall Concrete At-Grade Guideway Width (m.)
1.75

Internal Guideway Width (m.)
1.6

Internal Guideway Height (m.)
0.25

External Guideway Depth (m) (for 18m spacing)
0.45 

Typical Elevated Guideway Headroom for main road crossings (m.)
5.7

Typical Elevated Guideway Headroom for pedestrian crossings (m.)
2.5

Approaches to ice and snow control have also been prepared for applications in cold climates.

Typical column spacing:  18m (36 m or greater possible)

Typical column load:  10 tonnes.
4  System

Basic Operation

The passenger uses the system by going to the nearest station on the network.  Stations are distributed around the area served like bus stops or cab ranks.  At each station there are a series of berths at each of which the passenger can select their desired destination.  This is done via a smart card process.  Because each passenger can be identified by their smart card the service can be personalised to respond to any special requirements of the passenger.  The passenger destination selection is passed to central control which provides movement instructions to the vehicle assigned to the berth.  

The passenger boards the programmed vehicle which takes them to their desired destination automatically, non-stop and by the best available route.  At the destination the passenger leaves the vehicle, which may either wait there for the next fare or, alternatively, be redirected by central control to places with known demand.

Central Control

The central control system responds to the passenger’s request by allocating a vehicle for the journey and instructing the vehicle on the required path and timing for that journey.  The central control system also controls the empty vehicle management process which ensures that vehicles are sent to where they are needed.  

The central control function has been the subject of extensive simulations by ATS since the start of the project and the functionality has been well developed and tested.  Simulation results show that average waiting times will typically be under 15 seconds and the 95% of passengers will be served within a minute.  

The simulation uses a “synchronous” control system which allocates vehicles to slots in the same way as an aircraft control process.  

Vehicle Control

The vehicles are controlled autonomously.  Once the vehicle has received its instructions from central control it will continue to its destination without any need for further central control input.  Extensive tests have been done of various forms of vehicle control.  ATS has performed full scale system evaluations tests on the various test sites to examine control methods based on wire guidance, optical and radar sensing, embedded track magnets and local sensors based on ultrasonics or lasers.  Laser sensing has been selected for the production vehicle as offering the most robust and reliable option.

Automatic Vehicle Protection System

The ultimate protection on the ULTra system is provided by an independent Automatic Vehicle Protection (AVP) system.  This is based on a fixed block signalling system parallel to that used on railways.  The fixed blocks are defined by inductive loops set into the track which interact with sensing circuits on the vehicle.  

Regulatory Approvals

Statutory Approvals

ATS has worked closely with the Her Majesty’s Rail Inspectorate, the designated body of the UK Health and Safety Authority, to develop the ULTra safety system.  This work resulted in HMRI issuing a ‘letter of no objection’ to the Concept Safety Case in August 2000.  

In January 2003, HMRI issued a ‘consent letter’ approving the system for operation with the public. This followed a full hazard analysis and failure modes and effect analysis undertaken in conjunction with industry safety specialists. HMRI has also approved the principle of operation of the ULTra system in a tunnel for the Heathrow application.
5 Environmental 

ULTra:  Personal Transportation for a Sustainable Future
Sustainability issues are critical for 21st century transport. Analysis, shown here in Figure 1 below, suggested that most forms of transport, public or private, have similar levels of energy use and emissions output. Because ULTra is electrically powered there is zero emission in the city, but in any case overall energy and emissions are significantly reduced. The average system energy usage is 0.59 MJ per passenger km.
 This can be compared with figures between 1.9 and 2.8 shown for conventional forms of transport in Figure 1.
 The typical benefit compared with cars is over 70%. Importantly, in peak periods when cars (and buses) are restricted by congestion this benefit rises to nearly 90%. 

This energy saving translates directly into reduced CO2 emissions. ULTra meets the recommendation of the Royal Commission on Environmental Pollution, following the Intergovernmental Panel on Climate Change, that CO2 emission should be reduced by at least 60%. The RCEP target is set for 2050. ULTra is able to exceed this target in the present decade – 35 years early.

Resource usage is also considerably reduced because of the small scale of the system. Each vehicle does the job of about forty cars in the city. Infrastructure costs, and resource use are down by a factor of between six and ten compared either to roads or motorways, or to conventional light rail / APM systems. 

Because the vehicles require considerably lower power than other forms of transport there is a significant reduction in noise. Measurements during vehicle drive-by at 10m/s give noise levels of around 45dBA at 10 m.  A car would produce about 65dBA at the same distance during drive by.
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Environmental Figure 1: Comparative Energy Use

Data from US DOE Transportation Energy Data Book

6  History 

ATS began developing the ULTra personal rapid transit system in 1995 in association with the University of Bristol.  The PRT system emerged from systematic engineering analysis as the optimum solution to urban transport problems, for both the user and non-user of the transport system. 

This research was led by Martin Lowson, Founder and former CEO of ATS.  The Company has been granted exclusive access to the commercial exploitation of the core IPR developed during that work and has since added significantly to its own IPR portfolio.  

The company has completed the initial phases of prototype development and has undertaken successful passenger trials.  The prototype system has consent from the UK Regulatory Authority (HM Rail Inspectorate) to carry the public, which represents a significant milestone. The Company has financed the high-risk initial phases of development from internal sources, from in-kind support by its major partners, and contract funding from the UK Government and potential customers.  Total investment on the project to date from all sources is around £15 m.

The company operates a variety of prototype vehicles

· Demonstration vehicle for static exhibitions

· Demonstration ‘B’ vehicle fully equipped and approved for operation with passengers on the test track at Cardiff – now withdrawn from service after 2,000 hours of test running

· 2 engineering mule vehicles to develop control software and hardware

· Initial Production vehicles: 2 due to be delivered before end 2008. 

The company’s trials facility was established in Cardiff by the end of June 2001 with funding from the Department for Environment, Transport and Regions, following ATS’ winning of the innovative transport competition. This facility contains all the features expected in a typical application, elevated sections, sections at-grade, various banked and unbanked curves, inclines and declines, merges and diverges and a station. The total length of the guideway is just less than 1km. 
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Cardiff Test Track Elevated Section


Cardiff Test Track Aerial View
In addition the company has a research test track on a six-acre site at Avonmouth Bristol.

Testing Duration

The company’s first “A” vehicle started testing in May 2001, with initial testing at the companies Avonmouth Test track in Jun 2001.  Testing continued on the Cardiff test track through to June 2002.  This vehicle was then redesignated as an engineering test vehicle and has been used since that time for vehicle and control system development.  A second “A” vehicle was also made available for Engineering test development in September 2002.

The first “B” vehicle, with a fully representative passenger compartment and automatic door system, was completed in February 2002 and has undergone extensive testing on the Cardiff test track.  In July 2003, the ATS developed navigation software and hardware was installed in the “B” vehicle, and testing of this vehicle was carried out between that time and the end of September 2004.  The “B” vehicle has carried over 500 passengers. Total test time was over 2000 hours during which the vehicles traveled a test distance of over 4,000 km with no equipment or operational failures being recorded.  This vehicle is now withdrawn from service.

Further vehicle system and debris testing has been carried out at Cardiff using the “A” vehicle fitted with upgraded sensors and debris deflectors. This vehicle has also been used to develop the berthing techniques, equipment settings and improved algorithms for the control software.  

In December 2006 this development work was transferred to two “mule” vehicles using a full production vehicle chassis. 

The track is in continuous use for development and for demonstrations.  These demonstrations, to a wide range of technical and customer teams, have provided many people with direct experience of the ULTra system, with unanimously positive response. 

The first production vehicle was delivered in August 2008 and is undergoing integration trials in preparation for a series of major tests, including clearance to carry passengers.  One further vehicle will be delivered before the end of 2008, and a further 18 vehicles will be delivered for the Heathrow Phase 1 contract.

Passenger Trials

In 2003 ATS undertook a series of passenger trials at the Company’s test track, a test track that reproduces all the features of a typical city application. The passengers undertook a representative journey, including use of the destination request panel, entering the vehicle, commencing (launching) the journey, completing a 1km (approximately) journey that included inclines, declines, elevated track (5.7m) and various tight and sweeping corners.  An independent survey concluded that all the passengers (100% of those participating) found the experience either satisfactory or very satisfactory. A summary of the results from the passenger trials is available at www.atsltd.co.uk.

F








�  Assumptions: average power consumption 2kW, vehicle speed 10m/s, electricity generation efficiency 33%, battery charging efficiency 90%, average 1.6 passengers per full vehicle, 40% empty vehicle overhead.


� The US DOE Transport Energy Data Fact Book 26 (2007) provides the best source of comparative data in this area. Indications are that UK figures for energy use are around 20% lower than the ones quoted or the US.
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