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(54) Abstract Title: Intelligent grouping transportation - Autonomous dial-a-ride transit system

(67) A mode of public transportation which uses computer systems, data communication systems, electronic
positioning systems, and electronic street navigation systems in order to orchestrate a fleet of
driver-controlled multi-passenger transit vehicles on the roads. To ride via this transport system,
individual travellers must first submit their itinerary requirements to the computer system. Typically,
travellers will do this by entering their itinerary data on their cellular telephone. The computer system
scans all the submitted itinerary requirements that it receives, and then intelligently groups travellers with
compatible itineraries onto the same, typically minibus-sized, transit vehicle. The computer system
creates a customised road route for this transit vehicle so that each traveller thus grouped is picked up
and conveyed exactly according to his itinerary, even though journeying simultaneously with other
travellers on board. The computer system supplies street navigation instructions to the transit vehicle
driver to direct him along this customised road route.
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Traveller Journey Request

From: 263 Kensington High Street
To: 116 Upper Street N1 1AE
Transit Vehicle: Taxibus or Car Pool
Passengers: 1
Departure Time: Immediate
Prioritise: Speed of Response

Transit Vehicle Availability

Taxibus 2 min
Car Pool 4 min

Vehicle Pick-Up Journey Cost Arrival
32min £105 1134
25min £4 50 1129

Time Now: 11 00 am
Please Select a Transit Vehicle

/

\

Taxibus Selection Confirmed

Destination: 116 Upper Street N1 1AE
Countdown to Pick-Up: 1 min 54 sec
Arrival at Destination: 11 34 am
Fare Cost: £1 05

Time Now: 11 00 am

Car Pool Selection Confirmed

Destination: 116 Upper Street N1 1AE
Countdown to Pick-Up: 3 min 54 sec
Arrival at Destination: 11 29 am
Fare Cost: £4 50

Time Now: 11 00 am

Figure 8
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2397683
Intelligent Grouping Transportation

1 - TECHNICAL FIELD OF INVENTION

This invention relates to a public transportation system that operates on the roads.

2 - SYNOPSIS

This invention is an entirely new mode of public transport which uses computer and
communication technology to group travellers with compatible itineraries onto the
same (typically minibus-sized) transit vehicle, customising the road route of this
transit vehicle so that it transports each traveller according to his or her itinerary,
generally from door-to-door. Though conceptually simple, this idea provides an
enormous range of economies and efficiencies. With individualised routing tor each
traveller, this form ol travel can compete with the private car in terms of
convenience and [lexibility. The door-to-door service offers excellent personal
security, protection from the weather, and conveys travellers considerably faster
than conventional public transport. As a consequence of‘grouping many travellers
into the same vehicle, this invention has the potential to substantially reduce the
number of cars on the roads by as much as fourfold, and to end the proliferation of
the private car. This invention thus has application in overcoming trathc congestion,
parking congestion, toxic air pollution, noise pollution, and if implemented around
the globe, will radically decrease greenhouse gas emissions.

Page 8 of 111



3 - BACKGROUND OF THE INVENTION

Throughout the world, road traffic congestion is becoming a critical problem.
Congested roads dramatically increase journey times, making travel often stupidly
inefficicnt. Being caught in slow moving and dense traffic not only wastes time, but
frequently puts drivers in aggressive moods. At the end of a car journcy there is the
added problem of parking: in many towns and cities finding a parking place can be
very troublesome; too many vehicles compete for limited parking space. The huge
amount of time lost through traffic and parking delays costs the United Kingdom an
estimated £20 billion each year. There are also enormous costs for maintaining and
expanding the road networks to support the increasing levels of traffic. Trathe
congestion significantly degrades the quality of lile for everyone - a fact not so easily
quantified, but one which is directly perceived by most people in their daily lives
without the need for figures or statistics.

Pollution is a further and very pressing problem of high traffic levels. Engines that
run on fossil [ucls (such as petrol or diesel) emit many toxic pollutants: carbon
monoxide, nitrogen dioxide, sulphur dioxide, benzene, formaldehyde, polycyclic
hydrocarbons, lead, and small particle matter. Some of these pollutants react
together in warm sunshine to form the poisonous gas ozone, the chief component of
summer smog. In London, these vehicle exhaust emissions are responsible for a

staggering 90% of the air pollution.

Air pollution has grave health consequences. The Department of Health estimates
that in the UK around 24 thousand people die each year as a result of vehicle
exhaust gases and small particle pollutants, which cause heart and lung diseases. In
particular, the soaring rise in asthma is very disturbing. Five million Britons suffer
from asthma, with a very high incidence amongst children: one child in seven 1s now
afflicted. The annual cost of asthma to the UK is estimated at £2 billion.

New rescarch in the USA, funded by the California Air Resources Board, not only
proves that asthma is aggravated by traffic pollution (a fact already accepted), but
conclusively proves that traffic pollution causes this disease in the first place. Ozone
is the culprit: breathing this gas damages lung tissue and can precipitate asthma.

Air pollution also causes cancer. New findings reported in the Journal of the
American Medical Association in March 2002 show that the death rate [rom lung
cancer is directly related to exposure to small particle pollution in the air. This
large-scale study followed half a million people over 16 years. Particulate pollution
arises from fossil fuel combustion and factory chimneys. The smaller-sized particles,
those less than 2.5 microns in diameter, are the most dangerous: they are casily
inhaled deep into the lungs where they can lodge for long periods causing persistent
damage to lung tissue.

Another pollution problem 1s haytever - a discase virtually unheard of before the
industrial revolution. Hayfever is not life threatening, but is nevertheless an
unplcasant allergic condition. In major cities there is a marked increase in people
contracting this disease, and air pollution is thought to be the principal causal factor
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in the development of hayfever (although this has not been rigourously proven).

Vehicle exhaust emissions are a substantial source of greenhouse gases. Fossil-fuel
burning engines generate large quantities of carbon dioxide, a gas which though not
toxic to human health, is the principal greenhouse gas implicated in global climate
change. The Transport Studies Unit at Oxford University estimate that at least 25%
of Britain's carbon dioxide emissions originate from transportation, and in the US
the figure is closer to 33%. Road traffic may thus be detrimental to climate stability.

Traffic congestion, parking congestion, lost time and carnings, stresstul journeys,
road rage, degradation in the quality of life, noisc pollution, air pollution, life
threatening medical conditions, global warming potential: these are all problems of
high traffic levels. How can trallic volumes be meaningfully reduced?

One obvious solution is to entice more of the populace to travel by public transport.
Yet experience has shown that this approach often fails because the private car is
much faster, more flexible and more convenient than public transport. The car will
remain the prelerred mode of travel unless public transport is radically improved.

Another approa,ch to curbing car usage rests on vehicle restriction schemes, which
aim to limit the quantity of vehicles on the roads. Though many different trathic
restriction schemes have been contrived and implementcd, they have not in general
been very effective, and often introduce problems of their own.

A third method of cutting trattic levels involves car pooling schemes, in which
commuters with similar itineraries organise themselves so that they can travel in a
single vehicle driven by one of the commuters. Car pooling is a great idea in
principlc, but there are many |ogislical problcms to be solved before such an
approach becomes practicable and widely adopted.

In summary, no simple and ellective system for dealing with the traffic congestion
crisis has yet been found, cven though virtually every nation in the world 1s in
desperate need of a workable solution.

The present invention is the breakthrough solution to transport problems and traffic
congestion. Its various modes of operation will radically reduce traftic levels, yet
amazingly this invention requires no changes to road layouts, highway laws, existing
public transport operation, or any transport infrastructures: it is a minimal-impact
system, which easily coexists with other forms of transport, and other traffic control
schemes. This solution places absolutely no restrictions or additional costs on
motorists. In fact in one mode of functioning it actually helps drivers recoup the costs
of running their vehicles. Most importantly, this invention decrcases the number of
vehicles on the roads, yet it docs not decrease the total number of passenger
journeys taking place, thus maintaining pcople-mobility.
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4 - PROBLEMS OF EXISTING TRANSPORT SCHEMES

In order to appreciate the compelling logic of this invention we must first familiarise
ourselves with the flaws and (ailures of existing modes of transport and existing
means of traflic congestion control. We inspect three areas: public transport

solutions, traffic restriction schemes, and car pooling.

4.1 - Public Transport Solutions

Improvement of conventional public transport facilities is frequently claimed to be
the best approach for reducing traftic levels. Public transport is unarguably a vital
mode of travel, and road tratfic levels would certainly soar without it. However
public transport, 1n its extsling forms, can never compete with the private car. The
car s at present unbeatable in terms of door-to-door convenience, all-weather
comfort, flexibility of itinerary, the case of carrying goods or luggage, personal

security, and so lorth.

Compared to the private car, travelling by public transport frequently requires
complex pre-planning (consulting timetables, examining fare options, checking
journcy times, working out how to get to and from the train stations or bus stops).
This planning becomes especially time consuming when travelling to new and
unfamiliar destinations. For many people it will always seem easier to jump into the
car. This fact is borne out by the Department [or Transport's statistics: in the UK a
massive 62% of all journeys take place by car, compared to only 6% by bus and a
paltry 2% by train and underground railway. (Walking accounts for 26% of trips.)

These statistics further reveal that, for journcys of less than 25 miles, travelling by

car is around fwice as fast, on average, as the same journey by bus or train. when tne

overall door-to-door travel time is taken into account. Public travel takes so much

longer than the car because of the necessary wait for the transport vehicle to arrive,
and also because of the time consumed by trips to and from the station or bus stop,

at either end of the journey.

Given these facts, 1t 1s not surprising that the car is the first choice for transport.
Clearly il public travel is to be made more attractive so as to compete with the
private car, the sources ol this wasted time must be eliminated, as must the complex
pre-planning process, the inflexibility of itinerary, and the many other problems of
public transport. Furthermore, as we saw, the private car provides the bulk (62%)
of the daily passenger journcys in the UK: the car cannot be replaced until another
mode of transport is introduced to provide for this amount of passenger journeys.

4.2 - Traffic Restriction Schemes

Since it appears that the car is clearly favoured over public transport, in an ellort to
combat road traffic congestion, many cities are concentrating on trattic restriction
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schemes. All these traffic restriction schemes have the same goal: to limit the volume
of vehicles travelling within a controlled region. Many dilferent traffic restriction
systems have been tried; some were successful, others failed completely. All were
complex and inconvenient, especially in terms of the constraints forced upon the

motorist.

One type of restriction scheme 1s road pricing, which charges motorists for driving
in designated arcas in order to price out a certain percentage of road users. Road
pricing schemes are controversial for many reasons, nevertheless, such a scheme

will shortly begin operation in [London.

A second class of scheme restricts traffic according to vehicle licence number.
Although now discontinued, a system enforced in Mexico City during periods of
extreme air pollution controlled car use on the basis of vehicle number plate.
Vehicles with odd-numbered licence plates were prohibited from use on certain
days in the weck, and vehicles with even-numbered licence plates were prohibited
on the alternate days. Although one would expect such a scheme to effectively halve
the number of vehicles on the roads, only an 11% traffic reduction was actually
observed. The scheme's disappointing performance was due to several factors. For
example: necessary car journeys would just be deferred to a permitted driving day,
meaning that overall vehicle usage was not decreased; and wealthier families would
often buy a second car with a complementary licence number, allowing road use
everyday. Ultimately this highly inconvenient scheme did little to reduce trafhc
congestion.

A third class of scheme, already adopted by Gothenburg in Sweden and Bremen in
Germany, divides the city into several traffic cells. Vehicles can travel freel_y within
onc cell's localit_y, but in order to travel between Ce“s, a ring road must be used. The
exceptions are for bicycle and commercial vehicles, which are permitted to travel
directly across cells. As a result of this scheme, traffic volumes were substantially
lowered. Nevertheless, this method does have one big disadvantage, which is that it
frequently forces vehicles to take a longer and more complicated trip than is
necessary when travelling to an adjacent traffic cell. There may also be problems in
scaling up the concept for use in larger cities, or when the particular layout of a city
prevents expediently routed ring roads.

As well as their own specific problems, these congestion control schemes suffer from
two pr‘oblems common to all restriction methods: ﬁrstly the need to police the
system, and secondly the abuse of exceptions. Continual monitoring of the system is
necessary il it is to be enforced, thus taxing human resources and transport budgets.
Even with good policing, however, the abuse of exceptions remains an unresolved
problem. Many categories of vehicle (delivery vehicles, doctors, salespeople, and so
forth) may be granted exemption for their legitimate business; but what is to
prevent such drivers from enjoying this concession on non-legitimate journeys?

A further problem with vehicle restriction is the possible economic repercussions. If
vehicle restriction results in less passenger journeys taking place, a proportional
decrease in economic activity could result, as a certain percentage of trips to
shopping centres, to the higl’) street, to business clients, to Citty centre restaurants, to
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night entertainment, and to tourist attractions are cancelled. Man.y sectors of the
cconomy are critically dependant on transportation, and modern lifestyles are based
around mobility. Traffic levels certainly nced to be controlled, but ideally without
decreasing the overall amount of passenger journeys daily taking place.

One final problem with vehicle restriction schemes is simply the fact that they are a
restriction. Nol)ody wants extra constraints placed on their frec movement. In a
sense, introducing traffic restrictions is an admission of defeat. It would be so much
better to deve]op a tr‘ansporlzltion scheme that liberated the roads in a positive way
rather than impose harsh restriction methodologies on road users.

4.3 - Car Pooling Congestion Control Schemes

Car pooling is one such approach to a positive transportation scheme. Typically in
car pooling schemes, suburban commuter travellers elect to leave their cars at home
and journey to their destination in the vehicle of a fellow commuter. Clearly, were
car pooling widely adopted, traffic levels would noticeably fall.

Many states in the USA have tried to encourage car pooling by marking out special
'diamond' lancs on the freeways, these lanes being reserved for vehicles carrying
several passengers; drivers of such 'high occupancy vehicles' can cut their journey
times and avoid traffic congestion by using the relatively traffic-free diamond lanc.
A ninety-minute freeway commute, as an example, can typically be cut down to just
one hour using this diamond lane. In this way the diamond lane encourages drivers
to [ill the empty scats in their cars with passengers.

The intention behind car pooling is good. Even a casual examination of cars on the
roads during the commuter rush hours reveals that most carry the driver only. This
is clearly a wasteful and inefticient way of transporting people as most of these solo
drivers will have three or more unused seats available in their vehicles, scats which
in principle could carry passengers travelling to compatible destinations. Solo
drivers are also travelling at a maximum 'pollution per person' level by having an
entire exhaust emitting engine to themselves.

The lundamental dilficulty in car pooling, however, is the logistics of matching
passengers to vehicle drivers. In the American diamond lane scheme, no formal
system of matching has been established: freeway commuters must arrange this
themselves. Typically prospective passengers will congregate at freeway entrances,
sometimes wielding cardboard signs bearing the name of their destination, waiting
for a suitable vehicle to pick them up. There are also Internet web sites via which
passengers can link up with suitable car pool drivers. Although the American
experiment has had some success in stimulating car pooling amongst commuters,
the diamond lanes often remain empty even when the other lanes on the freeway are
heavily congested. Some US states are discontinuing the diamond lane scheme on
the grounds that, having failed to stimulate car pooling to a sufficient degree, these
relatively empty lanes waste valuable carriageway space.
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Clearly the diamond lane idea has some serious weaknesses. Firstly, the informal
manner of matching prospective passengers to drivers with compatible itineraries is
not eflective enough; the process of placing passengers into an appropriate vehicle
needs to be much better organised. Secondly, if prospective passengers are in short
supplty, the diamond lane cannot be used and wastes valuable lane space on the
freeway. Thirdly, the scheme requires diamond lanes to be set up and marked out:
whilst this can be done on freeways, it becomes more difficult to do this in urban
areas where roads are narrower, f.requently cluttered with parked cars, and may
only have one lane running in each dircction. Fourthly, the diamond lane must be
constantly policed to ensure only high occupancy vehicles use it. Finally, if the
diamond lane were successtul, then it would begin to fail, because these lanes would
also become congested and therefore the incentive to carry passengers disappears.

In spite of the diamond lane method failing to stimulate car pooling to a sufficient
degree, the intention and principle of car pooling remains an intelligent solution to
road traffic congestion. All that is needed is a better way of encouraging drivers to
carry passengers (pref'era,bl_y one that does not require road lelyout changcs), and an
effective way of matching passengers and drivers with compatible itineraries,

4.4 - Summary of Transport Problems

[t is evident that certain formidable transport problems underlic road congestion. In

summary:

Lhe Private Car is generally the fastest and most [lexible means of travel, yet for this
very reason the car, in its burgeoning numbers, causes traffic congestion, parking
congestion, air pollution, noise pollution, stress and road rage, greenhouse gas
emissions, and many other problems besides.

Existing Modes of Public Transport cannot compete with the car since, on average, they
take twice as long for journeys under 25 miles; they lack the 'jump in and go'
immediacy of the car; they often demand complex pre-planning before travel; and
they have no flexibility of itinerary. In addition, existing modes of public transport
do not provide a door-to-door service, so personal security and protection from the
weather is not complete, and carrying luggage or goods 1s made more difficult.

Traffic Restriction Methods place undesirable constraints on free movement, need
constant policing, and are open to abuse of exceptions. They may decreasc the
number of journeys taking place, so there may be adverse economic repercussions.
Restriction methods are a negative approach to solving traffic congestion problems;
they should be used as temporary measures rather than as long term solutions.

Car Pooling Schemes are a great idea in principle, but existing methods of matching

passengers to vehicle drivers are not sulliciently effective, and it is not easy to devise
a car pooling system which provides an incentive for drivers to give rides.
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5 - DEFINING FEATURES OF THE INVENTION

5.1 - Object and Applications of this Invention

The formidable transport problems described above are addressed and solved by
the present road transportation invention. In particular:

This invention has an objective to provide a mode of public transport that operates
on the roads and can supply a city with millions of passenger journeys daily, yet
generating only a fraction of the road traffic that normally arises when this amount
ol passenger journcys are [urnished by the private car mode of transport.

This invention has an objective to provide a mode of public transport that is quicker
than existing public transport: for door-to-door journeys under 25 miles, existing
public transport is on average a factor of 2 slower than the car; this invention aims
to reduce this factor (preferably to a value of 1.6 or lower).

This invention has an objective of being able to provide a mode of public transport
that, like the private car (and unlike existing mass public transport), has complete
flexibility of itinerary, provides a door-to-door transport service, has a 'jump in and
go' immediacy, and docs not demand prc-planning before travel: these features
allow this invention to compete with the car in terms of transport convenience.

This invention has an objective to provide a mode of public transport that 1s able to
respond very rapidly to a prospective traveller's travel needs, aiming where possible
to get a transit vehicle to collect traveller within a three minute timescale (or when
the traveller is less pressed, within a fiftcen minute timescale) from the moment the
traveller submits his or her itinerary specification (see section 7.12).

This invention has an objective of decreasing road traffic levels without decreasing
the total number of passenger journeys taking place on the roads (tratfic restriction
schemes lower traffic levels, but may decrease the amount of journeys taking place,
which reduces people-mobility and may have adverse economic repercussions).

This invention has a long-term objective of reducing the number of private cars on
the roads by a twofold factor (a 50% reduction) or more.

This invention has a long-term objective of abating parking congestion, which is a
significant problem created by the proliferation of private car (sec section 7.10).

This invention has the vitally important long-term objective of substantially
r'educing air pollution and greenhouse gas emissions wherever implemented, both in
developed and developing nations.

To achieve these objectives, this invention has two main configurations: electronic
navigation taxibus transport, and car pooling transport. This invention can run
either of these configurations separately, or can run them both at the same time.
Other transport configurations of this invention are also possible. such as the scl:-
drive transit vehicle described in section 9.21.
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The electronic navigation taxibus is a revolutionary and entirely new mode of public
transport, perhaps destined to become the primary mode of travel in the 21st
century. The taxibus is a road transport vehicle that generally conveys passengers
[rom door-to-door, thus providing a transport service comparable to that of a taxi
cab, yct onc which may pmﬁtably operate with fare costs similar to those of a bus.
The taxibus is the first mode of mass public transport that can not only equal the
convenience of the private car, but as will become apparent, may even exceed it.

Analysis suggests that introducing a fleet of taxibus vehicles can massively reduce
the quantity of traffic on the roads: a remarkable fourfold reduction in the number of
cars on the roads is obtainable (see section 7.18). The taxibus can swiltly curtail
traffic congestion, air pollution and greenhouse gas emissions with unparalleled
cfficacy; for these reasons it is anticipated that the taxibus will be rapidly adopted as
the primary mode of public transport in towns and cities around the globe.

The car pooling configuration of this invention, though not quite as revolutionary as
the taxibus, nevertheless manages to solve all the problems of car pooling described
in section 4.3. In particular this car pooling configuration provides a very effective
means of matching prospective passengers with car pool drivers having compatible
itineraries, and can provide a monetary incentive to cncourage drivers o give rides.
Although car pooling, even in this present incarnation, is an informal mode of public
transport, it can certainly help further decrease the quantity of cars on the roads.

[n both taxibus and car pooling, the transportation capabilitics of this invention are
completely scalable: this invention can operate in a village where it might provide
just a few hundred passenger journeys each day, or in a major city where it could
comfortably handle 10 million or more daily passenger journeys (the ability of this
invention to provide passenger journcys in the millions is proven in section 7.11).

Note that this invention is highly practicable, both technologically and financially.
For the most part it uses existing and established technologics, most of which are
already 1n place or already in operation; as a consequence this invention can be
implemented remarkably cheaply, and without changing any of the physical or
technological infrastructures of a town or city. The system of transportation of this
invention is also cheap to run, and may quite easily be operated at a profit (a simple
financial analysis of the transport operations of this invention is given in section
7.11). Financial viability is crucial to making this invention useful, and allows it to
be implemented in both rich and developing nations throughout the globe.
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5.2 - Basic Concepts - Adaptable Routing and Intelligent Grouping

The conceptual foundation of this invention rests on two transport methodologies
which we shall refer to as adaptable routing and intelligent grouping.

Adaptable routing applies (o vehicles whose route is completely flexible and can be
modified at any time to accommodate a traveller's particular journey requirements.
Adaptively-routed vehicles provide a transport service that collects a traveller from
his starting point or address and conveys him to his destination point or address.
This contrasts to fixed-route transport vehicles such as buses and trains which do
not alter their routing to accommodate the traveller's itinerary. Ordinary taxi cabs
usc adaptab]c routing, as of course docs the privutc car.

lntc“igcnt grouping involves the placement of dispuratc travellers, who happen to
have compatible itincraries, onto the same transport vehicle. Ifixed-route vehicles
such as buses and trains automatically use intelligent grouping; though obviously in
these cases, no great intelligence is involved, as the conveyance of passengers with
compatible itineraries is intrinsic to fixed-route transport vehicles.

In the case of adaptively-routed transport vehicles, however, intelligent grouping of
travellers i1s by no means automatic and to achieve it requires precise orchestration
of both travellers and transport vehicles. It is a very complex undertaking to operate
transport vehicles that J[mu//'am"(m.f/y usc adaplable routing and inte”igent grouping.
Neverthceless, this is exactly what this invention does, as we shall see.

Adaptable routing is an important characteristic ol this invention because it can
provide travellers with door-to-door travel from their starting point or address to
their destination point or address, thus creating a convenient and highly attractive
mode of public transport.

Intelligent grouping is an equally important characteristic of this invention as it
enables transport vehicles to carry many disparatc travellers at once, which allows
passenger fare costs to be kept low. and allows travellers to share the same transpor:
vehicle.

The simultaneous union ol adaptable routing and intelligent grouping achieved by
this present invention is fundamental to reducing road traffic as it entices travellers
who might have otherwise journeyed in their own individual cars to climb aboard an
adaptively-routed transport vehicle and get exactly the same door-to-door service
that their cars would have provided.

In adaptively-routed transport vehicles, a set of travellers are said to be intelligently
grouped when the itinerary of any onc traveller does not force the transport vehicle
to significantly deviate from, and thus increase the journey times of, the itincraries
of the other travellers aboard the vehicle. A set of travellers can only be intelligentl‘y
grouped when they have reasonably compatible itineraries.

Generally, an individual traveller will want to be conveyed on the quickest route
from his embarkation to his destination (such as he would take in his own private
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car), rather than travel by a longer and more roundabout path in an adaptively-
routed transport vchicle; the above definition states that when travellers are
intelligently grouped in an adaptively-routed transport vehicle, each individual
traveller's journey time from his embarkation to his destination point is not
significantly increased in relation to this quickest route.

Note, however, that this definition of intelligent grouping, although succinct, does
not quantitatively specify what is meant by 'significantly increased'. A quantitative
definition of intelligent grouping which does is provided in section 5.7.

In section 5.7 we shall show that for each set of travellers intelligently grouped in an
adaptively-routed transport vehicle, there exists an associated optimal transit route
which represents the quickest way (or almost the quickest way) to convey the said
travellers in accordance with their itineraries; we also introduce a parameter called
the Compatibility Index which quantitatively measures intelligent grouping.

5.3 - Some Further Terminology

Having delined the terms adaptable routing, intelligent grouping, optimal transit
route, and the Compatibility Index, we now introduce some further terminology.

Note that any terms introduced in bold type in this document are definitions that
apply throughout the document.

In this document the term traveller is used to denote a person journeying on their
own itinerary, which includes drivers journeying on their own itinerary. The term
passenger denotes any person journeying on their own itinerary, excluding drivers.
The term driver covers both drivers who are travellers (such as car pool drivers and
drivers of the sclf-drive transit vehicle described in section 9.21, who are journeying
on their own itinerary), as well as drivers who are not travellers (such as taxibus
drivers, who have no itinerary of their own).

A traveller or passenger itinerary is defined as a data structure or a computer data
format which specities a traveller or passenger travel plan. In most lorms of public
transportation, the embarkation and disembarkation points arc the most important
aspects of a traveller itinerary, and many traveller itineraries are specified by just
two items of data: the traveller's embarkation point and the traveller's destination
point. This definition ol itinerary, however, includes more complex travel plans,
including travel plans with more than one destination point, and travel plans with
specific routing requirements (such as itineraries required (o avoid specified areas of
town). Mathematically speaking, using the terminology of graph theory, most
traveller or passenger itineraries can be encoded as a directed graph whose vertices
are the embarkation and disembarkation points of the itinerary, and whose directed
edges indicate the direction of travel.

A vehicle itinerary is defined as a data structure or a computer data format which
specities the travel plan of the vehicle. Typically, a vehicle itinerary will comprise a
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set of prescribed geographic points or addresses to which the vehicle must navigate
in a prescribed order. A vehicle itincrary may or may not include a specification of
the road route that will enable the vehicle to reach the said geographic points or
addresses. Typically these geographic points will be traveller embarkation and
destination points. Mathematically speaking most vehicle itineraries can be encoded
as a directed graph whose vertices are the said geographic points or addresses, and
whose dirccted edges indicate the direction of travel between these geographic

points or addresses.

A journey request 1s defined as a data structure or a computer data format which
includes a specification of a traveller or passenger itinerary, and may also include a
specilication ol any other travel requirements relating to this itincrary, such as the
number of travellers to be conveyed on the said itinerary, the details of any luggage
carried by the travellers, and the time and date at which conveyance of the travellers
according (o the said itinerary is to commence. The journey request may also specify
certain travel prelbrences, such as whether the traveller prefcrs to avoid sp]it
journeys (section 9.2), or whether he wants to prioritise transit vehicle speed of

response or speed of journey (section 7.12).

Car pool drivers are classed as travellers, but their itincraries are specified in a data
structure or a computer data format which we call a car pool intended itinerary
specification, rather than a journey request. A car pool intended itinerary
specification will include details of the vehicle itinerary that the car pool driver
intends to follow, and will usually include related information such as the number of
available passenger scats in the car pool vehicle. Usually the driver's intended
itinerary will simply comprise his current location point or address and his intended
destination point or address; however if the car pool driver nceds to make additional
stops en route, then the location point or address of these stops must be included in
the car pool intended itinerary specification.

The term transport vehicle is defined as a vehicle which is capable of carrying
travellers. The term adaptively-routed transport vehicle is delined as a vehicle
which is capable of carrying travellers and which is capable of being adaptively
routed on the road networks. Adaptively-routed transport vehicles include, for
example, the car, minibus, coach, the rickshaw, and the horse-drawn carriage.

A transport vehicle's current itinerary commitments are delined as the set of
itineraries of the travellers currently being conveyed in the vehicle, plus the
itineraries of any travellers that the vehicle is currently committed to picking up.

A digitised street layout map is defined as a data structure or a computer data
format, typically a graph, which details the layout or connectivity of the road
nctworks of the particular geographic regions in which this invention operates.

The term data-processing instructions is used to denote any computer instructions
or computer programming code, including software, and including computer
instructions or code encapsulated in hardware (such as firmware or purpose-
designed integrated circuits). A data-processing module employs a set of data-
processing instructions to perform a specific data-processing function. (Note: one
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sct of data-processing instructions may constitute more than one data-processing
module; for example, the intelligent grouping module and the electronic street
navigation module deflined below may be embodied in the same set ol data-

processing instructions).

5.4 - Component Parts of the Invention

We now introduce and define a number of component parts used in this present
invention. The components defined appear in bold type, and these definitions apply
throughout this document.

A transit vehicle is defined as one which is capable of carrying travellers, which s
capable of being adaptively-routed on the road networks, and which is participating
(or is about to participate) in the transportation system of this invention, and whilst
participating, forms a component part of this invention (in other words a transit
vehicle 1s an adaptively-routed transport vehicle which is operating as part of this
invention). We define a taxibus as a transit vehicle piloted by a driver who has no
itinerary ol his own; and define a car pool vehicle as a transit vehicle piloted by a
driver who is currently travelling in this vehicle on his own itinerary.

A controlling computer system is defined as a data-processing system comprising
one or more mainframe computer data-processing installations, or comprising a set
of distributed (typically portable or mobile) computer processors, or comprising a
combination of these last two setups, or comprising some other configuration of
data-processing hardware; in this document the term controlling computer system
not only relers to the data-processing hardware, but also encompasses the data-
processing instructions (computer programming code) running on this hardware; in
particular note that both the electronic street navigation module and the intelligent
grouping module defined below are component parts of the controlling computer
system; by definition a controlling computer system will have the ability to send and
receive data over the data transmission system defined below.

A data transmission system is delined as one which facilitates transmission of data
between the remotely-located (geographically distant) components in this invention.
The data transmission system may comprise onc or more transmission methods,
including wireless electromagnetic transmission (for example radio, optical and
microwave), land-line transmission (for example clectric or fibre optic cable), and
transmission over the Internet or other computer networks. The remotcl_y-located
components in this invention may include: the controlling computer system (and
any geographically distributed computer processor elements thercof), the electronic
positioning system (and any geographically distributed elements thereol), and the
communicator devices (delined below) used by travellers and transit vehicle drivers.
When remotely-locatcd componcnts necd to exchangc data, the data transmission
system is used to transmit this data; components of this invention that are adjacently
located (such as an computer processor element incorporated into a communicator
('lcvice) may exchangc data dircclly via a local data connection.
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A communicator device is the generic name we shall give to the (typically portable
and electronic) gadgets which allow people interacting with this transportation
invention (passengers and drivers) to send and/or receive data over the data
transmission system (typically to the controlling computer system). When a
communicator device is locally connected to the controlling computer system (or a
computer processor clement thercof), then the sending and/or receiving of data may
be performed via this local connection. Examples of communicator devices include
the telephone, the cellular telephone, the wireless PDA (Personal Digital Assistant)
and an Internet-connected personal computer.

An electronic positioning system is used in its commonly-understood meaning: an
electronic or computerised system that allows its users to determine their
geographic location. A satellite positioning system such as the American GPS
(Global Positioning System) is an example of an electronic positioning system. An
electronic positioning system may comprise one or more methods of providing
positioning data (such as for example the methods described in scction 9.22); using
more than one method may be done in order to improve posit‘ioning accuracy, to
widen the geographic coverage of the system, or for any other reason.

An electronic street navigation modaule is defined as a data-processing module
that, given a vehicle itinerary, can provide navigational instructions which allow a
transit vehicle driver to follow this vehicle itinerary; l)y definition the electronic
street navigation module (both its data-processing hardware and its data-processing
instructions) forms part of the controlling computer system. A basic form of
clectronic street navigation module might simply pass on the optimal transit route
data gencrated by the intelligent grouping module (described below), thereby
providing the driver with static navigational instructions for the optimal transit
route itinerary; a more sophisticated clectronic street navigation module would
operate along the lines of the in-car satellite navigation systems that are now
commonly available: in-car satellite navigation systems make use of a digitised strect
layout map, and make usc ol data from a satellite electronic positioning system, in
order to provide the car driver with real-time navigation instructions which are
based on, and dynamically respond to, the vehicle's current geographic location.

An intelligent grouping module is defined as a data-processing module which, on
the basis of traveller journey requests, and on the basis of the transit vehicles
available, intelligently groups the travellers associated with the journey requests into
the said transit vehicles and devises optimal transit routes by which these transit
vehicles can transport the said travellers in accordance with the itinerarics specified
in the said journey requests; by definition the intelligent grouping module (both its
data-processing hardware and data-processing instructions) forms part of the
controlling computer system. An intelligent grouping module may utilise a digitised
street layout map with which to plan routes.
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5.5 - Essential Features of the Invention

In accordance with the objectives described in section 5.1 the cssential {eatures of
this present invention are described using the terminology defined in sections 5.2,

5.3 and 5.7 along with the components defined in section 5.4, and are as follows.

This invention provides a traveller transportation system operating on the roads in
which travellers use communicator devices to send their journcy requests, and any
car pool vehicle drivers use communicator devices to send their car pool intended
itinerary specifications, to a controlling computer system wherein:

an intelligent grouping module intelligently groups the said travellers into transit
vehicles, and creates an optimal transit route for each of these transit vehicles to
convey the said travellers in accordance with the itinerary and the other travel
details specilied in each of the said journey requests or car pool intended itinerary

specifications;

the said intelligent grouping module operating with the aid of data from an
clectronic positioning system detailing the current geographic position of each of the

said transit vehicles;

the drivers in each of the said transit vehicles being directed along the said optimal
transit routes to convey the said travellers by means of navigational data supplied by
an electronic street navigation module incorporated into the said controlling

computer system;

the said navigational data being sent to the communicator device within each of the
said transit vehicles, these communicator devices detailing the navigational data to
the drivers of the said transit vehicles;

throughout the above-described operations, a data transmission system is used
wherever data needs (o be sent between the remotely-local‘cd components of the
invention, these components including the controlling computer system (and any
geographica”y distributed com puter processor elements thereof), the electronic
positioning system (and any geographically distributed clements thereof), and the
communicator devices used by travellers and transit vehicle drivers.

Note: it follows from these essential [eatures that: all transit vehicles are equipped
with a communicator device; and that the electronic positioning system is able to
locate the geographic position of all operational transit vehicles.

Note: it is advantageous lor the electronic positioning system to be able to locate
travellers as well as transit vehicles, but this is not a mandatory feature.

Page 22 of 111



_ 16 -

5.6 - Preferable Features of the Invention

Preferably the journcy request will allow travellers to specify the number of
traveller seats required on the journey, so that groups of people travelling together

can be accommodated by this invention.

Preferably the journey request will allow travellers to specily their luggage
rcquiremenrs, so that travellers with luggagc can be [ound a suitable transit vehicle.

Preferably this invention will have the ability to handle pre-order booking and
regular order booking traveller journey requests: travellers who place a pre-order
booking with the controlling computer system will have a transit vehicle arrive to
collect them at the time they specify in the journey request, in order to convey them
along the itinerary they specify in the journey request; a regular order booking is
like a pre-order booking except that it is repeated on a regular basis specified in the
journcy request (lor example: daily) until cancelled (see section 7.8).

Preferably this invention will operate with traveller itineraries that fall into the
category of simple two-point itineraries which comprise the traveller's embarkation
point and destination point: this makes the itineraries simple to specify on a
communicator device and casy to process computationally.

Preferably this invention will operate with vehicle itincraries that comprise a set of
delined geographic points or addresses to which the vehicle must navigate in a
prescribed order, to pick up or drop ol travellers.

Preferably the transit vehicles operated by this invention will be able to service the
same sort of strect addresses and locations as can a private car or taxi cab (in other
words, like the car and taxi cab, these transit vehicles will be sufficiently small and

manoeuvrable to be able to reach virtua”y all street addresses).

Preferably the transit vehicles operated by this invention will be piloted by a
professional driver with no itinerary of his own (by definition, this is the electronic
navigation taxibus configuration of this invention); alternatively these transit
vehicles may be piloted by a driver who is travelling on an itinerary of his own, and
who wishes to accommodate and transport passengers in his vehicle (by definition,
this is the car pooling conliguration of the invention); alternatively this invention
may operate both taxibus and car pooling vehicles simultancously.

Preferably the transit vehicles operated by this invention will include the self-drive
transit vehicles described in section 9.21.

Preferably the data transmission system will use a cellular telephone network as a
method of data transmission, and preferably this cellular network will use the 3G
(third-generation) cellular network technology currently being introduced in the
UK, or later generations thereof, which is particularly adept at text and graphic data
transmission; alternatively this data transmission system may use a mesh network
method of data transmission (mesh networks are described in section 8.4).

Preferably the data transmission system will be able to transmit data more or less
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instantaneously, ‘r_ypical].y with the speed of an electromagnetic wave or the speed of
a signal propagating along an clectric land line, so that no burst of data will take
l()ngcr than a few seconds to travel via the data transmission system. Such spcecl 18
nccessary if this invention 1s to operate effectively in real time.

Preferably this invention will operate a door-to-door transport service, that is to
say, run transit vehicles that convey each traveller in accordance with his itinerary
right from his starting point or address to his destination point or address;
alternatively travellers may be conveyed almost door-to-door by being picked up
and/or dropped off within a short walking distance of their starting and destination
points or addresses (such as in the 'quasi door-to-door' taxibus in section 9.3 ).

Preferably this invention will employ communicator devices that are electronic
gadgets capable of two-way transmission of information (able to send data and
receive data via the data transmission system).

Preferably this invention will employ communicator devices that are portable so
that users of this invention can carry a communicator device on their person.

Prelerably this invention will employ communicator devices that possess a text and/
or graphics display screen and some sort of keyboard or keypad, allowing a visual
prescntation of information to the user, and allowing users to type in information.

Preferably this invention will employ communicator devices that are of the cellular
telephone or wircless PDA (Personal Digital Assistant) type and which operate
with a cellular telephone network data transmission system (see section 7.2 for a
more detailed description of such types of communicator device).

Preferably the electronic positioning system of this invention will be able to locate
the geographic position of communicator devices carried by travellers, as well as
locate the geographic position of transit vehicle communicator devices.

Preferably the elcctronic positioning system will be a satellite positioning system;
alternatively the clectronic positioning system will based on cellular base station
triangulation (both are described in detail in section 9.22); alternatively a
combination of both satellite positioning and cellular base station triangulation.

Preferably the electronic positioning system will usc a road coding system or a
short range radio transmitter system as described in section 9.22 as an ancillary (or
alternatively as the main) clectronic positioning system.

Preferably the clectronic positioning system will be capable of providing a
locational accuracy to within 10 metres when operating at optimum performance, so
that communicator devices equipped with electronic positioning functionality can be
located to within this distance.

Preferably this invention will operate using pre-defined passenger pick-up (and

optionally set down) points, each with a unique pick-up point refcrence code, in
order to climinate passenger pick-up point ambiguity (sce section 9.16 ).
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Preferably the electronic street navigation module would operate in a similar
manncr to the self-contained in-car satellite navigation system, providing the vehicle
driver with real-time street-by-street navigation directions which are based on the
vehicle's current geographic location. Such in-car navigation systems rely on a
digitised street layout map, and use an electronic positioning system to provide

current location data.

Preferably this invention will rapidly process incoming journey requests, so that
when a prospective traveller submits a journc_y recquest on his communicator dcvice,
the controlling computer system will marshal a fast response that has a transit
vehicle arrive to collect the traveller and convey him along his specified itinerary
typically within minutes (section 7.12 explains why a fast response is important).

Preferably this invention will operate such that prospective travellers will generally
have their transit vehicles arriving to collect them within three minutes of
submitting their journcy request (section 7.12 examines the importance and
theoretical feasibility of a three minute response).

Preferably the intelligent grouping module will take into account transit vehicle
proximity to the prospective traveller: this means that when trying to place a new
traveller into a transit vehicle, not only will the intelligent grouping module seek a
vehicle with a good itinerary compatibility to the traveller, the module will also try
to find a transit vehicle that is currently located in the vicinity of that traveller,
enabling the transit vehicle to get to the traveller's pick-up point quickly.

Preferably the intelligent grouping module will process traveller journcy requests
which specify an immediate departure time as follows. The intelligent grouping
module will examine the current position and current itineraries of its transit
vehicles en route (and any idle transit vehicles, il available), searching for a transit
vehicle in the vicinity (a few minutes driving distance) of the traveller's pick-up
point, and one into which the traveller can be intelligently grouped. When the
intelligent grouping module finds such a transit vehicle for the traveller, this module
revises the transit route of that vehicle so that it can pick up the traveller from the
pick-up point specified in his journey request, and convey him and the other
travellers on board the vehicle to their respective destinations. This method is useful
when dealing with new journey requests in which travellers require immediate pick
up and departure. Alternatively the intclligent grouping module may process
journey requests some time in advance of the traveller's departure time, searching
for a transit vehicle which will be in the vicinity of the traveller's pick-up point at
(or close to) his departure time, and one into which the traveller can be intelligently
grouped. This second method is useful when dealing with batches of pre-order and
regular order journey requests. Alternatively the intelligent grouping module may
operate both of these two methods. (Thesc two methods respectivelty Correspond to
the processing of class C and class D journey requests described in scction 7.1).

Preferably the intelligent grouping module will have the ability to split a traveller's
journcy into different legs using two or more different transit vehicles (the need for
split journeys is explained in section 9.2).

Page 25 of 111



19 _

Preferably the intelligent grouping module will have the ability to route, or, in the
case ol split journeys, partially route, a traveller itinerary via existing modes of
public travel such as buses and trains as well as by taxibus or car pool transit
vehicles. This will enable this invention to seamlessly integrate with existing public
transport (multi-modal travel is described in section 7.17).

Preferably the inte”igcnl grouping module will operate so as to aim to placc at least
6 travellers into each transit vehicle. An objective of this invention is an ability to
provide mass transportation of travellers without generating high levels of road
tralfic congestion: this objective depends on placing several travellers in cach transit
vehicle. Placing 6 passengers is certainly achievable with the taxibus. Section 7.11
details how tralfic congestion is overcome, and scction 7.18 details how this
invention substantially lowers greenhouse gas emissions, when there are 6 to 8
travellers travelling in cach transit vehicle. Obviously this preferable eaturc only
applies to transit vehicles ol sufficient size: those having 6 or more passenger seats.
In particular we exclude car pool vehicles, most of which will not have sufficient
seals to accommodate 6 passengers (and even if they had, the car pool driver would
be unlikely to want to convey that many passengers in his vehicle).

Preferably the intelligent grouping module will intelligently group travellers so that
the Compatibility Index (defined in section 5.7) of their itineraries is typically less
than 1.6 (measured when there are at least 6 travellers in the transit vehicle). A low
value for the Compatibility Index is important to achieving one of the objectives of
this invention: to provide a mode of public transport that for the door-to-door
journey is quicker than existing public transport.

Preferably the intelligent grouping module will intelligently group travellers so that
the Compatibility Index of their itineraries is typically less than 2 (measured when
there are at least 6 travellers in the transit vehicle). This invention still remains a
very viable mass transportation system when the Compatibility Index is less than 2.

Preferably the intelligent grouping module will perform its intelligent grouping
calculations using data that details the current traffic speed on each road - that is to
say, using a traltic-speed travel-time metric as described in sections 5.7 and 9.1.

Preferably the intclligent grouping module in this invention will be employed in
such a way that when a transit vehicle, for whatever reason, gets significantly
displaced from its optimal transit route, or suffers a significant delay along this
optimal transit route, the intelligent grouping module will be triggered to re-
optimise the intelligent grouping and devise a new optimal transit route for that
transit vehicle (see section 9.1).

Preferably the intelligent grouping module will incorporate all the fcatures
described in section 9.1

Preferably this invention will operate with a transit vehicle density of at least 10

vehicles per square mile in a large city. Such scales of operation vastly improve the
elliciency of this invention (see section 5.8) which is important to all the objectives
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of this invention stated in section 5.1.

Preferably this invention will be designed to take advantage of the transportation
elficiencies that arise at large scales of operation (scales such as 10 or more transit
vehicles per square mile). Three important transportation efficiencies materialise at
a large scale of operation which enable this invention to function in a manner that is

not possible at smaller scales (see section 5.8).

Preferably this invention will be designed to provide transportation coverage across
a whole city. City-wide implementation is important for reducing city traffic
congestion and air pollution.

Preferably this invention will be designed to provide transportation coverage to a
whole state or nation - widescale implementation is important to the environmental
objectives of this invention in reducing air pollution and greenhouse gas emissions.

Preferably this invention will pre-emptively marshal its transit vehicle {leet in order
to geographically position the (leet in readiness to handle the expected traveller
numbers arising from the morning and evening rush hours, from large-scale public
events, and similar situations where it is known in advance that there will be high
concentrations of new travellers requiring transportation (see section 7.9).

Preferably this invention will operate a system of automatic computer-calculated
fare metering and charging for travellers using its transit vehicles: this will speed up
journeys and will make travel more streamlined and convenient (see scction 9.5).

Preferably in its ordinary handling of traveller journey requests and in the control
and orchestration of'its transit vehicles, this invention will work automatically
without the need of human operators or assistance. When implemented in a large
city this invention might operate tens of thousands of transit vehicles and receive
thousands oi'journey requests each minute - far too many for human operators to
handle, unless a huge number of operators are employed, which would be costly.

Preferably this invention will operate using a central controlling computer system
as described in the preferred embodiment (see section 7), but will also have the
capacity to operate using a distributed controlling computer system as described in
the second embodiment (sec section 8), such that in the event of a [ailure of the
central controlling computer system, the distributed controlling computer system
will be able to take over, thus keeping the transit vehicle flect in operation.

Preferably thc controlling computer system will, on request, provide electronic
street navigation to its users (passengers and vehicle drivers) even when they are
not travelling by means of this invention.

Preferably the controlling computer system of this invention will incorporate
quantum computer hardware when quantum computer technology becomes
available: quantum computers are especially good at handling the non-polynomial
calculations that can arise during the process of intelligent grouping.
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5.7 - Quantitative Definition of Intelligent Grouping
The provisional definition of int'e”igent grouping provided in scction 5.2 was:

In adaptively-roulcd transport vehicles, a set of travellers are said to be intc]ligently
grouped when the itinerary ()l'an_y one traveller docs not force the transport vehicle
to significantly deviate from, and thus increase the journey times of. the itineraries
of the other travellers aboard the vehicle.

This however was a qualitative definition: no quantitative meaning was given to the
term 'significantly deviate'. In this scction we are going to remedy this: we deline a
parameter and mathematical function called the Compatibility Index which, given
any set of traveller itineraries, expresses the average increase in each traveller's
journcy time that results when these travellers are grouped t()gethcr and conveyed
(along one of the quickest routes) in an adaptively-routed transport vehicle; the said
increasc is 1n relation to the journcy time that would result if cach traveller were to
travel on his itinerary via the most direct route (such as would normally be taken in
a private car). The Compatibility Index thus measures the degree of compatibility of
a sct of traveller itineraries; it measures how well a given set of travellers can be
intelligently grouped into an adaptively-routed transport vehicle.

The lower the value of the Compatibility Index, the more compatible are the
itinerarics of the set of travellers. Perfect intelligent grouping has a Compatibility
Index of 1 and, for reasons that will shortly be explained, Compatibility Index
values in the range of 1 to 1.3 represent excellent intelligent grouping, with values
between 1.3 and 1.6 representing an acceptable level of intelligent grouping. A
Compatibility Index approaching 2 or higher represents an increasingly inefficient
and a generally unacceptable level of intelligent grouping.

We shall now focus on deriving the Compatibility Index.

For any st S ol traveller itinerarics, we shall define a Compatibility Index function
which takes S as its argument and returns a real number which is the Compatibility
Index value of the set S. We assume that each traveller iinerary in S is expressed as
a directed graph whose vertices encode the traveller's embarkation and destination
points (and any other points), and whose directed edges indicate the direction of
travel. We similarly assume that the itinerary of the adaptively-routed transport
vehicle can be expressed as a directed graph whose vertices are the embarkation
and destination points of the travellers on board (and any other points to which the
vehicle must navigate), and whose directed cdges indicate the direction of travel of
the vehicle.

We will make reference to figures 1, 2 and 3 in the accompanying drawings, n
which three example sets S of traveller itinerarics are given (figure 1 is a set of two
travellers, figure 2 is a set of three travellers and figure 3 is a set of seven travellers).
Note: in these ligures the travellers have simple two-point itinerarics, but our
analysis equally applies to more complex itincraries.

Zach figure abstmclly represents travellers making their way across a city in an
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adaptively-routed transport vehicle (for clarity, the streets of the city are omitted
from the figures). Each arrowed line represents a particular traveller and his
itincrary: the start of the line denotes the current location of the traveller (which
will be his embarkation point) and the arrowhead of the line marks the traveller's
desired destination. The dotted path R (beginning at point | and proceeding
sequentially to points 2, 3, 4, etc) shows the itinerary route of an adaptively-routed
transport vehicle transporting these travellers.

Figure 1 for example shows a set S of two travellers, whose itineraries are indicated
by the two arrowed lines, being conveyed along the vehicle itinerary R. Here the
adaptively-routed transport vehicle picks up the first traveller at point 1, drives
along to point 2 where the second traveller is picked up, proceeds to point 3 where
the second traveller is dropped of'f', and ﬁnally drives to p()im 4 where the first

traveller alights.

Notice for this vehicle itinerary R, both travellers get point-to-point transport, yet
neither traveller is much inconvenienced by the other's travel requirements - this is
the essence of intelligent grouping. The vehicle itinerary R which facilitates this
efficient concurrent transport ol travellers is called an optimal transit route.

We now provide a formal definition of what is meant by an optimal transit route.
For any given sct S of traveller itineraries (such as those in ﬂgures 1, 2 and 3), an
optimal transit route 1s defined as the quickest road route, or one of the quicker
road routes, by which an udaplivel_y-routed transport vehicle can travel so as to pick
up, convey, and drop ol each traveller in the set S in accordance with his itinerary.
As a data structure, an optimal transit route takes the form of a vehicle itinerary.
There will usually be more than one optimal transit route by which a given set of
travellers can be transporled.

In order to determine the optimal transit routes for a given set S of traveller
itineraries, we need to cmploy a travel-time metric. We define a travel-time metric
as a mathematical method that allows us to calculate the journey time a]ong any
given vehicle itincrary - that is, it allows us to estimate the time it will take for an
adaptively-routed transport vehicle to traverse this itinerary. For the moment we
shall use a direct-distance travel-time metric which assumes that the journey time
along any given vehicle itinerary is proportional to the distance as the crow flies
between the various points (such as traveller cmbarkation and disembarkation
points) on that route. Then by assuming a tixed vehicle speed along this vehicle
itinerary (such as the average traffic speed in a city), we have ourselves a simple
travel-time metric.

For example: in ligures 1, 2 and 3 the points on the vehicle itinerary R are labelled
1,2, 3,4, and so forth. To apply a direct-distance travel-time metric to estimate the
journcy time ellong route R, we must [irst measure the total lcnglh of R as the crow
flies, which is simply the length represented by the dotted path R, and then divided
by the fixed vehicle speed, in order to calculate the journcy time along route R.
Later we examine two more travel-time metrics which are more complcx but more
accurate (they measure distance along the road route, rather than as the crow flies).
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Once we have a travel-time metric, we can then calculate the optimal transit routes
for any given set S of traveller itineraries by using an exhaustive search method
(which is a standard method of graph theory). This exhaustive search finds optimal
transit routes by [irst cnumerating all the mathematically possible transit routes that
pass through the embarkation and destination points (points 1, 2, 3, 4,... in the
tigures) of the traveller itineraries in set S, excluding any transit routes that arrive
at a traveller's destination point belore they get to his embarkation point, and then
appl‘ying the travel-time metric to cach of these p()ssiblc transit routes to measure
the journey time for each transit route. By definition, the quickest or the quicker of
these possible transit routes, as measured by the travel-time metric, are the optimal
transit routes for the set S of traveller itineraries.

(As a useful rule-of-thumb, we can define the quicker transit routes as those that are
not more than a lactor of 1.6 slower than the very quickest route).

So for example, in figure 1, assuming the transport vehicle starts at point 1 initially,
there are six mathematically possible transit routes that pass through the travellers'
embarkation points and destination points, namely the transit routes: 1-2-3-4,
1-2-4-3, 1-3-2-4, 1-3-4-2, 1-4-2-3 and 1-4-3-2. Out of these six routes, the 3rd, the
4th and the 6th route arc excluded on the gr()unds that in these, the transit vehicle
will arrive at a traveller's destination point before 1t gets to his embarkation point.
This lcaves us three possible transit routes: the 1st, the 2nd and the 5th in the hist.
Applying our direct-distance travel-time metric (Just by visual inspection) to these
three routes, it becomes clear that the 1st and 2nd transit routes in this list are the
optimal transit routes, with the 1st being the very quickest route; and the 2nd just a
little bit longer; the 5th route is discounted due to its excessive length (visual
inspection clearly indicates that the 5th route 1s more than 1.6 the length of the
quickest Ist route).

Note: the exhaustive search method of finding optimal transit routes can consume
considerable computer processing time when the number of travellers in the set
increases. However, graph theory offers various standard heuristic techniques
which can be usefully employed to reduce this calculation time.

Although an optimal transit route always represents one of the quickest ways to
convey a sct of travellers according to their itineraries, the eflectiveness of an
optimal transit route will obviously depend on the actual itinerary compatibility of
the set of travellers in question: if we have a set S of traveller itineraries that are
totally incompatible, then the optimal transit route lor this set, although one of the
quickest routes, will be hideously lengthy and inefficient. Only when traveller
itineraries arc compatible does the optimal transit route become efficient in terms of
adaptively-routed transportation. This fact underpins how we are going to quantify
itinerary compatibility: our Compatibility Index measure is based on calculating an
optimal transit route for a set S of traveller itineraries, and then gauging this route's
transportation cfliciency. In order to do this, we would normally use the quickest
out of the calculated optimal transit routes for the set S of traveller itineraries;
however, as will be shortly explained, sometimes the quickest optimal transit route
can actually be very slow for just one particularly traveller, and if this is the case,
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onc of the other quicker optimal transit routes should be used instead.

Gauging an optimal transit route's transportation efficiency is achicved as follows.
Given the quickest (or a quicker) optimal transit route for a set S of traveller
itineraries, we employ our travel-time metric to calculate for each individual
traveller itinerary in the set S:

Firstly, the estimated journey time required to convey that particular traveller, in
accordance with his itinerary, from his embarkation to destination point, travelling
in the adaptively-routed transport vehicle along the given optimal transit route; we
call this the Transit Time {or that traveller itinerary.

Secondly, the estimated journey time required to convey that particular traveller, in
accordance with his itinerary, {from his embarkation to destination point, travelling
by the quickest, or one the quicker, routes (such as the traveller would n()rma”y
take in his own car); we call this time the Quickest Time {or the traveller itinerary.

For example: in figure 3 imagine that route R is our given optimal transit route, and
consider the traveller itinerary that begins at point 1 and ends at point 9. Using a
dircct-distance travel-time metric, the Quickest Time for this traveller is the length
represented by the straight line 1-9, divided by the fixed vehicle speed; and the
Transit Time 1s the length represented by the path 1-2-3-4-5-6-7-8-9 along route R,
divided by the fixed vchicle speed.

Once we have calculated the Transit Times and Quickest Times, then for each
traveller itinerary in the set S, we calculate the ratio:

Efficiency Ratio = Transit Time + Quickest Time

For any given traveller, an Efficiency Ratio of 1 indicates that his journey is the
most cfficient possible: that the optimal transit route between the traveller's
embarkation and destination points is as fast as (and probably identical to) the
quickest route between these points. An Efficiency Ratio of say 1.3 indicates this
optimal transit route journcy will take 1.3 times as long the quickest route between
the traveller's embarkation and destination points.

Having calculated the Efficiency Ratio value for each traveller itinerary in the sct S,
we add these values together, and divide the sum by the number of travellers in the
set, in order to arrive at the average Efficiency Ratio (note that if there are two or
more travellers in the set with identical itineraries, these itineraries are still counted
as distinct). This brings us to our definition of the Compatibility Index:

Compatibility Index of set S =
average Efficiency Ratio of the traveller itineraries in the set S

The Compatibility Index precisely measures intelligent grouping. A Compatibility
Index of I obviously indicates a perfect intelligent grouping in which each traveller
is conveyed by the quickest road route from his embarkation to destination point.
By contrast, a set of travellers having a Compatibility Index as high as 2 would be
conveyed fairly inefticiently, with the travellers' journeys taking twice as long, on
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average, as going b_y the quickest road route.

Note that the Compatibility Index of any set S of traveller itineraries only applies if
the travellers are transportcd in an adaptivcl_y-routcd transport vehicle via the

optimal transit route used to calculate that Compatibility Index. Note also that for a
set S of traveller itineraries with a measured Compatibility Index, there is always an

associated optimal transit route.

To provide an example of the Compatibility Index, we refer to figure 3 in which the
seven travellers' Efficiency Ratios work out to 1.56, 1.39, 1.44, 1.10, 1.33, 1.30 and
1.15 when the Transit Time and Quickest Time are measured with a centimetre
ruler (such measurement is a direct-distance travel-time metric). Taking the average
of these values gives these seven travellers a Compatibility Index of 1.32.

In taxibus transportation we would aim to intelligently group a set of travellers with
a Compatibility Index value somewhat lower than 2. The Department for Transport
statistics mentioned in section 4.1 show that, for the average door-to-door journey
under 25 miles, going by existing public transport takes twice as long as going by
car. Therefore to better existing public transport and to compete with the speed of
the car, the taxibus must operate with a Compatibility Index below 2. Aiming for a
Compatibility Index of 1.3 or less is a good objective: this means that the average
taxibus journcy will take at most 30% longer than the direct journcy by car, making
the taxibus a very fast form of public transport. A Compatibility Index of 1.6 or less
is an acceptable value: in this case the average taxibus door-to-door journey will
take at most 60% longer than going by car. Compatibility Index values greater than
2 are generally undesirable, as the taxibus would then be slower than existing public
transport for door-to-door journey under 25 miles. (Note however that in the long
run, with a comprechensive taxibus fleet in operation, traftic levels will fall, road
speeds will increase, and taxibus journeys will become quicker, in absolute terms).

Note: it is relatively easy to get a low Compatibility Index when grouping just two
or three travellers, but more difficult when the number of travellers increases. In the
case of car pooling, there will often be just two or three travellers (including the
driver). However for the taxibus we will be looking to achieve intelligent grouping
with higher numbers of travellers, typically with up to 6 or more traveliers in «
taxibus vehicle at the same time.

Note: as explained above, corresponding (o a given sct S of traveller itineraries,
there will gencrally be several optimal transit routes; lor transporting the travellers
we would normally employ the quickest optimal transit route in order to calculate
the Compatibility Index. However il one or more travellers have an unacceptably
high Efficiency Ratio (say more than 1.6 say) on the quickest route, these individual
travellers will suffer a long journey time, even though, overall, the optimal transit
route is the quickest one. In this casec we would normally use another optimal transit
route ol the set S, employing the quickest optimal transit route which does not cause
any particular traveller to suffer an excessively long journey.

It 1s important to point out that optimal transit routes can be calculated to different
degrees of accuracy, depending on what type of travel-time metric used. Thus far
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we have assumed a direct-distance travel-time metric as the basis for Ca]cularing
optimal transit routes. We now introduce two more metrics which are better: the
road-distance travel-time metric, and the traflic-speed travel-time metric.

Our original direct-distance travel-time metric is based on distances 'as the crow
flies’ between the (embarkation or destination) points on the vehicle itinerary. This
direct-distance travel-time metric generates an optimal transit route of reasonable
quality, even though in reality the vehicle must travel from point to point by road
and not 'as the crow flies'. For higher accuracy, we can use a road-distance travel-
time metric which, like the direct-distance travel-time metric, operates by assuming
an average vehicle speed, but calculates the distances between the points on the
vehicle itinerary in relation to road distances, not 'crow' distances. In practical
terms, such a calculation is best achicved with the aid of a digitised street layout
map that details the layout and length of the roads. Using such a map, and operating
on the assumption that the road routes shortest in lcngth represcnt the best opt'imal
transit routcs, a more accurate calculation of the optimal transit route is made (the
shortest road routes between two points on the digitised street layout map can be
found by employing a standard graph theory method such as Dijkstra's algorithm).

Finally we come to the traffic-speed travel-time metric. This also operates with
actual road distances, but rather than assuming an average speed for all roads, this
metric takes into account the particular speed at which a vehicle can travel along
cach individual section of road on this route. Apart from being the most accurate,
certain conligurations of the tralfic-speed travel-time metric have several other
important advantages; these advantages are discussed in section 9.1.

Note: for the highest accuracy, a travel-time metric should account for the transport
vehicle stop time at cach traveller embarkation and disembarkation point (the stop
time is defined as the duration between the moment a transport vehicle pulls over
and stops to let travellers board or alight, to the moment this vehicle is ready to get
going again; a fast stop time might be less than one minutce). When estimating the
journey time for a given vehicle itinerary, a travel-time metric should accrue the
stop time on each occasion the transport vehicle pulls over. Not only does this make
the travel-time metric more accurate, it also enables better intelligent grouping,
because then travellers with identical embarkation or disembarkation points arc
more likely to be placed in the same adaptively-routed transport vehicle in order to
minimisc the total stop time accrued.

Note: it is clear that optimal transit routes calculated using the 'as the crow flies'
direct-distance travel-time metric will comprise a vehicle itinerary whose data
structure compriscs a series of geographic points (traveller cmbarkation and
destination points) to which the adaptively-routed transport vehicle must navigate
in sequence. By contrast, optimal transit routes determined with the aid of a
digitised street layout map will create a vehicle itinerary whose data structure is
much more detailed - consisting of the entire route on a road-by-road basis. It thus
lollows that any intelligent grouping module utilising a road-distance travel-time
metric or traffic-speed travel-time metric will output detailed road-by-road optimal
transit routes, and theretore such an intelligent grouping module can be construed

Page 33 of 111



97 _

as doing the work of the clectronic street navigation module (whose function it is to
provide detailed navigation directions to the transit vehicle drivers). In other words,
the functionality ol these two modules is provided by one set of data-processing
instructions. (Note however that the electronic street navigation module used in the
cmbodiments of this invention is specified as having the capability to dynamically
adapt transport vehicle routing using real-time electronic positioning data, to allow
for small routing deviations such as navigation mistakes made by the driver; thus on
many journeys, the original road-by-road optimal transit route created b_y the
intelligent grouping module may not be followed exactly).

Note: the above description is a mathematical definition of intelligent grouping;
however it is clear that this definition can be used as a software specification for the
intelligent grouping module (and in the embodiments of this invention, we indeed
use this definition as a data-processing specification of the intelligent grouping
module). However the intelligcnt grouping module does not necessarily have to be
programmed along the lines of this delinition: the [undamental essential feature of
the intelligent grouping module is simply that it performs intelligent grouping - by
any equiva]cnt or near equivalcnt mathematical means. (Therc are also many
desirable features that the intelligent grouping module might have in addition to this
essential feature; some of these desirable features arc discussed in section 9.1).

Finally, let us provide some further definitions and notes on terminology usage:

In terms of the Compatibility Index, intelligent grouping is defined as the process
of selecting and matching traveller itineraries to create a set of travellers that has a
calculated Compatibility Index which is minimised, or has an acceptably low value.

When dealing with large numbers of traveller itineraries (as for example when this
invention covers a whole city), intelligent grouping may be defined as the process
of dividing the traveller itinerarics into small sets (each set to be allocated to an
available adaptively-routed transport vehicle) such that the calculated Compatibility
index values of these sets. when averaged, is minimised, or has an acceptably low
value.

The term intelligent grouping also covers any processes that are mathematically
equivalent or mathematically similar to the two processes above which maximise the
time-efficiency of concurrently conveying travellers according to their itineraries in
an adaptively-routed transport vehicle.

We say that a set of travellers are intelligently grouped into an adaptively-routed
transport vehicle when the calculated Compatibility Index of those travellers'
itineraries is minimised or is of an acceptably low value.

We say that a traveller is intelligently grouped into an adaptively-routed transport
vehicle when the overall calculated Compatibility Index of that traveller's itinerary,
plus the itineraries of the other travellers already aboard the vehicle (and usua”_y
plus the itineraries ol any travellers the vehicle is currently committed to picking
up), is minimised or is of an acceptably low value.
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5.8 - Efficiencies of Scale

In a large city such as London, assuming this invention is running a sizeable fleet of
say 10 thousand transit vehicles, the intelligent grouping module will have anything
up to 3 thousand new journey requests coming in from travellers every minute.
lHowever a great virtue of this invention is that it becomes more cfficient as the scale
ol its operation increases; that is to say, as the passenger flux (defined as the
number of travellers requesting transit per unit area per unit time) increases, and
the transit vehicle density (the number of vehicles per unit area) needed to handle
these travellers is Increased proportionatcl_y, the tr‘ansportation eﬂ‘lcicnqy of this
invention is not only maintained, but is further increased.

This greater efficiency arises simply because the more numerous the journey
requests, the greater the chance of having itineraries amongst these journcy requests
that are highly compatible. Conscquently the intelligent grouping module becomes
better able to inte”igently group travellers; that is to say, better able to group
travellers into transit vehicles at lower Compatibility Index values.

Two other efficiency of scale factors come into play when the number of transit
vehicles per unit area increases: the first factor is a quicker response time (sce
section 7.12) to traveller journey requests, due to the larger number of transit
vehicles in close proximity to the traveller; and the second factor is the greater ease
of scheduling split journeys (see section 9.2) across two or more transit vehicles,
again due to the larger number of transit vehicles available.

It is important, however, that the intelligent grouping module has an appropriate
data-processing design to take advantage of these threc elliciencies of scale, and that
the controlling computer system has sulticiently fast and powerful hardware to be
able to search through the larger numbers (thousands per minute in a large city) of
Journey requests (o be able to seek out highly compatible itinerary matches.

Etficiencies of scale are vital (o the success of this invention. The increased efficacy
of this invention at high passenger fluxes helps make it a viable mass transportation
system which can solve the problems of traffic congestion, air pollution, greenhouse
gas emissions, and so forth. Operation at a large scale (and reaping the elficiencics
that materialise at such scales by means of an suitably-designed intelligent grouping
module and a sufficiently powerful computer with which to run it) constitute a
preferable feature of this invention.
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6 - OVERVIEW OF THE EMBODIMENTS

6.1 - Introduction to the Drawings

Two ways of embodying this invention are described in chapters 7 and 8 (with
chapter 9 detailing some aspects that are common to both embodiments).

We now provide a brict overview of these two embodiments, with reference to the

accompanying drawings in which:

Figures 1, 2 and 3 illustrate the principle of intelligent grouping which is
fundamental to this invention (these figures were described in scction 5.7).

Figure 4 shows a schematic diagram of the basic features of the preferred

embodiment ol the invention.

Iigure 5 shows a schematic diagram of the basic features ol the sccond embodiment
of the invention.

Figure 6 shows a schematic diagram for the computer data-processing operation of
the preferred embodiment of the invention (figure 6 is described in section 7.1).

Figure 7 shows a schematic diagram for the computer dat:t-processing operation of
the sccond embodiment of the invention (figure 7 is described in section 8.1).

Figure 8 shows part of the sequence of user-interface events on the text display
screen of a communicator device when a passenger submits a journey request to the
contro”ing compuler system {or taxibus transport, and for car pool transport (nolc:
a passenger must choosc cither taxibus or car pool transport; the ﬁgure shows both
selections just for completeness). This figure applies to both embodiments.

6.2 - Schematic Overview of the Two Embodiments

Figure 4 shows the preferred embodiment of the invention in which a central
controlling computer system 15 has, by means of the data transmission system 16, a
two-way communications connection with the communicator devices 17 and 18 of
the prospective travellers 19, and a two-way communications connection with the
communicator devices 20 ol the transit vehicles 21 (in the figures, the communicator
device of a transit vehicle is shown as a small black box on the vehicle dashboard).
An clectronic positioning system 22 provides the controlling computer system with
data regarding the current geographic location of the transit vehicle communicator
devices 20 and (optionally) some passenger communicator devices 17.

Figure 5 shows the sccond embodiment of the invention in which the controlling
computer system (not shown cxplicitly) consists of a distributed series oficomputcr
processors which are incorporated into the communicator devices 20 of the transit
vehicles 21. The data transmission system 16 provides two-way communications
directly between the communicator devices of the prospective travellers 19 and the
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communicator devices of the transit vehicles 21. An electronic positioning system 22
supplies the said computer processors with data detailing the current geographic
location of the transit vehicle communicator devices 20 and (optionally) some

passenger communicator devices 17.

In both the prelérred and the second embodiment of the invention, the data
transmitted over the data transmission system 16 will consist of such information as
journey requests detailing the itinerary requirements of travellers, the controlling
computer system's responscs (o these journey requests sent back to travellers, and
other categories of information.

In the preferred ecmbodiment shown in figures 4 and 6, the data transmission system
16 transmits car pool intended itinerary specifications from car pool vehicles to the
central controlling computer system. The data transmission system 16 also transmits
street navigation instructions, created by the electronic street navigation module
that is run on the controlling computer system 15, to the communicator devices 20
in the transit vehicles 21; these instructions enable the drivers of these transit
vehicles to lollow the optimal transit routes devised by the intelligent grouping
module that is run on the central controlling computer system 15.

A useful variation of the preferred embodiment shown in figures 4 and 6 has the
electronic street navigation module relocated into computer processors incorporated
in the communicator devices 20 of the transit vehicles 21, with a separate electronic
street navigation module in ecach transit vehicle, but is otherwise the exactly same as
the system shown in figure 6. Electronic street navigation is a fairly sell-contained
task which can easily be performed locally in the transit vehicles 21. In such a
configuration, the appropriate transit vehicle itinerary, from the transit vehicle
current itineraries database on the central controlling computer system 15, is sent
over the data transmission system 16 to the said electronic street navigation module
in the transit vehicles 21. This electronic street navigation module takes this transit
vehicle itinerary as input (it also inputs transit vehicle current geographic location
data from the electronic positioning system 22), and from this data alone provides
street-by-street navigation instructions to the transit vehicle driver. This
configuration has three advantages: [irstly it eases the data-processing burden on
the central contro“ing computer system; secondly it can reduce the amount of data
travelling via the data transmission system 16, because a transit vehicle itinerary
contains less data than do real-time st reet-by-street navigation instructions; thirdly
it allows uninterrupted navigation even when the transit vehicle temporarily looses
contact with the central computer system (such as when driving through a tunnel).

In the second embodiment of the invention shown in figures 5 and 7, in which there

is no central computer system, all data-processing functions, including the electronic
street navigation module and the inte”igent grouping module, are performed on the

computer processors incorporated into (or connected to) the communicator devices

20 of the transit vehicles 21.

Both embodiments of this invention are capable of running the invention's two main
transport modes, namely the electronic navigation taxibus and car pooling.
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7 - PREFERRED EMBODIMENT OF THE INVENTION

A preferred embodiment of the invention is now described with reference to ligures
4, 6 and 8 in the accompanying drawings. In this embodiment, a single central
controlling computer system 15 orchestrates all transit vehicles 21 and travellers 19.
A data transmission system 16 comprising land lines, cellular telephone networks,
and Internet transmission is used to provide a two-way data exchange between this
centralised controlling computer system 15 and the communicator devices 17 and 20
(of the travellers 19 and transit vehicles 21 respectively).

The electronic positioning system 22 in this embodiment is a satellite positioning
system such as the American GPS (Global Positioning System), the broadcast
positioning signal of which is reccived by GPS receivers contained in the vehicle
communicator devices (and optionally in passenger communicator devices). These
GPS receivers transmit electronic positioning data to the controlling computer
system via the data transmission system. Note: this embodiment may instead operate
with one or more of the clectronic positioning systems described in section 9.22.

In this embodiment, the electronic street navigation module will function in a
manner similar to the existing in-car satellite navigation systems now commonplace
in cars: that is to say, this module will use the said electronic positioning data to
determine the current location of a transit vehicle, and by relating this current
location to a digitised street layout map, will provide the vehicle driver with real-
time navigation instructions based on this location to guide him street-by-street
along the vehicle's itincrary.

To describe this embodiment of the invention, we begin in section 7.1 by detailing
the soltware operation at a systems analysis level. Section 7.1 represents the data-
processing core of this embodiment, and in itsell, this scction sufhciently describes a
full working embodiment of this invention at the systems analysis level.

Subsequent sections of this embodiment describe the transportation operation of
this invention from the perspective of the passengers and transit vehicle drivers that
will utilise this transport system. These subsequent sections also detail certain
communicator device user interface functions; these user interface functions are
desirable eaturcs that help streamline the use of this invention but do not in
themselves form part of this invention's core transportation operations and essential
features. One example of a user interface [unction is the automatic passenger fare
calculation described in section 9.5 (and elsewhere); another example is the
allocation of a user name and password for registered users of this transportation
described in section 9.7 (and elsewhere). Such user interface functionality is a
standard part of software design, and rather than provide a description in terms of
data-processing operations, we instead detail it from the user perspective - but with
sufficient precision to allow any competent systems analyst to understand the data-
processing requirements of cach user interface function thus described.
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7.1 - Computer Data-Processing Operations

Figure 6 in the accompanying drawings schematically illustrates the data-processing
elements of the controlling computer system 15. The main elements are: the
intelligent grouping module, the journey requests database, the transit vehicle
current itineraries database, and the electronic street navigation module.

In higure 6 a prospective traveller 19 uses a communicator device 17 to formulate
and send his journey request to a central controlling computer system 15 via the
data transmission system 16 (travellers who are car pool vehicle drivers will use a
communicator device to submit their car pool intended itinerary specification to the
contro“ing compuler system in a manner to be described bclow).

The data in each such incoming journey request is stored as a journey request
record in the journey requests database. The format of the journcy request record
is such that it includes the six following data ficlds:

(1) The specification of the itinerary of the traveller 19 (note that this traveller
itinerary will include the current location or desired pick-up point for the traveller).

(2) The number of travellers to be conveyed on the said itinerary.

(3) The departure time (and date) at which the traveller requires conveyance in a
transit vehicle according to the said itinerary. By default the departure time is set to
the present moment for immediate travel unless a specific time (and date) is given.
(For regular order journey requests, this data field will specify the regular times and
dates at which conveyance is required).

(4) A specification of whether the traveller wants to prioritise transit vehicle speed
of response or transit vehicle speed of journey (see section 7.12). When speed of
response is the priority, we would aim to pick up the traveller within 3 minutes of
his specified departure time (and date); when speed of journey is the priority, then
we have a window of 15 minutes after the specified departure time (and date) in
which to pick up the traveller. We define the latest acceptable pick-up time of each
journcy request record as the latest possible time (and date) that a transit vehicle
can arrive to pick up the traveller. We can calculate the latest acceptable pick-up
time by adding cither 3 or 15 minutes to the departure time (depending on whether
the traveller has specified speed of response or speed ol journey respectively). The
aim is to pick up travellers in the time window between their specified departure
time, and the latest acceptable pick-up time 3 or 15 minutes later.

(5) A specilication of the type of transit vehicle requested by the traveller (either a
taxibus, a car pool vehicle, or an indication that either type 1s acceptable).

(6) The current status of the journey request. Current status is defined as lollows:
The current status of a journey request record will be one of five classes which are

labelled A, B, C, D and E. These five classes indicate the stage that the traveller is at
in the transportation process. The five current status classes are:
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(Class A) These are journey request records for travellers who have been allocated
a transit vehicle by the controlling computer system, and who arc currently being
transported in that transit vehicle.

(Class B) These are journey request records for travellers who have been allocated
a transit vehicle and who are currently waiting for their allocated transit vehicle to
collect them from their current location or pick-up point.

(Class C) These are journey request records for travellers who have NOT yet been
allocated a transit vehicle and whose latest acceptable pick-up time is within the
next three minutes (or has already passed). The Class C status is intended to flag
journey request records that require urgent attention, that is, journey request
records of travellers who must be found a transit vehicle quickly. The class C
category will include journcy requests that have just been submitted by travellers
who require immediate travel and who have prioritised transit vehicle speed of
response (meaning that the traveller should be picked up within 3 minutes).

(Class D) These are journey request records for travellers who have NOT yet been
allocated a transit vehicle and whose departure time (and date) is within the next
20 minutes, but whose latest acceptable pick-up time is still more than 3 minutes
away. The Class D status is intended to {lag journey request records for which the
traveller must be found a transit vehicle, but for which there is no pressing urgency
as yet. Class D journey request records will include pre-order and regular order
Journey requests (sce section 7.8) whose specified departure time (and date) falls
within the next 20 minutes. Class D journey request records will also include newly
submitted journey requests from travellers who require immediate travel, but who
have prioritised transit vehicle speed of journey rather than transit vehicle speed of
response (prioritising speed of journey implies the traveller is prepared to wait up to
15 minutes after his specified departure time for a transit vehicle to pick him up).

(Class ) Thesc are journey request records for travellers who have NOT been
allocated a transit vehicle and whose departure time (and date) is more than 20
minutes in the future. Class E journey request records will include pre-order and
regular order journey requests which are to be exccuted in the future.

In the Conlro“ing computer system, the journey requests database 1s regulzu‘ly
maintained every few seconds by data-processing instructions that update the
current status data field (6) to ensure that, with respect to the current time (the
present moment), this data ficld contains the correct value. These data-processing
instructions will search for any journey request records that have a current status of
class E and a departure time (and date) within 20 minutes of the current time: any
such records found will have their current status updated to class D. These data-
processing instructions will also search for any journcy request records that have a
current status of class ID and a latest acceptable pick-up time within the next three
minutes (or a latest acceptable pick-up time that has alrcady pu,ssed): any such
records found will have their current status updated to class C.

A traveller's journey request record remains in the Jjourney request database until
that traveller has been transported according to the itinerary specified in the
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journey request. Once travellers have been conveyed to their destination, their
Journcy request records are deleted from the journey requests database (and may be
archived elsewhere for reference). However regular order journey requests are not
deleted from the journey requests database after travellers have been conveyed to
their destination since such journey requests are regularly cxecuted at specified
dates and times; regular orders are only deleted from the journcy requests database

whcn C:’inCC“C(] b‘V t]’lt‘ user.

in addition to the iourney requests database, the controlling computer system also
maintains a transit vehicle current itineraries database. The transit vehicle current
itineraries database contains a data record, which we shall call the transit vehicle
record, for cach currently operational transit vehicle. By a currently operational
transit vehicle we mecan a vehicle that is currently conveying travellers, or a vehicle
that is currenlly empty but is ready to convey travellers.

The format of the transit vehicle record includes the f‘o“()wing seven data {iclds:

(1) The current geographic position of the transit vchicle (this data is obtained from
the clectronic positioning system).

(2) The current vehicle itinerary of the transit vehicle (this is usually an optimal
transit route that was earlicr created by the intelligent grouping module).

(3) The passenger capacity of the transit vehicle (excluding the driver); that is, the
total number of designated passenger places (scated or standing) in the vehicle.

(4) The number of passengers currently being conveyed in the transit vehicle (this
data field is normally set to zero when a new transit vehicle record is created).

(6) The type of transit vchicle (usually either car pool or taxibus).

(6) The unique vehicle identification number of the transit vehicle. This number is
painted on the outside of the transit vehicle so that travellers can unambiguously
identity their vehicle - see section 7.7. For car pool vehicles this data field instead
contains the vehicle license plate number, vchicle make, model and colour.

(7) The itinerary commitments of the transit vehicle. This field contains relational
database links pointing to the journcy request records of all travellers cur'rently
being conveyed in that transit vehicle (class A journey request records), and any
travellers that the transit vehicle is currently committed to picking up (class B
journey request records). The relational database links in this ficld make it possible
to obtain the journey request records of the travellers that constitute the current
itincrary commitments of the transit vehicle.

The transit vehicle current itineraries database is regularly maintained by data-
processing instructions which ensure the current geographic position data ficld (1)
for each transit vehicle record is kept updated with the latest geographic position

data for that transit vehicle, received from the electronic positioning system.

In these transit vehicle records, most current vehicle itinerary data fields (2) will
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contain optimal transit routes created carlier by the intelligent grouping module.
However some records in the transit vehicle current itineraries database will have a
null itinerary. A null itinerary represents a transit vehicle that is currently empty
(no travellers on board) and with no route to follow, but which is available for use.

When a driver of a car pool vehicle wants to make himself available for car p()oling,
he will use the communicator device in his vehicle to submit his car pool intended
itinerary specification, via the data transmission system 16, to the controlling
computer system 15, and these details are stored in the transit vehicle current
ttineraries database, in the same transit vehicle record format described above, the
only dilference being that the car pool driver's specified itinerary is also entered in
the journcy request database as a journey request record, with a relational link set
up from this transit vehicle record to this journey request record. (A journey request
record is created for the car pool driver because he is also a traveller, and his
personal itinerary forms part of the itinerary commitments of his vehicle).

In this way, the transit vehicle current itineraries database will contain a record for
cach available taxibus and car pool transit vehicle, and each such transit vehicle
record will have relational database type links in data lield (7) pointing to the
journey request records in the journcy request database that form the itincrary
commitments of the transit vehicle,

Transit vehicles that are not currently available for transporting travellers are not
logged in the transit transit vehicle current itineraries database. Only when a transit
vehicle becomes available doces it get a corresponding transit vehicle record entered
in this database (initially, new transit vehicle records for taxibuses will have a null
itinerary in the current vehicle itinerary data field (2); new transit vehicle records
for car pool vehicles will have the current vehicle itinerary set to that in the car pool
intended itinerary specification - that is, to the personal itinerary of the driver).

Having described how data in the transit vehicle current itineraries database and
the journcy requests database is maintained in order keep tabs on the transit
vehicles and the travellers, we now proceed to describe how the intelligent grouping
module operates and how it utilises these two databases.

The intelligent grouping module constantly scans the journey requests databasc for
journey request records whose current status is either class C or class D. As a
matter of priority, the intelligent grouping module will deal with class C journey
request records first. Class C journcy request records relate to travellers whose
latest acceptable pick-up time is less than 3 minutes in the future, and who have not
yet been allocated a transit vehicle by the intelligent grouping module, and must
therefore be found a transit vehicle with the utmost urgency.

Whenever it finds a journey request record of class C, the intelligent grouping
module copies the data from this journey request record with the objective of
intelligently grouping the traveller or travellers 19 to which the record relates into a
transit vehicle or vehicles. In order to achieve this objective, the intelligent grouping
module searches the transit vehicle current itineraries database for transit vehicle
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records that satisfy the following three search criteria:

(1) The current geographic position of the transit vehicle is within the vicinity of the
traveller's current location or embarkation pick-up point as specified in the journcy
request record. This vicinity is defined as a 3 minute driving distance radius around
the traveller's current location. The 3 minute driving distance may be converted to
miles or kilometres using the direct-distance travel-time metric. If no transit vehicles
arc currently tound within this radius, the radius is repeatedly extended in size, up
to a 20 minute radius (though clearly any transit vchicles found therein will not be
able to get to the traveller's pick-up point before the latest acccptable pick-up t‘imc).

(2) The transit vehicle has a suflicient quantity of available passenger places for the
number of travellers specified in this journey request; the number of available
passenger places is found by subtracting the value in data field (4) from the value in
data licld (3). When no single vehicle can be found with sufficient passenger places
for the quantity of travellers specified in the journey request, then it is necessary to
find two or more transit vehicles to accommodate these travellers.

(3) The transit vehicle is of the type specified in this journey request (taxibus, car
pool vehicle, or either).

If no transit vehicles are currently available that satisfy these three search criteria,
the intelligent grouping module will wait a few minutes, and then scarch again,
repeating until a suitable transit vehicle is found. (Other options open to handle this
situation are: (o make more transit vehicles available by taking currently idle transit
vehicles out of their depots and onto the roads for use; or prompting the traveller
try alternative forms of travel: if he requested a taxibus, then suggest car pooling).

Once one or more transit vehicle records satisfying these three search criteria are
tound (we would normally expect to find quite a few such records), the intelligent
grouping module reads the current itincrary commitments of each such transit
vehicle record (these are the traveller itineraries in the class A and B journey
request records relationally linked to each transit vehicle record). Then for each
transit vehicle, the intelligent grouping module must calculate the Compatibility
Index for the set S of traveller itineraries comprising the current itinerary

commitments of the transit vehicle plus the itinerary of the traveller or travellers 19.

This Compatibility Index calculation is performed using the exhaustive search
procedure described in scction 5.7 and this is done in the following steps:

For each of the transit vehicles satis{ying the above three search criteria:

(Step 1) The set of itinerary commitments of the transit vehicle is combined with the
desired itinerary of the traveller 19, and this combined S set of itinerarics is
examined in order to determine all the mathematically possible transit routes that
can convey the travellers whose itineraries are in set S (these are the routes passing
through the travellers' embarkation and disembarkation points, excluding routes
that get to a traveller's destination point before they get to his embarkation point).
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(Step 2) A travel-time metric (such as a simple direct-distance travel-time metric) 1s
then employed in order to find the quickest and the quicker transit routes out of all
these mathematically possible transit routes in set 8. These quickest and quicker
routes are of course the optimal transit routes for the set S of traveller itincraries
(for the rule-of-thumb definition of 'quickest' and 'quicker' sce section 5.7).

(Step 3) For each optimal transit route in turn, we calculate the Efficiency Ratios
[or all traveller itineraries in set S (if we are using the direct-distance travel-time
metric, the Elficiency Ratio for any traveller itinerary is simply the distance along
the optimal transit route [rom the traveller's embarkation point to destination point,
divided by the direct distance between these two points).

(Step 4) We then select the quickest and quicker optimal transit routes in which no
traveller itinerary has an Efficiency Ratio greater than 1.6 (or failing that, out of the
quickest and quicker optimal transit routes available, sclect those which have the
smallest values for the maximum Efficiency Ratio).

(Step 5) If the transit vehicle is currently committed to picking up travellers (such
iravellers will have class B journey request records), we really nced ensure that each
of these travellers can still be collected within the time window between their
departure time and their latest acceptable pick-up time (the size of this time window
being 3 or 15 minutes, depending on whether the traveller prioritised speed of
response or speed of journey in his original journey request). For cach optimal
transit route, we can use the direct-distance travel-time metric to estimate the time
the transit vehicle will arrive at these travellers' pick-up points. We would exclude
optimal transit routes in which these travellers can no longer be picked up within
their time windows.

(Step 6) Out of the optimal transit routes which satisfy the above steps (4) and (5),
we calculate the Compatibility Index for each of these routes (by taking the average
of cach optimal transit route's Efficiency Ratios) and we linally select the optimal
transit route whose Compatibility Index value is the lowest.

We repeat these six steps to calculate the Compatibility Index for each transit
vehicle that satisfied our three search criteria.

Once we have a Compatibility Index value (and an optimal transit route) for cach of
these transit vehicles, we can choose the most appropriate vehicle or vehicles to
convey the traveller or travellers 19. We would normally select the vechicle with the
lowest Compatibility Index. Il the lowest value corresponds to more than one transit
vehicle, the vehicle positioned nearest to the traveller pick-up point is selected.

Note: in the case of journey requests for taxibus travel, the intelligent grouping
module will select just one suitable transit vehicle; but in the case of journey
requests for car pool travel, the intelligent grouping module will normally select one
or more suitable transit vehicles to offer the pr()spectivc passcnger.

When the intelligent grouping module has sclected a suitable transit vehicle into
which the traveller 19 can be intelligently grouped according to his journey request,
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details of this transit vehicle are sent to the traveller's communicator device 17.
These details include the estimated time for this transit vehicle to arrive at the
traveller's pick-up point, and the estimated journey time in the vehicle to the
traveller's destination (these details are calculated simply by applying the travel-
time metric to the new optimal transit route). Should the traveller choose this transit
vehicle offered, the traveller's communicator device will inform the controlling
computer system of this choice. (In the case of pre-order and regular order
journcys, however, details of these vehicle options are not sent to the traveller's
communicator device: a suitable transit vehicle 1s automatically chosen to pick up
and convey the traveller).

Once a transit vehicle is choscn, the intelligent grouping module will update its
transit vehicle record in the transit vehicle current itineraries database so that the
current vehicle itinerary data field (2) contains the new optimal transit route. The
journey request record of the traveller 19 will have its current status updated to
class B, indicating that the traveller has been allocated a transit vehicle and is now
waiting for that vehicle to pick him up. A relational database pointer to this journey
request record is added to the itinerary commitments data field (7) of the said
transit vchicle record. (When the traveller 19 is picked up by the transit vehicle, this
journey request record will have its current status up(]atcd to class A).

Once the transit vehicle record is thus updated with the new optimal transit route,
the details of this revised route get passed on to the clectronic strect navigation
module, whose function it is to send, via the data transmission system, navigational
instructions to the communicator device in the said transit vehicle to guide the
vehicle driver along this optimal transit route. From this point onwards, the
clectronic street navigation module alone takes care of the operation of guiding the
transit vehicle along the optimal transit route. The electronic street navigation
module provides real-time navigation instructions, based on the transit vehicle's
current position, to guide the transit vehicle driver along the optimal transit route.

When the traveller 19 is delivered to his destination, his journey request record is
deleted from the journcy request database (unless it is a regular order record), and
the pointer to this record in the itinerary commitments data field (7) is also deleted.

When all the journey request records with a current status of class C have been
dealt with by the intelligent grouping module, this module can dedicate some time to
dealing with class D journey request records - thesc are lor travellers who must be
picked up and conveyed within the next 20 minutes. Class D journey request
records encompass pre-order and regular order travellers whose specilied departure
time 1s within the next 20 minutes; and also travellers whose specitied departure
time 1s immediate, but who have prioritised transit vehicle speed of journey:.

For these class I journcy request records, the intelligent grouping module scarches
the transit vehicle current itinerarics database for transit vehicle records that satisly

the following three scarch criteria:

(1) Transit vehicles that will be in the vicinity (3 minutes driving distance) of the
traveller's pick-up point at time which falls in between his departure time, and the
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latest acceptable pick-up time, all of which are specified in the journcy request.

(2) Transit vehicles that have sufficient available seats for the number of travellers

specified in this journey request.

(3) Transit vehicles that arc of the type or types specified in this journey request
(the type will usually be a taxibus, a car pool vehicle, or cither).

Search criteria (2) and (3) are the same as the search criteria described above for
class C journey request records. However search criterion (1) is different: it
requires that we determine the geographic position of a transit vchicle up to 20
minutes into the future. This is achieved using our travel-time metric to estimate the
future position of the transit vehicle along its current transit route, which is a
straightforward calculation.

Once one or more transit vehicles that satisfy these three search criteria arc found,
the intelligent grouping module then proceeds exactly as described in the class C
case: that is (o say, for each transit vehicle, we calculate the Compatibility Index for
the set 8 consisting of the vehicle's current itinerary commitments plus the specified
itinerary of the traveller 19. We do this with the objective of placing the traveller in
the transit vehicle which has the lowest Compatibility Index.

The only difference in this class D case is that, given we have up to 20 minutes to
place the traveller, we can alford to be more exacting regarding finding him a transit
vehicle with a low Compatibility Index. This means that out of the transit vehicles
that currently satisly the three scarch criteria, if a vehicle with a low Compeatibility
Index is not available, we can wait 5 minutes, and then search the transit vehicle
current itineraries database again, in the hope of getting a low value. We might aim
to find a transit vehicle with a Compatibility Index valuc of 1.3 or less, and reject
transit vehicles whose Compatibility Index is higher. When the current time reaches
a point within 3 minutes (rom the latest acceptable pick-up time of the traveller, if
that traveller has not been found a transit vehicle, the class D journcy request
record is automatically Chemg‘ed to a class Cjour'ncy request record and processed
accordingly (that is, more urgently, and with less emphasis and concern about
linding a good Compatibility Index value).

By dealing with class C and class D journey requests separately like this, the former
can be handled with the necessary urgency that thcy require, whereas the latter are
handled 'at leisure', and as a consequence, the traveller itineraries of class D journey

requests will often be intelligently grouped with a better Compatibility Index valuc.
Having described the data-processing core of this invention, we now proceed to

describe the operation of this invention from the perspective of the passengers and
transit vehicle drivers that will use it.
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7.2 - The Communicator Device

Passengers and transit vehicle drivers will use a communicator device to interact
with the controlling computer system. This embodiment of the invention uses seven
practicable types of communicator device, and these are described and listed below.
Note that communicator devices 1 to 4 in the list are portable or mobile units,
whereas communicator devices 5 to 7 are {ixed-location units. Some communicator
devices in the list are specifically designed to be operated by passengers, others are
specifically designed to be operated by drivers. Communicator devices 1 and 2 in
the list are designed to be used by both passengers and drivers: these devices will
include functionality that allows switching between passenger mode and driver
mode of operation (this is uselul because the owner of the communicator device
may at one time be a car pool driver, but later travel as a passcnger himself'in a

taxibus or car pool vehicle).

(1) Lor wse by drivers and travellers: cellular telephones make excellent communicator
devices, since many of the latest models allow two-way transmission of text and
graphical information, and the soon-to-be-launched 3G (third-generation) cellular
telephones are particularly adept at text and graphical information transmission.
When used in driver mode, drivers will need to mount their cellular telephone on
the dashboard for casy viewing of information whilst on the move.

(2) For use by drivers and travellers: a wireless PDA (Personal Digital Assistant), the
ubiquitous electronic agenda and mini computer, can transmit data over a cellular
network. When used in driver mode, drivers will need to mount their wircless PDA
on the dashboard for casy viewing of information whilst on the move.

(3) For use by drivers only: a dashboard communicator device is one specifically
designed for use with this invention. It comprises a display screen and keyboard,
and is intended to be permanentlly fitted on the dashboard of the transit vchicle,
such that the driver can easily see its display screen and enter information on its
keyboard. Dashboard communicator devices will be standard equipment in
taxibuses, and are desirable in any car pool vehicle regularly participating in car
pooling.

(4) Lor wse by passengers only: an on-board kiosk communicator device unit is a
communicator device that is located within a taxibus vehicle where it can be used by
passengers. These kiosks comprisc a display screen and keyboard (or a virtual
touch-screen keyboard, which is more robust), and will be used by passengers for
such purposes as cancelling or changing their journey request (see section 9.14) or
used by passengers that board a taxibus by manual hailing to specify their journey
request (see section 9.4).

(5) Lor wse by travellers only: a roadside kiosk communicator device unit will
comprise a display screen and keyboard (or a more robust virtual touch-screen
keyboard), and these kiosks will be incorporated into bus stops or similar roadside
structures. Kiosk communicator devices may be located both on high streets and on
quieter residential streets.
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(6) For use by travellers only: a web browser communicator device allows a personal
computer with Internet access to act as a communicator device.

(7) For use by travellers only: regular land line or cellular telephones will offer audio
communication with the controlling computer system by means of a voice
recognition or touch-tone telephone interaction with the controlling computer
system in a style similar to automated telephone banking. This is not the easiest way
of interacting with the controlling computer system, but this method has the
advantage of operating with any telephone. For people without a touch-tone phone,
or {or tcchnoph()bcs, human operator assistance could also be provided.

We usc the term vehicle communicator device to denote communicator devices of
type 1 or 2 used in driver mode, and communicator devices of type 3. We use the
term passenger communicator device to denote a communicator devices of type 1
or 2 used in passenger mode, and to denote communicator devices ol types 4 to 7.

The most popular communicator device is likely to be the cellular phone: it is
anticipated that most users will use these to correspond with the controlling
computer system. This is not just because cellular phones are small, portable and
ubiquitous, and can send and receive text and graphics (and will have an enhanced
abilily to do so once the new 3G cellular networks are operational), but is also
because in a few years, most cellular phones will have electronic positioning
functionality built-in as standard. This is due to the American 911 mandate which
requires that electronic positioning is fitted to all new cellular telephones to help
emergency services locate a caller. The European Union is planning an equivalent
law, the E112 mandate. In the meantime, there are cellular telephone replacement
battery packs containing a satellite electronic positioning unit to upgrade existing
phoncs. Thus the ordinary cellular telephone, that tiny gadget n everyone's pocket,
becomes the perfect miniature communicator device for use with this invention.

7.3 - The Journey Request and the Car Pool Intended Itinerary Specification

To illustrate how passengers and vehicle drivers will use their communicator
devices to interact with the controlling computer system, we start with car pooling,
perhaps the simplest configuration of this invention, descr‘ibing the sequence of
events that takes place in acar p()ol trip from the perspective of passengers and car
drivers. Once the operation of car pooling is understood, we shall, in section 7.7,
proceed to explain the operation of the clectronic navigation taxibus.

In order to allow different drivers to use the same vehicle for car pooling, a user
name and password arc allocated to every registered user (sec section 9.7) of this
transportation invention. The user name and password are first keyed into the
vehicle communicator device to establish the identity of the driver.

At the journey start, a driver thus identified who wants to engage in car pooling

must inform the controlling computer system of his intended itinerary (this is the
first part of the car pool intended itinerary specification). The user interface of the
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vehicle communicator device would be designed so as to let the driver casily specily
the destination address (or addresses) on his itinerary simply by selecting this
address from a list of personal travel locations: each registered user would
maintain his own list of personal travel locations; this list is analogous to the list of
personal telephone numbers that people save on regular cellular phones, except that
personal travel locations are addresses rather than phone numbers, and personal
travel locations are stored on the contro“ing computer svstem rather than on tne
user's communicator device. Most users will save the address locations of their
home, office, [riends houses, the sports centre, the local shopping centre and so
forth in their personal travel locations.

When a driver's intended destination address is not in his list of personal travel
locations, he must inform the contmlling computer system of the exact address of
the intended destination. This is most easily achicved by entering the house number/
postcode combination of the destination address into the vehicle communicator
device, from which the controlling computer system will determine the full address,
returning the address details to the driver for validation. Should the driver only
have partial knowledge of his intended destination, options are available to perform
an address scarch, to examine an on-screen street atlas, or to speak to an operator
assistant. Once an address is fully determined and validated, it may be saved as a
personal travel location, for ease of selection next time.

Having declared his destination address (or addresses), the driver must next tell the
contro“ing computer system how many passenger seats arc available in his vehicle
(in an ordinary saloon car this would usually be 3 or 4 seats, unless some seats are
alrcady taken by the driver's own passengers). The controlling computer system
always knows the car p()ol vchicle's current location through data obtained from the
clectronic positioning system. Once the controlling computer system has been
informed of the car pool vehicle's current location, its intended destination address
(or addresses), and the number of passenger seats in the vehicle (these data items
constitute the complete car pool intended itinerary specification), then the driver's
vehicle is logged as available for car pooling, and the the driver may now begin his
journcy. (As described in section 7.1, a vehicle is logged as for car pooling simply by
creating a new transit vehicle record in the transit vehicle current itineraries
database in the controlling computer system; this transit vehicle record details the
car pool vehicle's real-time current location, the vehicle's intended itinerary, and the
number of available passenger seats in the vehicle; the car pool driver's itinerary is
also included in a new journey request record in the journey request database).

Let us turn our attention to the prospective passenger.

Most prospective passengers will typically carry a passenger communicator device
in the form of their cellular telephone or wireless PDA; however any communicator
device can be used by a passenger. The prospective passenger first enters his user
name and password into the communicator device in order to identify himself to the
controlling computer system; he then specilies his intended destination address (we
assume here that the passenger has just one destination). Just like car pool drivers,
passengers will have their personal travel locations detailed on the communicator
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device that they are currently using, and simply need to sclect the appropriatc
destination from this set. When travelling to a destination address which is not onc
of these personal travel locations, the passenger must specify the exact address, just
as the car pool driver does, as described above.

For passengers using communicator devices that have built-in electronic positioning
tunctionality, the controlling computer system can automatically determine their
current location address. However passengers using communicator devices that do
not have built-in clectronic positioning functionality must manually specify their
current location address. Typically this address might be one of their personal travel
locations, which makes things easy; otherwise they will have to specify the exact
address (if the passenger is waiting in the street, they will need to supply the
address of the nearest house or building). For fixed-location communicator devices
such as roadside kiosks, however, the location address of the communicator device
will be known to the controlling computer system and will not need to be supplied
by the prospective passenger.

Having declared his desired itinerary, the passenger will specify how many people
are travelling on this itinerary (if there is more than one), and whether he wishes to
prioritise transit vehicle speed of response or speed of journey (see section 7.12).
Once the controlling computer system has received this information, a new journey
request record in the journey request database is created, as described in section
7.1. Assuming this journey request is for immediate travel, the intelligent grouping
module will begin searching the transit vehicle current itineraries database for a
suitable car pool vehicle, secking one that is close to the passenger (a lew minutes
drive away), and with itinerary commitments that can easily accommodate the
passenger's desired destination (that is to say, with itinerary commitments that are
compatible with the passenger's itinerary).

As soon as a suitable car pool vehicle is found, the controlling computer system
provides details to the passenger: the vehicle's distance [rom the passenger (in
minutes), an estimate {or the total car pool journey time (in minutes), and the cost of
this car pool journey. Should the controlling computer system find more than onc
suitable car pool option, a list of the suitable vehicles will be detailed on the
passenger's communicator device. The passenger then simply selects any vchicle
from the list in order to procced with the car pool trip. Figure 8 in the
accompanying drawings illustrates how the user interface on the display screen of
the passenger communicator device handles this selection process.

7.4 - Responding to the Car Pool Journey Request

As soon as the passenger selects a car pool vehicle from the list, the controlling
computer system will send a message to that vehicle's communicator device,
requesting the driver to convey this passenger. The driver can accept this journey
request by pressing the appropriate key or button on his communicator device. If he
does not respond to the request within a short time, the controlling computer system
assumes that the driver has declined the request, and the passenger will be so
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informed via his communicator device. The passenger may then try another car on
the list. (Note: prelerably this embodiment will be such that any additional suitable
car pool vehicles newly arriving in the passenger's locality will automatically appear
on the list detailed on his communicator device). As described in section 7.1, once
the passenger finds a car pool driver who accepts his journey request, the intelligent
grouping module will devise an optimal transit route which allows the car pool
driver to pick up, convey and deliver this passenger, the transit vehicle record in
the transit vehicle current itineraries database is then updated with this optimal
transit route, and the current status of the passenger's journey request record is
updated to class B. The strect navigation module in the controlling computer system
then proceeds to direct the vehicle driver along this route by means of real-time
electronic streel navigation instructions exhibited on his communicator device.
These navigation instructions will be similar to those given by exisling in-car
satellite navigation systems: "take the next left", "take the third exit on the
roundabout”, and so forth. By using the clectronic strect navigation module and the
electronic positioning system the controlling computer system can guide the vchicle
driver to the waiting prospective passenger with pinpoint precision.

A real-time countdown to the estimated car pool vehicle arrival time is provided on
the passenger's communicator device, informing the passenger ol the estimated
number of minutes to the car's arrival at the passenger pick-up point. This is useful
in conditions of bad weather, where the passenger can remain under shelter or
indoors, coming out into the strect just before the car arrives.

As the car pool driver nears the passenger's pick-up point, his vehicle communicator
device will give precise guidance to home in to the exact position of the passenger.
The navigation instructions indicate "200 metres... 100m... 50m... 25m" and so forth
until arrival at the passenger's location. At arrival, the driver is given identification
details of his passenger: an indication of child or adult and an indication of male or
female. Similarly, the waiting passenger communicator device gives identification
details of the car pool vehicle: registration number, colour and model - making it
casier for the passenger spot the car. The controlling computer system also gives
both driver and passenger each other's user names. Should the passenger and driver
not immediately spot cach other, some form of identification etiquette (such as
switching on the vehicle's hazard warning lights) might be necessary. If the
passenger uses his cellular telephone as a communicator device, then it would be
possible for the car pool driver to telephone the passenger in cases when the driver
and passenger are unable to spot each other. l’)assengers that use a roadside kiosk
communicator device to make their journey request are more easily spotted since
the kiosk structure will be clearly visible from the road.

Once the passenger is spotted and enters the car pool vehicle, the journcy can
commence. A quick check on the passenger's user name ensures the car pool driver
has picked up the correct person. A more sophisticated passenger user name check
would have the passenger's and vehicle's communicator devices exchange data over
a short-range wircless data link in order to establish that the correct person has
been picked up, or would use a smart-card system as described in section 9.5, Once
pick up is confirmed, the current status of the passenger's journey request record in
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the journey request databasc is updated to class A, as described in section 7.1.

Electronic street navigation instructions are now sent to the vehicle communicator
device to guide the driver to the passenger's destination. Once the passenger has
been delivered, the controlling computer system will supply street navigation
directions to guide the driver onwards to his own destination, should these be

required.

Quite often, the car pool driver will not need the street navigation instructions:
remember that the controlling computer system only groups passengers whose
itineraries arc very similar to the driver's, so the passenger's destination may well be
familiar to the driver. Furthermore, as anyone who has used satellite electronic
street navigation in their car knows, the driver can at any time insert his own
navigation ideas or short-cuts into the routing, and afterwards, the satellite
navigation system will continue guiding the driver from wherever he has got to; this
is wonderful because it means the driver does not have to follow the navigation
instructions verbatim, and may weave in his own routing preferences when he feels
like it (even if only to take the scenic route). A great advantage of using electronic
street navigation is that anyone can become car pool driver, even people with little

or no knowledge of the roads.

7.5 - Alternative Vehicle Selection Logistics

In the scheme described in section 7.4, when a passenger makes a journey request,
the controlling computer system provides a list of suitable car pool vehicles, which
arc detailed on the passenger communicator device, leaving it to the passenger to
select a vehicle out of the options on the list. The reason for giving the prospective
passenger more than one choice of several suitable car pool vehicles (when they are
available) is because even when a particular car pool vehicle is selected, the driver
of that vehicle may decline the jour‘ne_y requcst, and the passcnger can then
immediately select another car pool vehicle in the list.

[owever, an alternative logistic is this: when a passenger makes a journey request,
the controlling computer system sends this request to all car pool vehicles that have
itinerary commitments that are compatible to the itinerary of the passenger; the first
driver to respond to this journcy request - by pressing the appropriate key or button
on his communicator device - gets the passenger.

Or perhaps an even better alternative: after sending the journey request to suitable
vehicles, the controlling computer system will examine all the 'accept’ responscs
received from car p()ol drivers, and out of these responses, select the vehicle that the
controlling computer system calculates will most expediently convey the passenger
to his destination. This last alternative makes car pooling even casicr [or the
passenger as the Contm”ing computer system uutomatica”y selects the car pool
vehicle which will transport the passenger in the most rapid and efficient manner.
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7.6 - The Incentive for Car Pooling

The principal incentive for a driver to participate in car pooling is monetary. For
every car pool passenger carried, the driver receives a fee. For speed and simplicity,
no money is exchanged in the vehicle: the controlling computer system handles all
financial transactions automatically. Every person registered with the controlling
computer system will have their own system-administered monetary account (see
section 9.7), and after a car p()ol journey, the cont‘ro“ing computer system credits
the driver's monetary account with his fee and debits the passenger's monetary
account b_y an amount which represents the fare for his journe_y.
It is thought that car pool fares should be set at approximately two or three times
the price ol an equivalent bus ride, making car pooling a remarkably cheap form of
door-to-door transport, yet [rom the driver's perspective, providing sufficient
reward for carrying passengers. Note that when Conveying more than one
passenger, the fee received by the driver would be proportionally higher; a car
driver can thus make a good profit from his journcy by providing carriage to a series
of passengers, or a group of passengers travelling together.

The fare charge (o the passenger and the fee received by the driver is calculated by
the controlling computer system. There is a minimum set fare for a car pool journey
(Just as there is in taxi cabs) after which the cost is primarily based on the distance
travelled. The controlling computer system will use the distance between the
passenger's starting and destination point to calculate the fare. The total fare cost,
however, will also include an amount related to the additional time added on to the
driver's own journey as a result of diverting to collect and deliver the passenger: this
is ensures that the driver receives fair recompense when a larger route deviation is
required (o convey a passenger. Methods for accurately computer metering
passcenger lares are discussed in section 9.5.

Many car pool drivers will not purely be interested in the financial reward: perhaps
they also enjoy the company and conversation provided by passengers, or might just
be curious as to whom they will meet. This may not be so true in countries such as
the UK where public behaviour is generally more introverted, but this invention s
conceived with global application in mind. In any culture, though, there are many
sociological as well as technological considerations involved in the implementation
of car pooling. Will private vehicle owners want to take strangers in their cars? The
American experience of car pooling (described in section 4.3) indicates that it does
work rcasonabl_y well: a passenger etiquette was even created to manage the social
process. This etiquette included rules such as: don't talk unless the driver Initiates
the conversation; don't talk about religion, politics or sex; and don't complain about
the heat or the choice of radio station. In the US it was found that car pool
passengers came from a wide social spectrum: blue collar workers (o company
directors were happy to travel by this means.

Should legislation be introduced that allows car pool drivers to use bus lanes (as do

taxi cabs) or have access to free city centre parking, or similar privileges, then the
incentive (o carry passengers becomes even stronger.
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7.7 - The Electronic Navigation Taxibus
We now turn our attention to the clectronic navigation taxibus.

The clectronic navigation taxibus is an entirely new mode of public transportation
facilitated by this invention. The taxibus vehicle (which is typically the size of a
minibus) can travel door-to-door, picking up passengers {rom their current location
and dropping them off precisely at their destination. Just as in car pooling, the
taxibus transports passengers using the principles of intelligent grouping. Unlike
car pooling, howcever, the taxibus driver is a paid professional with no itinerary of
his own, so the process of intelligent grouping is applied only to the passengers
travelling in the taxibus, not to the driver.

From the passenger perspective, riding a taxibus is just like travelling by car pool,
but is even easier (and much cheaper). To make a taxibus journey, the prospective
traveller sends his journey request to the controlling computer system using a
communicator device such as his cellular phone. From the passcenger perspective,
the user interface operation is just like the car pooling operation described in section
7.3. The passenger must specily his desired itinerary (current location address and
intended destination address), how many people are travelling on this itinerary (if
there is more than one), and whether he wishes to prioritise transit vehicle speed of
responsc or speed of journey. As with car pooling, once the controlling computer
system has received this information, a new journey request record in the journey
request databasc is created. Figure 8 in the accompanying drawings illustrates the
operartion of user interface on the passenger communicator device when submitting
a journcy request.

Just as in car pooling, when the time comes to execute this journcy request (which
will be straight away if the journey request is for immediate travel), the intelligent
grouping module in the controlling computer system will search the transit vehicles
current itineraries database in order (o find a taxibus vehicle in the vicinity of the
passcnger that has an itinerary compatible to the passenger's destination. Out of the
available taxibus vehicles, the intelligent grouping module will try to find the most
cllicient matching of passenger with taxibus; that is to say, to find a taxibus into
which the passenger can be intelligently grouped with a good Compatibility Index.

When a suitable taxibus is found, its details will be displayed on the passenger
communicator device. These details will include the estimated time for the taxibus to
arrive at the passenger's pick-up point, details of the estimated journey time, and the
calculated fare cost of the journcy (these two time estimates are derived b‘y appl_ying
the travel-time metric to the optimal transit route calculated by the intelligent
grouping module). If the passcnger confirms that he wishes to travel by this taxibus,
the current itinerary in the appropriate transit vehicle record is updated to reflect
the new optimal transit route. As per usual, the electronic strect navigation module
sends the driver navigation directions to the vehicle communicator device in order
to guide the taxibus along the transit route. A real-time countdown to the estimated
taxibus arrival time is provided on the passenger's communicator device. Note that
since the taxibus is in the vicinity of the passenger, it will generally take just a
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couple of minutes for this vehicle to arrive at the passenger's pick-up point.

Zach taxibus has a unique vehicle identilication number (or name) that is
prominently exhibited at the {ront, on the sides, and at the rear of the vehicle. When
a passenger makes a journey request, this identification number is detailed on the
passenger's communicator device, to help him spot his taxibus when it appears. In
addition, an clectronically updatable outside display screen situated at the front of
the taxibus will exhibit the principal destinations on the vehicle's itinerary. This
display screen is controlled by the vehicle communicator device. Both the taxibus
identification number and the outside display screen will be invaluable on busy high
streets, where many passengers may be waiting for taxibuses, and where there may
be several taxibuses simultancously arriving and departing.

Just inside the entrance door of the taxibus, an electronically updatable passenger
display screen (which is capable of displaying text and is which controlled via the
vehicle communicator device) will clearly exhibit the user names of the passcngers
that are expecred to board the taxibus at that point; as lhey board, passengers just
nced to glance at the passenger display screen to ensure that their user name is
listed, thus confirming they have entered the correct taxibus vehicle.

The taxibus driver's communicator device will indicate the number of passengers
that are expected to board or alight at any particular stop point (on most occasions
it will just be one or two passengers that alights or boards). It is the driver's
responsibility to ensure that he picks up and drops off the correct number of people.

A more robust method of verifying correct passenger-boarding in taxibus (and car
pool) travel would cmploy smart card tech nology wherein each passcnger would
carry a personally-issued smart card, and this card would be remotely scanned
(without nce(ling to take the smart card out ol one's wallet or bag) b_y a card reader
in the taxibus vehicle communicator device as the passenger boards, thus
confirming a correct passenger pick-up. Using such a system of smart cards, as cach
passenger boards the taxibus vehicle, both the taxibus driver and passenger will sce
a correct pick up conlirmation sign appear next to the passenger's user name on the
passenger display screen. Smart cards are further discussed in section 9.5.

Just as in car pooling, payment of taxibus fares is handled automatically by the
controlling computer system, and the amount of the fare is debited from the user's
system-administered monctary account. This allows passengers to board the taxibus
without fumbling for coins or travel passes, thus minimising the vehicle's stop time.
Various practicable methods for computer metering passenger fares are discussed in
section 9.5.

Once on board, the passenger will typically share his trip with several other fellow
travellers. Because it picks up and drops oft other passengers en route, the taxibus
1s not quite as quick as the car. But taxibus travel is much quicker than an excursion
on a regular bus. Bus journeys are lengthy because of the walk o and from the bus
stops, the time spent waiting for the bus, and the time it takes for passengers to
board and alight at each of the bus stops along the route. The door-to-door service
of the taxibus operates with much greater rapidity and convenience. The controlling
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computer system will ensure that all taxibuses follow a reasonably lincar trajectory,
pressing forwards towards their destinations at all times. The controlling computer
system will allow a taxibus to pick up new passengers il they arc located ahead on
its itinerary, but generally not if the taxibus must double back in order to get them,
as this would be inefficient (such passengers will be placed on another taxibus).

Passengers travelling on a taxibus are informed when their destination is imminent.
Inside cach taxibus, one or more large interior display screens capable of
displaying textual information will be mounted so that they are visible to all
passengers within the vehicle; these screens, which are controlled by the vehicle
communicator device, will show the geographic name of the upcoming taxibus stop
points (with a format such as 'NEXT STOP: Kensington ligh Street W8 6NA").
Additionally, thesc interior display screens will list the user name of the passenger
or passengers who should alight at the displayed destination. Passengers who carry
their own portable communicator device (such as a cellular phone) will have the
gencral progress of their personal journey exhibited on this device, including
advance notice of their upcoming destination.

Note that a passcnger can ask the driver (o stop the taxibus at anytime should he
wish to disembark before his specified destination (sce section 9.14 for details).

7.8 - Advantages of the Taxibus from the Passenger Perspective

The taxibus does something that even the private car often cannot: it delivers
passengers exactly to their destination. In most cities, when a parking space is
cventually found for a private car, it is often several minutes walk away [rom the
intended destination. This is a problem in bad weather, in arcas of high crime rate,
and for single women late at night. Leaving a car unattended and out of view can
also increase the risk of theft or vandalism. The door-to-door service of the taxibus
has an inherent level of security that neither the car nor conventional public
transport can beat. A taxibus can be used, for example, to safely transport children
to school on a door-to-door basis, so that parcnts nced not worry about the school
run cach morning (which in itself will clear a great deal of traffic from the roads in
the UK: just before 9 am in urban arcas, an astounding one car in every fve is
taking children to school).

The door-to-door service of the taxibus is also invaluable for the frail, elderly or
disabled. Many towns in the UK have a 'dial-a-ride’ service for people with a
mobility impairment, which provides minibus door-to-door travel in the local
district; typically these rides must be booked by telephone a day in advance. This
invention can subsume the dial-a-ride service: the taxibus offers more efficient
routing, and can be requested just minutes before required; the existing dial-a-ride
minibus vehicles, which are specially designed for use by mobility-impaired people,
can be incorporated straight into this invention as taxibuses simply by fixing a
communicator device for the driver on the dashboard (and installing a passenger
display screen, an interior display screen, and painting a vehicle identification
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number (or name) on the outside of the minibus).

By default this invention will marshal a rapid response to passenger journey
requests, providing a taxibus to pick up passengers within minutes; however it is
also possible to submit a journey request that books a taxibus trip some time in
advance, using pre-order booking. A pre-order booking is just like an ordinary
journey request, cxcept that the passenger must additionally specify the precise time
in the future that she wishes the taxibus to come and collect her for the journey. It is
also possible to organise a regular order booking for taxibus trips. A regular order
booking is a journey request which is automatically executed at a specified time, and
which is repeated on a specified regular basis. Regular order bookings are very
useful for people who commute to and from work at the same hour cach day. When
commulers placc a regular order b()()king with the contm”ing computer system, a
taxibus will automatically collect them [rom their home on the days and the times
they have specilied for the journey to work, and likewise for the return journey if so
requested. Regular order journcys have many other uses: for children travelling to
and from school cach day, tor regular visits to the gym after work, and for any trip
or journcy that is routinely undertaken. Regular order bookings have advantages
both for passcngers, and lor the taxibus system. For passengers, it saves them the
trouble of ordering a taxibus every time; the taxibus will arrive automatically as
specified. For the contro”ing computer system, for‘cknow]edge of passcnger journcy
requirements can allow for a more efficient routing of the taxibus fleet. Pre-order
booking and regular order booking journcy requests are stored in the journey
requests database (sec section 7.1).

It is anticipated that the taxibus will be more convivial and community-oriented
than any other means of travel, because the Controlling computer system will
naturally tend to group like-minded passengers in the same vehicle. Football fans,
theatre goers, concert crowds, conference attendecs, tourist attraction visitors, and
so forth, will all tend to be grouped with their own kind into the same taxibus,
simply because this is the most efficient way of transporting people headed [or the
same destination. It would even be possible to program the controlling computer
system to deliberately exaggerate this social grouping eftect. This might be done not
just for conviviality, but also for security: school children, for example, would
benefit from being exclusively grouped together in one taxibus for safer travel.

The taxibus is an interesting way of travelling. Even for commuters going to the
same destination every day, the taxibus will generally run a dilferent route variation
on cach journey, depending on the itineraries of the other passengers on board. This
means that on every journely the traveller may sec somelhing new: a strect he has
not been down before, or an arca of the city he has never scen. Also, because the
taxibus takes the most efficient route and because the system knows all the back
streets, travelling by taxibus is a great way to learn new short cuts.

There are so many benefits to taxibus travel. There is the great fceling of freedom
the taxibus gives: it takes you exactl_y where you want to go, and whercveryou are,
a taxibus is always available whenever needed. As a taxibus traveller, there is no
need to carefully monitor the amount of alcohol you are drinking, as car drivers
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must. This in itsell’ may revolutionise the social lives of many people, but more
importantly, a hidden benefit of introducing a comprehensive taxibus service might
be a marked decrease in alcohol-related road accidents.

The taxibus is particularly fast and convenicnt for travel to an unfamiliar address:
instead ol pre-planing the trip using a street atlas, you simply submit a journey
request for travel to this address, and the taxibus will drop you right outside.

The taxibus brings simplicity to public travel, offering an easy way of taking a trip.
Ease and simplicity are partly why the private car remains so popular: with the car
you just get in and go. The taxibus is equally uncomplicated: state your destination,
and let the taxibus takeyou there. One must reflect for a moment to rea“y
appreciatc the almost magical power of taxibus transportation. With nothing but a
cellular phonc, you press a couple of ke‘ys, and a taxibus appears jusl minutes ]ater,
rcady to whisk you away to the destination you selected.

7.9 - The Taxibus Fleet

The taxibus fleet will contain a diversity of types and sizes of vehicle. Vehicle size
brings advantages and disudvantagcs. Larger vehicles can transport more people
(and using just one driver, so it is also more economic on personnel); but higher
passenger numbers equate to longer journey times, as a result of the extra pick-ups
and (h‘op-of‘f's en route. By contrast, smaller vehicles transport less pcoplc, but do so
more rapidly. Larger vchicles are efficient at transporting passengers that have
identical embarkation or destination points, for example, passengers travelling from
an airport to city centre hotels, or passengers travelling to a large public event such
as a music concert or football match. Larger vehicles may be more appropriate for
inter-city travel. Smaller vehicles are better at driving down narrow residential
streets, picking up and dropping off passengers [rom their homes. It is thought that
taxibus fleets in citics should comprise mainly smaller-sized vehicles, in the range of
4 to 12 passenger seats (in other words, the size of a multi-purpose vehicle or people
carrier, up to the size of a minibus).

The journey range of cach taxibus vehicle may vary. Some vehicles might be
restricted for use within specified suburban areas; other vehicles might cover the
whole of a city; still others might run from city-to-city or cover an entire country.

Occasionally a passenger's journey may be split into two legs, using two different
taxibus vehicles. Typically, passengers travelling city-to-city by taxibus may have
their journey thus split: a local taxibus vehicle first collects the passenger from his
address, and later the passenger is transferred to another (perhaps larger) taxibus
vehicle for the inter-city portion of his journey. The controlling computer system
will however always try to transport passengers on a single taxibus if possible. Split
journeys are examined in more detail in section 9.2.

An enhancement to lurther improve the cfficiency of this embodiment of the
invention would involve the controlling computer system deploying its taxibus fleet
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according to the time of day. During commuter rush hours the controlling computer
system will tend to pull all its taxibus vehicles into operation; at quicter times such
as during the night, many taxibuses will rest in their depots (small taxibuses might
be parked outside the residence of the taxibus driver). In the morning rush hours,
the controlling computer system will ensure that plenty ol taxibuses are mustered
around the suburban regions read_y to take passengers into the city centre. In the
cvcning rush hours, the C()ntrolling computer system will orchestrate the reverse.
The controlling computer system will maintain a database of the statistically
averaged passenger flux in all regions of the city, for all times of day, and for all
days of the week. (The passenger flux from a given arca is defined as the number of
passengers per unit time requesting taxibus transport in that area). Using this
passenger flux database, the controlling computer system will pre-emptively
marshal its taxibus fleet so that the vehicles are ﬂl”y prcpar‘ed and p()sitioncd to
meet temporal variations in travel demands (the contro”ing computer system will
generally pre-emptively re-position taxibuses that are currently empty). The
controlling computer system will also act on any notice that it is given of large
public events, pre-emptively marshalling its {leet in order to handle the crowds.

Later in the evening and at night the controlling computer system will withdraw
larger taxibus vehicles from the roads, keeping just the smaller taxibuses in
operation. This will save fuel, keep noise levels down, and further decrease road
congestion, as smaller vehicles take less space and cause less blockage when pulling
over to pick up or drop ofl passengers. One of the problems with regular buses is
that large vehicles are needed to deal with the pea,k hour passenger {Tux, but at
other times these vehicles remain half empty. The taxibus fleet responds much more
dynamically to variations in passenger {lux.

Who would run the taxibus fleet? Many operators could be accommodated by
franchising different organisations to run taxibuses. As long as each taxibus vehicle
runs under the control of the controlling computer system, it does not matter who
owns or drives the vehicle. Even an individual driver may purchase a taxibus
vehicle and enter into a franchise; existing taxi cab or mini cab drivers might
consider this (more of which in section 7.15). At the other end of the spectrum,

large companics might operate a fleet comprising thousands of taxibus vehicles. This
invention can accommodate all.

The controlling computer system may also accommodate specialist taxibuses: for
cxample, large shopping centres or supermarkets might operate a small local fleet of
taxibuses which would respond only to passengers headed for the shopping centre.
Containing ample space for purchases, these taxibuses might even offer free rides to
customers. Other types of specialist taxibuses could include ones designed for
transporting particularly large or heavy items. There is even the possibility of
including first class taxibus vehicles in the fleet. First class vehicles would levy
higher fares, but would contain larger and more comfortable seats, and provide
additional services such as for example airline style back-of-seat Internet access
terminals. A first class taxibus vehicle might even be designed to comprisc several
small compartments which are separated or semi-separated from cach other, thus
providing greater privacy for passengers carried. In general, the greater the
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diversity of taxibus vehicles operating, the better this invention is able to satisfy
spcciﬁc transport requirements.

Taxibus vehicles could advantageously be powered by hydrogen fuel cell engines. In
certain configurations these engines are completely pollution-free: their exhaust
prod uct is actua“y pure water vapour. No po“utants or grccnhouse gases are
emitted. Hydrogen fuel cells create electricity which then drives an electric motor:
vehicles with these engines thus run very silently. Large investments in developing
hydrogen powered vehicles have been made, and they are fast becoming a viable
technology. The main problem is the lack of luelling stations. However, proponents
for hydrogen fuel argue that at this initial stage, the rollout of fuel cell technology is
ideally suited to public transport vehicles. Such vehicles are usually refuelled at
their depots: this small number of depots can be equipped with hydrogen fuelling
stations at minimal expenditure - thus providing an extremely cost effective way of
cutting air pollution and greenhouse gas emissions.

7.10 - The Taxibus Combats Parking Congestion

We have scen that the inherent efficiency of the taxibus arises from adaptable
routing and intelligent grouping, with each taxibus typically conveying several
disparate passengers at once on a door-to-door basis. By contrast, the private car,
which occupies pretty much the same road space, typically carries only the driver.
Worse still, each solo driver has a whole exhaust emitling engine to himself, which
pumps out pollutants and greenhouse gases. The private car is thus indicted on
transportation inefficiency, and excessive emission of undesirable exhaust products.

However the private car harbours a third and equally disturbing inefficiency: the
average automobile is only utilised 10% of the time, with the typical car driven for
less than 1.5 hours each day.

The rest of the time, which is 90%, a private vehicle lies idle, parked, and taking up
space. Considering this inelliciency it is not surprising that the kerbs on most main
roads and residential streets are crammed with parked cars. If the usage efficiency
of cars were 100% then clearly no parked or stationary vehicles would be seen
anywhere, apart from when d ropping off or picking up travellers or delivering
goods. This is self-cvident, but it is worth repeating this point because it is normally
overlooked: the reason our streets are so overburdened with parked cars is not just
a lactor of the level of vehicle ownership, but also a factor of vehicle usage
etficiency, which as stated is a meagre 10%. A simple equation describes parking
congestion:

Number of Parked Vehicles =
Number of Vehicles Owned x (100 - Usage Lfficiency) + 100

We have become so accustomed to secing parked vehicles clogging up towns and

cities that we assume this is an unavoidable conscquence of enjoying the
convenience of motor (ransport. But it is not: the above equation implies that if
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vehicle usage efficiency is increased, the number of parked vehicles will decline
proportionately, and that increasing the usage efficiency to 100% will actually result
in having no parked vehicles in the streets whatsoever. A taxibus vehicle's usage
cthciency generally tends towards a perfect 100%, because the controlling computer
system tries to ensure that all of the taxibus's time is dedicated to active
transportation. Once the taxibus delivers a passenger, it does not remain idle, but
continues conveying other passengers. The private car, on the other hand, tends to
be quite uscless once the driver has departed.

In urban arcas, the fact that the private car must be parked when it arrives at its
destination can be considered a design flaw in this mode of transportation. Consider
the amount of time that is lost looking for parking places, the parking fces that must
be paid, and the incvitable parking lines, vehicle clamping and tow-away costs, the
cost of building massive multi-level car parks, the running of controlled street
parking, of buying parking area land for shopping centres and sports centres, and so
forth. Still further expense results [rom salary costs for traffic wardens and other
stall to regulate these pzu‘king zones.

Even when drivers are on the move, parking atdl affects their journcy: in many
citics, most smaller roads arc now effectively reduced to one lane duc to parked cars
on both kerbs, and during any trip, drivers are f‘rcquentl_y forced to pu“ over into a
gap between these parked cars in order to let oncoming traftic squeeze past. Parked
vehicles are cholesterol on the road arteries of our cities.

In a future where the electronic navigation taxibus has taken over from the car as
the primary form of travel, and the number of privately owned vehicles has fallen,
parking congestion will be of historical interest only, and free parking spaces will be
abundant. Perhaps the streets will never quite revert (o an cra when they were
largely clear of parked vehicle clutter, but with a comprehensive taxibus service in
place, this epidemic of idle kerbside automobiles can be abated.

In such a future of streamlined taxibus transportation, the roadside parking meter
would become redundant; parking meters could be advantageously converted into
mini roadside kiosk communicator devices on which passengers can request taxibus
rides, and by which they can wait for their taxibus to arrive.
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7.11 - Greater London Case Study of the Electronic Navigation Taxibus

Let us examine how an electronic navigation taxibus fleet compares to existing
forms of transport. We shall take Greater London as our case study. For each 24
hour period in central and outer London, around 25 million passcnger journcys take
place. These divide modally as follows.

9 million Private Car (as Drivers)

6 million Private Car (as Passengers in above)
4 million Bus

2 million London Underground

2 million Walking

I million Train (Surface Rail)

Source: Department for Trandsport. Figures have been rounded,

Other modes of travel in Greater London (motorcycle, taxi cab, mini cab, bicycle)
are fairly negligible in comparison. The relative importance of these transport modes
is somewhat reversed as far as peak-hour travel to and from central London is
concerned: morning peak hour (7 am to 10 am) passenger journeys into central
London divide modally as follows.

0.5 million Train (Surface Rail)
0.4 million London Underground
0.1 million Private Car (Either as Driver or Passenger)

0.05 million  Bus
Source: Department for Transport. Figures have been rounded),

How would a London-based electronic navigation taxibus flect compare? Consider
a taxibus fleet of just 10 thousand vehicles. Assume an average vehicle occupancy of
6 passengers and a typical passenger journey time of 20 minutes (average journey
length in Greater London is 7 miles and the average suburban speed of 20 mph; this
corresponds to a journey time of about 20 minutes when the Compatibility Index is
low). A quick calculation shows that this taxibus fleet would complete 180 thousand
passenger journeys every hour. In a 24 hour period, the flect could in principle
handle 4.3 million door-to-door passenger journeys, which is a formidable number.

We can compare this to London's 6 thousand buses, which carcy 4 million
passengers cach day, mainly in double-decker vehicles having a capacity of around
80 passengers. Another point of reference is London's 20 thousand licensed taxi
cabs which, throughout every 24 hour period, manage to transport 0.5 million
passengers.

How will these 10 thousand taxibuses cope, theoretically at least, with the 7 am to
10 am rush hour commute to central London? Assuming, during these rush times,
an average taxibus occupancy of 8 passengers and an average commuter journcy
length of say 40 minutes, then a simple calculation shows that the taxibus fleet will
manage to transport over (.36 million commuters during these three hours. This is a
very impr'essivc ﬁgure, almost equzl“ing the performzmce of the entire London
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Underground system during the same time period.

The incredible power of this invention becomes even more apparent if passenger
journeys from car pooling arc also taken into consideration. There are 9 million
private car journcys made each day: if these drivers were to offer a car pool ride just
once in every five journcys they make, this would add up to nearly 2 million car
pool passenger journcys daily. Again for comparison, this is a figure equal to the
daily total of passenger journeys on the London Underground.

What about the operating profit and the running costs of the taxibus fleet? The
major running costs will arise from driver wages: this fleet of 10 thousand taxibuses
will require around 30 thousand drivers working in 8 hour shifts to keep these
vehicles on the road 24 hours a day, 7 days a week (based on only a reduced taxibus
service running at night). Assume each driver costs a total of £25,000 per year for
salary and other costs, then the wage bill will amount to £750 million annually. Fuel
costs for this fleet can be calculated at £300 million a year (based on the fleet using
diesel fuel, and cach taxibus giving around 20 miles per gallon).

Further costs will be incurred from vehicle servicing and maintenance, and the
expenditure of running the controlling computer system. Telecommunications costs
should be minimal, since only low volumes of data are transmitted. Driver training
costs will be low: a standard driver's licence will suffice since most of the taxibus
vehicles will be not much larger than a regular multi-purpose vehicle or people
carrier type of motorcar. Taxibus drivers will not need to have knowledge of the
strect layouts, as electronic street navigation is provided at all times.

What about the sales revenue gencrated? Setting the taxibus passenger fare at a
modest 15 pence per mile, and assuming an average vehicle occupancy of 6
passengers, with an average vehicle speed of 20 miles per hour, then the daily (24
hour) revenue collected by the fleet will be £4.3 million. This adds up to nearly £1.6
billion a year, which should casily cover the running costs of the taxibus flect.

Regarding the capital cost of introducing such a taxibus fleet: most of the
investment will arise from buying taxibus vehicles; the computer technology that
runs this invention is relatively cheap. Assume each taxibus vehicle costs £30,000,
which is the typical current price of a multi-purpose vehicle or minibus: it will then
require a capital investment of £300 million to purchase a fleet of 10 thousand
taxibus vehicles. Not only is this a modest figure by transport budget standards, but
this amount might even be accommodated within the annual profits generated by
such a {leet.

It is interesting to examine the figures for a larger taxibus (leet. Suppose the fleet is
increased to 30 thousand taxibuses. This requires a capital investment of £900
million to buy the vehicles, a team of 90 thousand drivers to keep them moving,
£2.25 billion a year in driver salaries, and £900 million a year on fuel; such fleet will
generate an annual revenue of £4.7 billion, and provide almost 13 million door-to-
door passenger journeys each day - a figure that is close to the daily total of
passenger journeys made by private car in London. Thus a fleet of 30 thousand
taxibuses can do more or less the same job as London's 2.3 million privately-owned
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cars. We could therefore dispense with many of these cars. This possibility is not
Just a utopian vision: it is a glimpse at what cities of the future will be like. The
taxibus has the potential to transform urban lifc and the city landscape. Car
manufacturers nced not worry undul_y about the prospect of a decline in private car
sales: due to the high workload of taxibuses, which will be in operation 24 hours a
day, it is expected that taxibus vehicles will wear out quickly, and will require

frequent replacement.

Does it make economic sense for a Londoner to sell his car and travel primarily by
taxibus? Ownership of the average car can be costed at around £10 a day inclusive
of fuel, road tax, insurance, servicing, maintenance, and vehicle depreciation, but
exclusive of parking. The average vehicle covers a distance of less than 30 miles
each day with an average occupancy of 1.4 travellers: this equates to a cost of 24
pence per person per mile, excluding any parking fees. Comparing this to the 15
pence per mile taxibus cost, this analysis suggests that it does make good cconomic
sense to scll the car and adopt the taxibus, although the precise economics will
greatly depend on individual circumstances. Families with children may not be so
keen to sell the car, since the car becomes more economically viable when there are
more travellers. A special discount on taxibus fares might be offered to lamily
groups in order to make the taxibus more tinancially appealing to familics.

The ultimate objective of the taxibus is not to climinate the private car, but to
seduce people away from the car by providing a taxibus transportation network that
the public will come to view as a much more convenient and convivial way (o travel.
The taxibus aims to compete with - and beat - (he private car in terms of transport
excellence; winning over clientele through its manifest superiority.

Note: the above transportation and [inancial performance analysis of the taxibus is
based on an assumed average vehicle occupancy of just 6 passengers; if higher
average vehicle occupancies are achieved, say 10 passengers per vehicle for
cxample, then all the above performance figures will be proportionally improved.

7.12 - Taxibus Response Times

The success of the electronic navigation taxibus as an everyday means of transport
will crucially depend on the time a prospective passenger has to wait for a taxibus to
arrive. To compete with the Jump in and go' immediacy of the private car, it is felt
that a taxibus must appear within three minutes of a passenger making a journey
request. [s such a rapid response feasible? Some simple analysis can answer this
question. Again we shall take Greater London as our case study.

The total arca of Greater London is around 610 square miles. Assuming we have a
fleet of 10 thousand taxibuses more or less evenly spread across this area, this gives
an average vehicle density of 16 taxibuses per square mile. Department for
Transport statistics indicate that the average road speeds in the suburbs are around
20 mph, and 11 mph in the central London area. Thus in the suburbs, in order for
the typical taxibus response time to be three minutes or less, the responding vehicle
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must be situated no further than one mile away (since at the average suburban road
speed of 20 mph, it takes three minutes to travel one mile). Ilow many taxibuses are
there within a one mile radius of any waiting passenger? The answer is simply the
arca of a one mile radius circle (which is 3.142 square miles) multiplied by the
taxibus vehicle density per square mile. This gives 16 x 3.142 = 50 taxibuses. This 1s
a fair number of vehicles, and since these 50 taxibuses will have a wide variety of
itineraries, there is a high chance that one or more will be travelling in a direction
compatible to the passenger's desired destination (this probability also depends on
the closeness of the passenger's destination; the closer the destination, the higher the
chance; note that the average journey length in London is just 7 miles).

In central London, the average speed is 11 miles per hour, so the three minute
response time will encompass a smaller circle: onc of just over half a mile in radius.
This circle is smaller than the suburban one: its area is only I square mile - thus
containing lewer taxibuses. However the controlling computer system could be
conligured to maintain central London taxibus densities at a higher level, and this
greater abundance of vehicles will ensure that a three minute response fime 1s
attained, even if the road speeds are lower. Of course, if traffic congestion [alls due
to the ubiquitous success of the taxibus, then average road specds will improve, and

SO SpCCd up responsc t‘imes ii” r()und.

This simplified analysis is no substitute for a more in depth mathematical modelling
of taxibus response times, but it does strongly suggest that a three-minute response

is eminently feasible.

If we relax the constraints and allow the passenger's journey to be split into two legs
on different taxibus vehicles (see section 9.2 for split journeys), then there is almost
certainly going to be a suitable taxibus within three minute's proximity to run the
first leg of the journey. If the taxibus fleet is increased from 10 thousand to 30
thousand vehicles, then the taxibus density increases proportionately, yielding a
remarkable 150 taxibus vehicles within a three-minute radius of a passenger, thus
making the desired response time still more feasible.

In certain travel circumstances, such a rapid response time might not be so critical.
When a regular taxi cab or mini cab is ordered over the phone, for example, the taxi
normally arrives around 10 or 15 minutes later; in many situations this time scale is
perfectly adequate. In taxibus travel, there arc advantages for passengers who are
more flexible regarding the arrival time of their taxibus: such time flexibility gives
the Controlling computer system more opporrunit_y to find a taxibus with a near-
perfect itinerary match to the passenger. This means that although the passenger
may have to wait a little longer for her taxibus to arrive, the journey on the taxibus
itself will be quick and efficient, due to good itinerary matching.

When ordering a taxibus or car pool vehicle, passengers should be given the choice
of prioritising the transit vehicle speed of response or the speed of journey.
Perhaps most passengers will prioritise the speed of response, preferring to get
aboard a vehicle as quickly as possible (which is desirable if the prospective
passenger is waiting in the street). However passengers who prioritise the speed of
journcy will find that, once aboard their transit vehicle, they will be more speedily
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delivered to their destination (perhaps this is a better option for prospective
passengers waiting indoors). When speed of response is prioritised, the controlling
computer system would aim to get a transit vehicle to pick up the traveller within 3
minutes of the departure time specified in the journey request; that is to say, the
latest acceptable pick-up time for the traveller will be 3 minutes after this
departure time, the total traveller pick up time window thus being 3 minutes. When
speed of journey is prioritised, the traveller pick up time window is extended to 15

minutes, starting from the specified departure time.

7.13 - Car Pooling versus the Taxibus

Car pooling is an informal means of transportation provided by this invention. Car
pooling enlists the help of private vehicle drivers to provide travellers with a door-
to~-door service similar to that supplied by the taxibus. It is hoped that the number
ol passenger journeys arising from car pooling will be a useful addition to the
number of passenger journeys provided by the taxibus fleet, so that car pooling will
further contribute to defeating traffic congestion.

It is thought that many car drivers will convey passengers now and then, according
to their mood and schedule. Some drivers may want to give car pool rides because it
helps top up their system-administered monetary account: by filling their monetary
account in this way, such drivers effectively get their travel for free when they
themselves are passengers in a taxibus or car pool vehicle. In other words 'what you
give is what you get' and this is a great motivation for offering car pool rides.

7.14 - Testing the Taxibus Concept

The taxibus is an entircly new form ol transport, and must initially be tested on a
small scale, tirstly to examine its overall functionality, and secondly to optimise
certain design and operational parameters.

Implementing the car pooling modc of this invention is a simple and inexpensive
way of testing the invention's general functioning: no vehicles need to be purchased,
so the car pooling mode can be implemented at a very low cost. Once car pooling is
up and running, it will yield valuable data on how this invention opcrates in reality.
However, there are many diflercnces between car pooling and the taxibus, and the
taxibus transportation system needs to be tested separately.

Perhaps the cheapest way of testing the taxibus is by means of computer simulation
of a city's travel networks. The software for such a simulation could be written
without much difficulty, and would be extremely useful for observing the effects of
adjusting various parameters, such as the number of taxibuses in the flect, the
passenger capacity of each taxibus, and the operational characteristics of the
intelligent grouping module. By means of this simulation, optimum parameter
values can be determined before setting up a real taxibus service.
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Subsequent to computer simulation tests of the taxibus, the next step would be to
implement a taxibus service on a small scale. This might best be accomplished in a
city of less than half a million inhabitants, wherein a relatively modest fleet of
taxibus vehicles can cover the whole town. It is very important to implement a
saturation level of taxibus vehicles in any test. Saturation level is defined as the
minimum taxibus vehicle density that can consistently provide a three minute
responsc time to journcy requests. If the taxibus density is below the saturation
lcvcl, then the average responsc time to passenger journey requests becomes longer.
Slow response times will put people off using the taxibus: nobody is going to tind
the taxibus quick and efficient if it takes 20 minutes for the vehicle to arrive. Thus
this invention must be tested at saturation capacity in order to investigate how the

general pul‘)lic take to the taxibus.

A small scale test is even possible in large cities. This is achieved by providing a
saturation level, 24 hour taxibus flect to a particular suburb in the city. Just a few
hundred taxibus vehicles will be nceded for saturation coverage. Travel on these
taxibuses would be restricted to journeys within the sclected suburban area, and
journeys from the suburban area to the city centre and back. Thesc limited
transport options will not be able to accommodate all the travel demands of these
people, but should encompass a good percentage of their normal journcys - enough

to make the test meaningtul.

Small scale testing in a large city may also be achieved by confining the taxibuses to
the central area. The central London region, for example, bounded by the Inner
Ring Road covers just eight square miles. A fleet of 200 vehicles constrained to this
zonc would vield a density of 25 taxibuses per square mile, which should be
sutficient.

Note that the vehicles used for testing need not be specially designed or purchased.
LLarge cars and minibuses can be employed. For testing purposes, the only essential
modifications requir‘ed are the ﬁtting of a communicator device on the dashboard,
and the displaying of a vehicle identification number (or name) on the outside of the
taxibus. [lowever, if the budget is available, a flect of new, purpose-built vehicles
will obviously make a better impression on the public.

7.15 - Including Regular Taxi Cabs into this Invention

Regular taxi cabs arc rcadily included in this invention, and there are two ways a
taxi driver can benefit. In the [irst, the taxi driver uses this invention just to acquire
customers, in a manner similar to the existing 'radio taxi' passenger procurement
system. In this mode of operation, when a passenger makes a journey request, his
communicator device, in addition to detailing the currently available taxibus and car
pool travel options in the passenger's vicinity, will also detail the taxi cab options
available. Should the passenger select a taxi cab option, the controlling computer
system will respond accordingly: the journey request will be detailed on the selected
taxi driver's communicator device, and if the taxi driver accepts the journey request,
the controlling computer system will guide him to the passenger, just as it does with
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car pool drivers (this was described in section 7.4). This taxi mode of operation is
not strictly speaking an application of this invention since it does not follow the
principle of intelligent grouping; nevertheless this taxi mode can casily be provided
by the controlling computer system, and will be helpful for both taxi drivers and

their passengers.

The second way a taxi driver can benelit from this invention is to operate his vehicle
as a taxibus. In this taxibus mode of operation, the passenger fares charged will be
lower - being pr'iced similar to car pool fares; however the taxi driver will be
conveying perhaps three or four disparate passengers at once, so their concurrently
metered fares will add up to an amount which is comparable to a normal taxi fare. It
is entirely up to the taxi driver how he wants (o operate: he can function in taxi cab
mode or in taxibus mode. The mode of opcration can be switched at any time; the
taxi driver would select the mode in order to maximise his business and prolfit.

Even if taxi drivers prefer to remain as regular cabs, operating only in taxi cab
mode, it 1s anticipated that this invention will deliver taxi drivers more custom.
Many prospective passengers using this invention will want to take the first and
fastest transport option available: this will always be the taxi cab. Why? Because
with taxibus or car pool travel therc arc two requirements to satisfy: the transit
vehicle must be in proximity to the passenger and the vehicle must have itinerary
commitments compatible to the passenger's itinerary. With the taxi cab there is only
one constraint to satisfy: proximity. Thus a taxi cab vehicle will gencrally be the first
available, and because it does not pick up other passengers en route, it will generally
be the fastest available. For these recasons it is believed that this invention will
deliver more business to taxi cabs. Whether the taxi driver's fee is paid
automatically into his system-administered monetary account, or paid in cash within
the cab, is a question that needs further consideration.

One advantage this invention offers the taxi driver is the ability to accept or decline
Incoming journey requests on the basis of the passenger's specified itinerary - this
itinerary will always be detailed on the taxi driver's communicator device. This is
useful when the taxi driver is finishing his working day and is about to return home:
in these circumstances he can sclect a passenger with a destination close to his
home, and thus conveniently include one more fare before he ends his shift.

For mini cab drivers too, this invention holds promise. Instead of illegally soliciting
business on the streets, mini cab drivers might tind it much more rewarding to work
as a professional taxibus driver. Though many mini cab drivers often have a less
than complete knowledge of the road layouts, this does not present a problem since
taxibus drivers just need to follow the clectronic street navigation directions detailed
on the vehicle communicator device.
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7.16 - Including Existing Modes of Public Transport

Most of the difficulties and time wasted using existing modes of public transport
arise from the trips to and Irom the transport departurc and arrival points (irain
stations, bus stops, and so forth). It is anticipated that just by introducing a taxibus
service - which can cheaply and efficiently provide these trips - the general public
will start to make better use of existing public transport, especially the railways,

which ofter fast long distance travel.

However, it 1s thought that in the long term, existing pul)lic transport modes such as
bus, train, tram, coach and metro may also be included in the control]ing computer
system of this invention. These existing modes of transport are not strictly speaking
an application of this invention, since they are fixed route rather than adaptively-
routed transport vehicles. Nevertheless these existing public transport modes can be
advantageously incorporated into the controlling computer system of this invention,
and in this section we outline how this can be done.

In order to operate with existing public transport, the conlrolling computer system
of this invention must have real-time knowledge of the current location, routing, and
destination ol all participating public transport vehicles (this may require the
installation of communicator devices in cach transport vehicle, and/or linking up to
any computer systems that help control these transport vehicles). With this
information available, when a traveller submits a journey request, the controlling
computer system of this invention will be able to provide the traveller with details of
the various transport options that enable the traveller to get to his desired
destination; the controlling computer system will detail these various transport
possibilities on the traveller's communicator device.

Fixed-route transport vehicles such as bus, train, tram, coach and metro cannot
divert in order to pick up or drop off passengers; so if a passenger opts to travel by
these modes of transport, he will be provided with a walking route to the
appropriate bus stop or train station. Passengers using a roadside kiosk
communicator device will be shown a map of this walking route on the kiosk screen,
and passengers that have a portable electronic positioning communicator device
(such as a cellular phone) equipped with electronic positioning will be given
electronic street navigation directions in real time as they walk to the station or bus
stop. On arrival at the station or bus stop, the controlling computer system will
inform the passenger what ticket to buy, and which transport vehicle to take. The
controlling computer system will also inform the passenger at what point he or she
must alight from the vehicle. Passengers carrying their own clectronic positioning
communicator device will even be prompted to alight from their transport vehicle
just before their destination station or bus stop comes up (provided, of course, their
communicator device is within range of a signal). Alter alighting, further walking
directions from this disembarkation point to the destination address are available on
the passenger's communicator device, if needed.

Note that the taxibus and car pooling configurations of this invention operate by

means ol a self-contained computer system which runs entircly independently,
without any interface to the soltware systems of existing transport systems.
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However if existing transport modes are included, this adds considerable
complexity, since the controlling computer system of this invention will need to
interface with the computer systems of these various lorms of existing public
transport. For this reason, it is thought that the integration of existing transport
modes into the contro“ing computer system should be deferred, and not form part
of the immediate implementation of this invention. In the long term, however, such
an integration of transport modes will be en()rmously convenient to travellers, as the

next section describes.

7.17 - An Integrated Multi-Modal Transport System

Should existing public transport modes such as bus, train, tram, coach and metro be
incorporated as described above in section 7.16, then the controlling computer
system of this invention will become an incredibly flexible transportation nerve
centre, yet one which anyone can access using a communicator device such as a
cellular telephone.

Once existing public travel modes are integrated into this controlling computer
system, prospective passengers will have a comprehensive range of travel
possibilitics instantly at their disposal. For example, consider a passenger in London
wishing (o travel from Kensington to Islington. Having submitted his journey
request to the controlling computer, the passenger might have the following travel
options exhibited on his communicator device:

FROM: 263 Kensington High Street W8 6NA TO: 116 Upper Street N1 1AL

Transport Wait Journey Cost £  Arrival

Taxibus 2 mins 32 mins 1.05 11:34 am
Car Pool 4 mins 25 mins 4.50 11:29 am
Bus 0+1 min walk 56 mins, 2 legs 2.00 11:57 am
Underground  6+7 min walk 30 mins, 2 legs 1.60 11:43 am
Taxi Cab I min 24 mins 1400 11:25 am

Time Now: 11:00 am Passengers: 1  Distance: 7 miles

These detailed travel options are based on the passenger's current location, his
desired destination, and the current availability of transport vehicles in his vicinity.
These options detail the estimated wait belore the transport reaches the passenger,
the estimated journey time, the cost of the jou rney, and the estimated time of arrival
at the destination. For taxibus, car pool and taxi cab modes of transport, the 'Wait'
estimates the time it will take for the vehicle to get (o the passenger (in this example
the taxibus is estimated at two minutes away). For bus and Underground modes,
the 'Wait' estimates the time it will take for the passenger to walk to the transport
(in this example the Underground station is 6 minutes' walk away, and at the other
end of the journey, there is a 7 minute walk from the Underground station to the
[inal destination).
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All travel options shown on the communicator device are available (o the passenger.
Should he select one, the controlling computer system will proceed with that choice,
either organising a transport vehicle to collect him, or guiding the passenger to walk
to the transport embarkation point. In car pooling, note that vehicle availability is
unconfirmed until the driver accepts the farc: when a passenger selects car pooling,
the passenger's jou rney request is sent to the car driver, who may or may not accept
it; if he does not accept, the controlling computer system will try to find another car
pool vehicle for the passenger. The same uncontirmed status applies to taxi cabs too,
since the controlling computer system gives taxi drivers the choice of accepting or
declining passenger journcy requests. In reality, taxi drivers will generally accept
passenger journcy requests because these drivers earn their living from providing

carriage.

As the ﬁgures inc]icate, C.a,rria,ge by car p()ol 1$ more cxpcnsive than travel b.,V
taxibus. This is because adequate remuneration is needed to provide an incentive for
car pool drivers to carry passengers, and also because car pooling is generally
quicker than the taxibus: car pool vehicles carry fewer passengers (usually just one
or two) so there are fewer pick-ups and drop-offs en route.

Like the taxibus, the cost of a car pool trip is calculated according to the distance
travelled. However a second costing factor is also added to the car pool pricing
cquation, this factor based on the additional time the driver spends in picking up
and dropping ol his passenger. The additional time is called the "diversion time". If
the diversion time is large, the passenger fare will increase correspondingly in order
to fairly remunerate the driver for his trouble. Because of this diversion time factor,
shorter car pool journeys often have a higher cost per mile comparcd to the taxibus.
However long car pool journeys can be relatively inexpensive, approaching taxibus
[ares, because, for these lengthier trips, the diversion time factor will generally be
less signiﬁca,nt than the distance-travelled factor.

With the controlling computer system having real-time knowledge of the current
location, routing, and destination of all participating public transport vchicles, it is
possil)lc to program the Contr()”ing computer system to respond to a traveller's
journey request in a dynamic and flexible way, employing the most suitable travel
options available at the time, and splitting a traveller's journey across different
transport modes if this can expedite the trip (sce section 9.2 for split journcys). For
example: a traveller may submit a journey request specifying that she wishes to
travel as rapidly as possible {rom a suburban address in London to an office in
central London during the morning rush hours. The controlling computer system
calculates that the quickest way of getting to central London at that time is by
Undergroun(], and th us arranges for a taxibus to collect the travellcr l'rom hcr
address and drop her off at the appropriate Underground station, where she will
catch a train into London.
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7.18 - Greenhouse Gas Emissions - Can the Taxibus Save the Planet?

Although global warming studies are controversial, most predict that man-made
emissions of greenhousc gases such as carbon dioxide will cause an increase in
average global temperatures, and this in turn will precipitate more extreme weather
phenomena such as tlash flooding and hurricanes.

Transportation is a major source of greenhouse gases, accounting for as much as
33% of a nation's carbon dioxide emissions. What impact can this invention have in

cutting this greenhouse gas output?

The taxibus has great potential for reducing greenhouse gas emissions. To elucidate
this potential, let us again take Greater London as our example. Assuming that the
average taxibus holds 8 passengers during the rush hours, and given that the typical
occupancy of a car is 1.4 travellers, this equates to each taxibus vehicle having the
capability of removing about 6 cars from the road (since 8 + 1.4 is roughly 6).

This analysis thus suggests that in major cities, for every 10 thousand taxibus
vehicles introduced, up to 60 thousand cars can be removed from the roads - il car
drivers can be persuaded to travel b_y taxibus. In terms of greenh()use gases, this
equates to 60 thousand carbon dioxide emitting engines being reduced to just 10
thousand (or reduced to zero if the taxibuses are powered by hydrogen fuel). There
are around a quarter of a million vehicles on the roads at any one time in Greater
London, the majority of these are private cars; therefore, introducing 2 modest fleet
of just 20 thousand taxibus vehicles could in theory remove 100 thousand private
cars from London's roads - this roughly translates to a twofold reduction in road
trallic. By doubling the size of this taxibus tleet, an incredible fourfold reduction in
traffic can be achieved. Would this traffic reduction manifest in reality, though?

Turning theory into reality means enticing car drivers to leave their cars at home
and travel by taxibus. Considerable eflorts should be made to make taxibus travel as
attractive as possible in order to seduce pe()plc away from their cars. However,
should global warming, air pollution and traffic congestion start to become really
critical pr()blems, then more coercive means of getting car drivers to switch to the
taxibus may be necessary. Such means may include running persuasive advertising
campaigns, increasing road and fuel tax, providing corporate tax incentives for
companies that champion taxibus usage, and so forth. It is believed that once the
public have got into the habit of travelling by taxibus, the car will be considered as a
little bit clumsy. Eventually no-one will want to return to their old driving habits,
especially when they see how trallic-free the roads have become.

Note: introducing a taxibus {leet might initially ierease the number of vehicles on
the roads, because to start with, the taxibus may attract bus passengers rather than
car drivers (the taxibus being viewed as a superior type of bus) and since taxibuses
g‘cnera”y have smaller passenger capacities than buses, there may be a net increase
in vehicles on the roads. However, even if the taxibus fleet were to entirely replace
the bus service, this net increase in vehicles would be small: each day in Greater
London there arc 4 million passenger journeys provided by a fleet of 6 thousand
buses; in order to accommodate these bus passengers a fleet of around 10 thousand
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taxibus vehicles would be necessary (see section 7.11), equating to a net increase of
4 thousand vehicles. This is an insignificant number compared to the quarter million
or so vehicles on the roads in Greater l.ondon at any one time; and once this surplus
of 'converts' from buses and other public transport are accommodated, the taxibus
flect can begin its job of cutting the number of cars on the roads.

Altogether, it is believed that the taxibus, plus the car pooling configuration of this
invention, will have tremendous impact in cutting carbon dioxide emissions,
especially if this invention is implemented in thousands of cities around the world.

Indeed, world-wide implcmcnration is the ultimate goal for this invention, and this
prospect is much more feasible than one might initially think. Though this invention
compriscs a sophisticated transport system run by computer and communications
technology, the beauty of this system is that all its intelligence and complexity is
contained within the controlling computer soltware rather than in transportation
hardware. Compared to the complex and costly physical infrastructures of railway
and underground railway transport networks, for example, the physical
infrastructure and hardware of this invention is very basic: it comprises just vehicles
and roads.

Since the nucleus of this invention is data-processing, once the softwarc is written, it
becomes easy to implement around the world. Most countries already have the
required cellular networks, and all countries are covered by satellite electronic
p()sitioning. With these inlrastructures already n placc, the compuler software that
runs this invention can be installed virtually anywhere. In developing countries,
even old and existing transport vehicles can be used as taxibuses, just by fixing an
inexpensive communicator device on the dashboard in front of the driver. This
invention is thercfore very 'third world friendly' and will operate with equal cfficacy
in London or Mexico City. Indeed the developing world's heavily polluted and
trattic congested cities stand to benefit the most from this invention.

Once the initial writing of the software that runs this invention is complete, this
invention can become the gl()bal solution to traffic Congcstion, parking Congcstion,
noise pollution, toxic air pollution and climate instability; this invention will provide
reliable rapid transport, improved business elficiency, better health, and a greatly
enriched quality of life around the world.
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8 - SECOND EMBODIMENT OF THE INVENTION

A second embodiment of the invention will now be described with reference to
tigures 5 and 7 in the accompanying drawings. In this embodiment, the controlling
computer system 15 1s decentralised and all data-processing is performed by
computer processors located within, or directly connected to, transit vehicle
communicator devices 20. In this embodiment, passenger communicator devices 17

and 18 also have some basic computer-processing capability.

In this embodiment, the data transmission system 16 comprises a radio transmission
system, or altcrnatively, a cellular telephone network, and is used to provide a two-
way data exchange between the communicator devices 17 and 18 of the travellers 19
and the communicator devices 20 of the transit vehicles 21 in which the computer
processors of the controlling computer system reside.

The electronic positioning system 22 in this embodiment is a satellite positioning
system such as the American GPS (Global Positioning System), the broadcast
positioning signal of which is received by GPS receivers contained in the vehicle
communicator devices (and optionally in passenger communicator devices). These
GPS receivers pass on this positioning data to the computer processor in the
communicator device. Note: this embodiment may alternatively operate with one or
more of the clectronic positioning systems described in section 9.22.

In this embodiment, the electronic street navigation module will function in a similar
manner to the existing in-car satellite navigation systems now commonplace in cars:
that is to say, it will usc electronic positioning data to determine the current location
of the transit vehicle, and by means of a digitised strect layout map, will provide the
vehicle driver with real-time navigation instructions based on this current location,
in order to guide the driver along a given itinerary.

8.1 - Computer Data-Processing Operations

Figure 7 shows transit vehicles 21 whose communicator devices 20 contain
computer processors labelled 15a, 156b and 15¢. These computer processors run
independently of each other, but perform the same data-processing tasks.

The data-processing performed by cach computer processor is very similar to that
already described in section 7.1 of the preferred embodiment of this Invention,
except lor the following differcnces:

In cach transit vehicle computer processor, the transit vehicle current itineraries
database contains only the transit vehicle record relating to that particular transit
vehicle.

In each transit vehicle computer processor, the journcy request database On]y

contains the journey request records of the travellers currently conveyed in that
particular transit vehicle, and the journcy request records of the travellers which
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that transit vehicle is committed to picking up (in other words, journcy request
records relating to the itinerary commitments of that transit vehicle). Furthermore,
this journey request database will only contain journey request records of class A, B
and C, that is to say, journcy requests for immediate travel (pre-order and regular
order journey requests are instead stored within the traveller's communicator
device, and simply executed and transmitted by that communicator device at the
date and time that the journey is required).

8.2 - Broadcasting to Transit Vehicles in the Traveller's Local Area

In this embodiment, the operation of the user interface on passenger communicator
devices and car pool driver communicator devices is just as the sequence of events
described in section 7.3 of the preferred embodiment.

When a prospective traveller 19 submits the journey request formulated on
communicator device 17, the journcy request data is directly broadcast by this
communicator device over the data transmission system 16, and is received by the
communicator devices 20 in transit vehicles 21 in the local area surrounding the
traveller (the journey request is received by transit vehicles that are within range of
the signal broadcast from the traveller's communicator device). The received
journey request data is passed on to the computer processors (labelled 15a, 15b, and
15¢ in figure 7) in the communicator devices 20 of the said transit vchicles.

Each transit vehicle computer processor will calculate whether the vehicle has
itinerary commitments compatible to the itinerary specified in the traveller's journey
request. This calculation is performed by an intelligent grouping module run on the
transit vehicle's computer processor; the result of this calculation is a Compatibility
Index value (plus, of course, the corresponding optimal transit route) measuring the
compatibility of the traveller itinerary to the transit vehicle's current itinerary
commitments. If this Compatibility Index is too large, it indicates insulficient
compatibility, and in this casc the traveller's journey request is simply ignored.
When this Compatibility Index is small (say below 1.6) it indicates that there is
good compatibility between the traveller itinerary and the transit vehicle's itinerary
commitments. In this case, the transit vehicle's communicator device will respond
by transmitting back to the traveller's communicator device (via the data
transmission system) data regarding the estimated time it would take for the transit
vehicle to arrive at the traveller's pick-up point, the estimated journey time aboard
the transit vehicle to the traveller's destination, and the calculated passenger fare
cost of this journey.
All transit vehicles that receive the traveller's broadcast journey request will
respond in this way when their computer processors calculate that there is good
comparibility between the traveller's desired itinerary and the vehicle's itinerary
commitments. The vehicle drivers themsclves are not involved or aware of this
process; the computer processor in each transit vehicle does this calculation
automatically. The traveller's communicator device collates the responses from the
transit vehicles that received the broadcast journey request, and then details these
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responses to the traveller. Based on these details, the traveller selects the most
suitable transit vehicle in order to proceed with his journey.

Usually, the prospective traveller will select the transit vehicle that can most quickly
arrive to collect him from his pick-up point, or the transit vehicle that can most
rapidly deliver him to his destination.

Note: an alternative approach is to arrange lor the computer processor in the
traveller's communicator device to automatically pre-select the quickest transit
vehicles, and only detail these transit vehicle options to the traveller.

Once the traveller selects a particular transit vehicle from the vehicle options
detailed on his communicator device, the traveller's communicator device transmits
his choice (over the data transmission system) to the appropriate transit vehicle.

I the vehicle selected was a taxibus, the computer processor of this taxibus will
update the current itinerary ol the transit vehicle (in the (ransit vehicle current
itineraries database) to the already-calculated new optimal transit route which
incorporates the traveller's itinerary. The clectronic street navigation module in the
computer processor of this taxibus will then provide the appropriate clectronic
strect navigation instructions to the taxibus driver to direct him along this optimal
transit route, thcreby rout’ing the taxibus to pick up and convey the traveller.

If the transit vehicle selected was a car pool vehicle, the computer processor of this
vehicle will first detail the desired journey request to the car driver on the vehicle's
communicator device. Remember in car pooling, the vehicle driver must be given
the option to accept or decline any journey request. Should the driver accept this
journey request (by pressing an appropriate key or button on his communicator
device), this acceptance response will be transmitted (over the data transmission
system) back to the traveller's communicator device in order to inform the traveller.
The computer processor in the car pool vehicle will then run an intelligent grouping
module (o devise an optimal transit route which incorporates the traveller's itinerary
into the itinerary of the vehicle. The electronic street navigation module in the car
pool vehicle's computer processor will then provide the appropriate electronic street
navigation instructions to the car driver to direct him along this optimal transit
route, lhcreby rou[ing the car p()ol vehicle to pick up and convey the traveller.

Note: a slight variation on the above-described embodiment has a computer
processor incorporared into the traveller's communicator device (o perf‘orm the
itinerary-compatibility calculation. Another variation on the above-described
embodiment has the itinerary compatibility calculations performed partly on the
traveller's computer processor, and partly on the vehicle's computer processor. In
tact it does not really matter where the computer processing is performed; the
principal characteristic of this embodiment of the invention is that there is no
central controlling computer system; all computational tasks are performed locally
rather than centrally. One advantage of this decentralised conliguration is
robustness: in the first embodiment of the invention, should the central controlling
computer system and its backup systems fail for any reason, then the whole
transportation system of this invention would fall into disarray. In this decentralised
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embodiment, any computer failure remains isolated and concerns only the traveller
or transit vehicle whose computer equipment has broken down.

Note: in section 7.16 above we explained how the controlling computer system of
the preferred embodiment of this invention could include existing public transport
modes (although such fixed-route transport is not, strictly speaking, an application
of this invention). This present embodiment of the invention can also work with
existing public transport vehicles such as buses, trains or trams, if they are fitted
with communicator devices and computer processors. When a prospective
passenger broadcasts his journey request (over the data transmission system), fixed-
route transport vehicles in the vicinity of the passenger will receive his broadcast
journcy request, and their computer processors will calculate whether the
passenger's journcy request is compatible with the itinerary of the transport vehicle.
If'it is not compatible, the journey request is ignored. When there is compatibility,
the transport vehicle communicator device will transmit data (over the data
transmission system) back to the passenger communicator device describing the
travel possibilities of that transport vehicle (data that includes details of how to get
to an appropriate embarkation point such as a bus stop in order to board the
vehicle). This transport option is then detailed on the passenger's communicator
device, and should the the passenger select this option, his communicator device will
provide directions to guide him to the embarkation point.

It would also be possible to incorporate fixed-location communicator devices in the
embarkation points (bus stops and train stations) rather than in transport vehicles:
each embarkation-point communicator device would respond to a passenger's
broadcast journey request if a suitable transport option is available at that point.

8.3 - Semi-Direct Radio Transmission

We have seen that, in this embodiment of the invention, there is a direct transmission
ol data (over the data transmission system) between vehicle and traveller
communicator devices. This contrasts to the [irst embodiment of the invention, in
which there is only an indirect transmission of data between vehicle and passenger
communicator devices, since in the first embodiment, all transmitted data is
mediated via the central controlling computer system.

In this second embodiment. it is feasible and advantagcous to use a vemi-direct radio
transmission between traveller and vehicle communicator devices. This semi-direct
transmission would be performed by a cellular telephone network. The usefulness of
this approach is that it allows travellers to use their regular cellular telephone as a
communicator device, which is very convenient. Transit vehicle communicator
devices would also operate by means of a cellular device.

A semi-direct cellular telephone data transmission system would operate as follows:
when a prospective traveller makes a journey request using his cellular telephone or
wircless PDA, the cellular network cell that reccived the journey request data from
the traveller would re-broadcast his journey request in that network cell's local area
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(this cell might also pass on the data to the adjacent network cells for re-broadcast
as well). This re-broadcast is performed in order to contact all transit vehicles in the
vicinity of the traveller: the communicator devices in such transit vehicles would
pick up this cellular re-broadcast. Setting up such a semi-direct data transmission
system would require the co-operation of the cellular telephone companies, but
technically it would be reasonably easy to do.

Note: this second embodiment of the invention could serve well as a l)ackup or
ancillary system to the central controlling computer system described in the first
embodiment. This would be particularly valuable for large taxibus fleets, to ensure
that they continuc to operate in the event of a central computer failure. Each
taxibus would be equipped with an on-board computer that functions under the
control of the central controlling computer system, but which also has the capacity
to work aulonomously should the central computer fail. This on-board computer
could also help handle routine tasks such as providing electronic street navigation
directions and navigation maps to the vehicle driver, thus dccreasing the central
computer's data-proccssing burden. Having the on-board computer autonomously
manage certain tasks is also useful in situations when contact between the central
controlling computer system and the vehicle is momentarily lost (when the vehicle
enters a long tunnel for example).

8.4 - Mesh Networks

One communications technology for data communications and cellular tclephony
that may be introduced in the future is called a 'mesh network'. Mesh networks
comprise countless short-range wireless transceivers that link to cach other by radio
to form a co-operaring web of data transceiver nodes. Mesh networks are superior
to the third-generation cellular networks that are currently being introduced, and
may also alleviate concerns over the effect of cellular telephone microwave radiation
on human health, since equipment connected to a mesh network broadcasts its radio
signals at a much lower power than conventional cellular equipment. Such low
power is feasible because mesh networks are formed from a web of locally-situated
transceiver nodes, and cach node can broadcast a very low power signal yet still
contact its ncighbours. Cellular phones, wireless PDAs, computers, and so forth,
which are equipped with an appropriate transceiver can automatically join and self-
configure to the local mesh network, and in addition, act to lurther extend the mesh
(this is how mesh networks grow automatically). Even equipment on the move,
such as cellular phones carried in vehicles, can sclf-configure on-the-{ly into the
local mesh network that the cellular phonc 1S passing through. Mesh networks are
an ideal data transmission system in both the central controlling computer
embodiment of this invention, and in this decentralised controlling computer
embodiment. In the decentralised setup in particular, mesh networks will allow
good communication between prospective travellers and the vehicles in the local
area. Furthermore, as we shall sec in section 9.92, mesh networks can be used (o
help increase the electronic positioning system's accuracy and coverage.
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9 - FURTHER ASPECTS OF THE EMBODIMENTS

Chapter 9 forms part of the description of the two embodiments above; the sections
in this chapter include miscellancous aspects that are common to both embodiments.

9.1 - The Intelligent Grouping Module

The intelligent grouping module is really the operational nucleus of this invention.
This module will comprise a computer algorithm or heuristic that implements the
process ol intelligent grouping defined in section 5.7. Within the scope of this
definition, there arc many ways in which the intelligent grouping module can be
mathcmzttica”‘y crafted and pl'ogr‘ammcd.

What follows is a general and somewhat intuitively-pitched description of certain
desirable features that the intelligent grouping module might incorporate, and how
this intelligent grouping module might handle certain important specific situations.

First of all, it must be understood that the intelligent grouping module will be
performing an enormous amount ol computational work during the normal
operation of this invention. Conscquently, it is crucially important to ensure that the
mathematical programming of the intelligent grouping module is as computationally
efficient as possible. In particular, the intelligent grouping module should be able to
make rough estimates of itinerary compatibility with minimal computational effort:
such an ability will enable the intelligent grouping module to rapidly scan for good
itinerary matches, and only when a few good matches have been found would a
more accurale itinerary compatibility calculation be applicd to these good matches,
in order (o arrive at a precise Compatibility Index value, and in order to devise

optimal transit routes.

The intelligent grouping module always seeks to produce the best intelligent
grouping possible, ideally ﬁnding a transit vehicle that can incorporate a traveller's
itinerary without adding any extra time costs whatsoever to the itincraries of the other
travellers aboard. This ideal solution will often be possible: as anyonc who drives a
car knows, between any two locations there are usually several alternative routes
that are more or less cqually time elficient. Thus when faced with a new traveller
journey request, the intelligent grouping module will first check if there arc any
transit vehicles that can accommodate the traveller simply by switching the vehicle
to an alternative route; such a transit vehicle could convey the new traveller without
incurring any delay to the journeys of existing on-board travellers. (Note that the
process of intelligent grouping described in section 5.7 automatically achieves this.)

This is the ideal case: new travellers are accommodated by an intelligent choice of
route, and no time is wasted. Flowever this perfect situation will not always present
itself, and in general there will be a time cost for picking up and transporting new
passengers. The intelligent grouping module decides whether this extra time cost is
acceptable or not, and this decision, though handled automatically, is carefully
weighed up. A huge diversion with a large time cost to pick up just one single
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passenger must be balanced by the inconvenience caused to the other travellers
alread_y on board the transit vehicle (and again the process of intc”igcnt grouping
described in section 5.7 automatically secks this balance). The intelligent grouping
module will need to be carefully fine-tuned in order to get this balance right, so as to
maximise overall transportation efficiency.

The overall performance of the transit vehicle fleet is a key consideration: balancing
the demands of routing efficiency against the need to pack as many travellers as
possible into cach transit vehicle. It must be understood that these two diflerent
demands can be in conllict, but may also be in harmony. The intelligent grouping
module aims for harmony: it tries to place travellers with highly compatible
itineraries into the same transit vehicle, so that good routing speed and efficiency
arc attained, even t,hough many travellers arc simultaneously transported. ltinerar_y
compatibility typically occurs when the embarkation and disembarkation points for
all travellers are reasonably aligned on a direct path, thus satisfying both the need
for routing efficiency and the need to convey a sufficient quantity of travellers.
Th()ugh Complcte accord between these two requirements will not always be
possible, the intelligent grouping module always aims to achieve it.

[n terms of the Compatibility Index and the Efficiency Ratios defined in section 5.7,
good accord between routing efficiency and passenger packing means having a low
value for this Compatibility Index (say less than 1.6), which indicates a good
routing cfliciency, but at the same time having many travellers (say six or more) on
board a transit vehicle, which translates to good passenger packing. (Note that it is
casy to obtain a low Compatibility Index for two or three people, but when we have
of 6 or more travellers on board, it is not so casy, and will not always be attained).

When good accord between routing efficiency and passenger packing cannot be
attained, the focus shifts to striking a balance between these two demands. This
compromisc will need to be carefully weighed up. It is important not to pack on too
many travellers, as this may result in an excessively high value for the Compatibility
Index of the transit vehicle, and a value greater than say 1.6 will not make these
travellers very happy because their journeys will be quite elongated. If a new
passenger would increase a transit vehicle's Compatibility Index to an unacceptably
high value, then it may be better to place that passenger on another transit vehicle,
if possible. On the other hand, it is important not to leave a passenger stranded: if’
there is only one transit vehicle currently in the vicinity of a new passenger, even
though that transit vehicle would need to run a significant diversion to pick him up,
it may be necessary to thus divert the vehicle in order not to leave this passenger
walling an unacceptably long time before the next suitable transit vehicle arrives.
These sorts of situations will typically occur in the small hours of the night, or in
smaller towns or rural areas, where there may not be so many transit vehicles
available. During the day, and in major cities, there will be numerous transit
vehicles, and the intelligent grouping module will rarely need to be concerned with
keeping a passenger waiting.

As well as the routing cfficiency and passenger packing balance, there is another

important balance that the intelligent grouping module must always take into
consideration: that between routing cfficiency and vehicle proximity. The intelligent
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grouping module aims to place new passengers in transit vehicles with the highest
itinerary compatibility; however it also tries to find a transit vehicle that is in close
proximity to the passenger, in order to have the transit vehicle arrive for pick up
within three minutes of the passenger making the journey request. These two
requirements may be in conflict. There may, lor example, be a transit vehicle whose
existing itincrary commitments can very casily accommodate the new passenger
itinerary, but whose current location is six minutes away from the passenger; there
may, however, be another transit vehicle whose it,inera.ry commitments are not such
a good match, but this vehicle is located just one minute away from the passenger.
The intelligent grouping module must make a balanced choice between keeping the
passenger waiting six minutes for the more compatible transit vehicle, or placing
him on board a transit vehicle within one minute, and accepting the compromise in
routing efficicncy (and therefore journey time). This balanced choice will be
affected by the passenger's own preferences: as described in section 7.12, each
passenger may choose whether the contro”ing computer system prioritises transit
vehicle speed of response (how quickly a vehicle arrives to pick him up) or transit
vehicle speed of journey (how quickly the passenger is delivered to his destination
once aboard the transit vehicle).

Another automatic yet balanced decision the intelligent grouping module must make
is whether to convey a passenger on a single transit vehicle, or split a passenger's
journcy using two or more different transit vehicles. This is discussed in section 9.2.

There will be many other balances that the intelligent grouping module
automatically takes into account. These various balances may have to be fined-tuned
on a trial and error basis: adjusting a little, and observing the cffect it has on overall
transit vehicle fleet performance (this is where a computer simulation of the transit
vehicle fleet becomes very useful).

Different routing techniques could be experimented with (o see which best
expedites the overall transportation process. For example, it is conceivable that the
technique of location clustering might specd up certain journeys. Location
clustering is the bunching of pick-up points and/or drop-off points within the same
small area. This might work well for suburban commuting, where a transit vehicle
will pick up passengers from a cluster of homes in a particular suburban region, run
all the way into the centre of town on a main road without stopping, and deliver
‘hese passengers directly to their various places of work, these places again
clustered in the same locale.

Another technique relates to travellers that have identical pick-up or drop-off
points: if these travellers also have compatible itineraries, placing them on the same
transit vehicle can further increase transit vehicle efficiency, because the vehicle will
have less individual pick-up or drop-off points on its route. (The process of
intelligent grouping described in section 5.7 will automatically orchestrate this,
especially il transit vehicle stop time is taken into account in the travel-time metric).

In section 5.7 we saw that for the best results in calculating optimal transit routes,
the intelligent grouping module must take into account not only the distance along a
route, but also the the speed at which a transit vehicle can traverse the various roads
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that comprise the route. Although such a traffic-speed travel-time metric is more
complicated to calculate, it yields many advantages. The complications come from
the need to estimate the speed at which a transit vehicle can travel on cach road.

A simple approach to estimating these speeds assumes that the transit vehicle will
travel at the speed limit of cach road traversed. Another simple approach - which
would work quite well in traffic congested cities -~ assumes that on all roads, the
transit vehicle will travel at the average traffic speed for that time of day (for
example average traltic speeds in suburban London are around 20 mph for most of
the day). A more sophisticated approach assumes the transit vehicle travels at the
average trathic speed of each particular road, for the particular time of day, these
average traflic speeds being calculated from previously recorded electronic
positioning data rececived from transit vehicles in the f{leet.

The most refined approach would use real-time electronic positioning data received
from the transit vehicles fleet to provide an up-to-the-moment analysis of the
current traffic speeds on all roads (see section 9.17 for more details). This last
approach is the one recommended, not only because it provides the most accurate
estimate ol traffic speeds, but more importantly, because it allows the intelligent
grouping module to automatically take any traffic jams into account when devising
optimal transit routes: i the current estimated traffic speed on a particular road is
very slow, then the intelligent grouping module would, by the delinition of the
optimal transit route, tend to avoid routing transit vehicles via that road until the
trathic situation improves. This means that the transit vehicles of this invention will
tend to pre-emptively avoid traflic jams.

Note that once the intelligent grouping module has grouped travellers in a transit
vehicle and has devised a optimal transit route for that vehicle, the task of directing
the transit vehicle driver along that route is delegated to the electronic strect
navigation module, which in the two embodiments of this invention, operates in a
similar fashion to in-car satellite navigation systems that are familiar to many
drivers. With the electronic strect navigation module in control, should the vehicle
driver want to change course slightly (in order to avoid a small traftic jam for
example), or should the driver simply make a routing mistake, the clectronic street
navigation module will adapt to, and continue from, his new position and
circumstances (such adaptability and flexibility is one of the useful features of in-car
satellite navigation systems, as any driver that has used one knows).

However should there be, for whatever reason, a large change in circumstances
such that the transit vehicle gets significantly displaced from the original optimal
transit route, then, with respect to this transit vehicle's displaced current position,
the original optimal transit route may no longer be the most efficient way of
transporting the transit vehicle's passengers. So rather than letting the electronic
street navigation module try to adapt to the highly displaced position, instead, the
intelligent grouping module will momentarily step in to re-optimise the transit
vehicle's route. After the intelligent grouping module has devised a new optimal
transit route for the vehicle, based on its displaced position, the electronic street
navigation module will proceed as normal, directing the transit vehicle along that
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new optimal transit route.

This route re-optimisation would be set to kick-in automatically whenever a transit
vehicle becomes significantly displaced from its intended route. Thus, provided a
transit vehicle keeps close to the optimal transit route originally devised by the
intelligent grouping module, transit vehicle navigation will remain under control of
the electronic street navigation module; but should a transit vehicle, for whatever
reason, significantly deviate {rom this optimal transit route, this will trigger the
intclligent grouping module (o step in and re-optimise that transit vehicle's route.

Such re-optimisation may mean, for example, that the transit vehicle will be given a
new pat'h to follow, and may also mean that it will be instructed to pick up and drop
off' its passengers in a diflerent sequence. Re-optimisation might also entail that one
or more passcnger pick—ups plzmncd for that transit vehicle are now cancelled, with
those waiting passengers now collected by another transit vehicle, the intelligent
grouping module hzlving calculated that, under the present circumstances, this is the

most cfficient way to convey them.

Re-optimisation would also be set to trigger in other significant circumstances, such
as when a transit vchicle gets delayed for a long time due to heavy traffic, or when
the traffic congestion conditions (as determined by the real-time traftic speeds
module described in section 9.17) have significantly deteriorated ahead along the
current optimal transit route of the transit vehicle, now making that route less than

optimal.

This complex juggling of circumstances is performed automatically in order to
maximise the overall speed and efficiency of the transit vehicle fleet; transit vehicle
drivers themselves are not involved (or aware of) this process. It is the controlling
computer system that sweats; the transit vehicle drivers merely follow the resulting
navigational instructions shown on their vehicle communicator device.

In summary: this section has considered some desirable features that the intelligent
grouping module might have. However this is not an exhaustive survey, and further
performance-enhancing leatures may be added. The beauty of this invention is that
when performance improvements are made to the intelligent grouping module, these
instantly alter the operation of the whole transit vehicle fleet. It is anticipated that
the mathematical operation of the intelligent grouping module will be perfected over
a period of many years. Each city in the world that implements this invention can
cmp]oy mathematicians and software cnginecrs to try to further increase the
transportation clliciency of the intelligent grouping module: the great virtue of this
invention is that any new performance-enhancing features devised can be easily
implemented in other cities, just as a software upgrade.
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9.2 - Split Journeys

Split journcy are an optional addition to the basic functionality of the intelligent
grouping module. Should this functionality be included, then when the intelligent
grouping module cannot find a suitable transit vehicle for a given passenger
itinerary, the module may divide the passenger's journey into two (or more) legs
utilising whatever transit vehicles are available at the time.

In such a split journey, the controlling computer system will arrange {or one transit
vehicle to pick up the passenger and convey him along part of his itinerary, alter
which the passenger will be set down at a convenient transfer point, from where a
secona transit vehicle will collect him for the second leg of his journey to his

destination.

The controlling computer system will actually be scarching for the second transit
vehicle whilst the passenger is still travelling on the first, thus on most occasions,
passenger transter will take place with minimal waiting time for the connecting
vehicle, and on some occasions the first and second vehicle may cven arrive at the

transfer point more-or-less simultaneously.

The decision to divide a passenger's journey on separate transit vehicles is taken
automatically by the intelligent grouping module. The intelligent grouping module
tries to find a transit vehicle that can take the passenger directly to his destination,
but if no such vehicle can be found in reasonable time, the journcy may be split into
two or more different legs. The general strategy is to get a transit vehicle to the
passenger as soon as possible, both for reasons of transport speed, and so as not to
keep the passenger waiting. Split journey will usually only occur on longer trips
such as inter-city journeys; shorter journeys within a city will tend to be direct.

Travellers who dislike split journcys can be given the option to specify on their
journcy request that split journeys are to be avoided if possible, even if it means
waiting longer to find a suitable transit vehicle.

Should this invention incorporate existing public transport (as described in section
7.17) so that the controlling computer system has real-time knowledge of the
current location, routing, and destination of all participating existing public
transport vehicles, then there is scope to split a passenger's journcy across different
travel modes; such an integrated system would rarely leave a prospective passcnger
waiting long.

9.3 - Quasi Door-to-Door Taxibus Service

Traditional public transport generally has its access points on main streets in the
form of train stations and bus stops. Ilowever the taxibus is a unique form of mass
transport which distributes its passenger pick-up and drop-off points more widely
across smaller roads and residential arcas as well as on main streets. This strategy, it
is believed, will provide improved transportation efficiency, even it some time is lost
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by taxibus vehicle excursions into the back-streets.

We present here some variations on this strategy that may help further streamline

taxibus travel.

The taxibus conveys passengers on a door-to-door or point-to-point basis, and so a
certain portion of its journey will be spent in excursions into residential or other
back-street areas to pick up or drop off passengers. The intelligent grouping module
always tries to streamline these excursions so that any diversion into the back-
streets to pick up or drop ofl a passenger can also act as a short-cut or cut-through
on the overall taxibus route. However, not all back-street excursions can be made to
double up as short cuts, and some excursions will slow down the taxibus journcy.

One way to eliminate this slow down, and to further strecamline overall
transportation efficiency, is by confining all taxibus routing to main roads and larger
streets (Just as with regular buses), with passenger drop-olfs and pick-ups taking
place exclusively on these main roads. This confinement to larger streets would be
controlled by the intelligent grouping module, which would create optimal transit
routes that avoided the back-streets. This quasi door-to-door taxibus is considerably
more convenient and flexible than a regular bus service because it still allows
complete customisation of travel route according to cach passenger's personal
itinerary; each main street would have several taxibus stops containing a kiosk
communicator device into which passengers can enter their journey request, and at
which they can wait lor their requested taxibus to arrive; it just means that
passengers must walk to a taxibus stop on the nearest main road to catch a taxibus,
and on disembarkation, it means that passengers will r_ypica“y need to walk the last
tew hundred metres to their destination. One clear advantage of such taxibus stops
is that, with passengers congregated in the street at such points, the taxibus will
perform less individual passenger pick-ups and drop offs, as there will tend to be
several passengers boarding and alighting together. This will speed up the taxibus
since there will be a reduced number of passenger stops en route. Furthermore, by
tending to pick up passengers in such batches, it becomes feasible (and necessary)
to use larger capacity taxibus vehicles, thus further increasing the fleet efficiency.

A hybrid between the quasi taxibus and the true taxibus service is also conceptually
possible, and is indeed an excellent compromise between efficiency of the former
and the convenience of the latter. In this hybrid system, the taxibus picks up
passengers directly from their current location (such as the home or office) as usual,
but drops off passengers on main streets, so that passengers may need to walk the
final few hundred metres to their destination. This sensible compromise will be
especially uselul near one-way systems and cul-de-sacs, where a taxibus might
otherwise have to make a large diversion in order to deliver a single passenger.
Indeed this hybrid system might advantageously be set to operate only at such
awkward destinations as one-way systems and cul-de-sacs.
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9.4 - Manual Hailing of Taxibus Vehicles

[t may be feasible to allow prospective passengers in the street to manually hail a
taxibus, just like hailing a taxi cab, thus boarding the vehicle without having to use

a communicator device. Since the outside display screen at the front of each taxibus
exhibits the principal points on the vehicle's route, should a taxibus be spotted that
is headed in the right direction, a passenger can flag it down and jump aboard. Once
on board, this passenger will be able to enter his desired destination into an on-
board kiosk communicator device located within the vehicle (an on-board kiosk
communicator device must be installed in the taxibus if manual hailing passengers
are to be accommodated). If his exact destination is compatible with the existing
itinerary commitments ol the taxibus, the controlling computer system will accept
his request and the taxibus will deliver him to the door. If not, the taxibus will take
him as close as possible to his destination, after which the contro“ing computer
system can arrange {or the passenger to be transferred to another taxibus for
completion of his journey, or clse the passenger can just walk the remaining distance

it he prelers.

9.5 - Passenger Fare Metering and Calculation

Taxibus and car pool travel can be further streamlined by arranging for the
contm“ing computer system (o automatica”_y calculate and lev_y the fare charge as
passengers enter the vehicle. This means that neither passenger nor vehicle driver
nced be concerned with handling cash, issuing tickets or checking travel passes,
thus facilitating rapid boarding of the transit vehicle, and making taxibus and car
pool travel delightfully simple. For car pooling in particular, automatic fare
charging is highly desirable, since the driver of a private car is unlikely to want to
tumble around with coins and change.

A system ol automatic farc charging requires some means of calculating and levying
the fare, and there are several ways that the controlling computer system can do
this. The simplest way uses data from the passenger's original journey request. This
Journey request includes all the relevant details: embarkation and destination points,
the number of passengers travelling, and the amount of luggage carried. With this
data, the controlling computer system can calculate the exact fare cost of the
passenger's journcy based on the distance between his embarkation and destination
points, and charge this fare to the passenger's system-administered monctary
account.

On its own, however, this system of calculating and levying fares is not foolproof: it
is based on the passenger's journey request, but there needs to be some method of
verifying that the passenger was actually picked up and conveyed in accordance
with this request betore the charge is levied on the passenger. This is particularly
neccessary in car pooling, otherwise a car pool driver could accept a passcnger
journcy request, automatically receive payment for providing carriage, but not
actually bother to pick up and deliver his passenger.
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In car pooling, perhaps the easiest way of verifying that an accepted journey request
has actually been carried out is by examining the electronic positioning data coming
from the communicator device in the car pool vehicle. Using this data, the
controlling computer system can determine whether the car pool vehicle did indeed
travel to the passenger pick-up point and did indeed travel to the passenger
destination point. This is ample evidence for verification. Remember: there is not
much scope for dishonesty in this system since all drivers are registered on the
controlling computer system, and should a driver engage in unrehiable or deceitful
practices, his passengers' complaints would rapidly expose him, and he would be
banned from using the transportation system of this invention.

In taxibus travel, the concern is not so much whether the taxibus arrives to pick up
the passenger, but whether at the pick-up point, some person other than the
passenger climbs aboard, either in an attempt to gain a free ride, or simply just in
error, and the taxibus departs with the actual fare-paying passenger left behind.
However if this does happen, the passenger that was left behind can contact a
human operator at the control centre of this invention and explain the situation:
this operator would hastily arrange for another taxibus to pick up the stranded
passenger, and the operator would also contact the driver of the first taxibus vehicle
and ask him to investigate what has happened.

Another concern is that a group of passengers travelling together might try to enter
a taxibus, when only one passenger is specified on the journey request, in order that
the other members of the group can avoid pz\ying for their travel. However, this
situation should easily be spotted by the taxibus driver, whose is responsible for
ensuring that the correct number of passengers board (and alight) the taxibus at
any stop point.

A more robust method of verifying that the correct passengers have boarded a
taxibus (or car pool) vehicle would employ the smart card technology mentioned in
section 7.7. With such techn()logy, the passenger would kccp his personal smart
card in his wallet or purse, and this card would be remotely scanned by a card
reader in the vehicle communicator device as the passenger boards, thus confirming
a correct pick-up, and therefore verilying that the fare charge could be levied on the
passcenger.

Another means of veritying passenger pick-up is possible when the passenger
carries a cellular telephone or wireless PDA communicator device: it is quite
feasible for this phone or PDA to automatically exchange data with the transit
vehicle communicator device to establish that the passenger has boarded. This data
exchange could be facilitated by an infrared or a short-range wireless data link
(many cellular telephones and wircless PIDAs have infrared or short-range wireless
data link capabilities). This method of verification may not always work, however,
because passengers may have their phones turned off, or their phones may have run
out of baltery power.

Automatic fare calculation can even be applied when a taxibus is hailed in the street:

passengers that manually hail a taxibus will specify their journey request at an on-
board kiosk communicator devicc local'cd inside the taxibus vchiclc; if‘thc passcnger
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1s a registered user, his system-administered monetary account will be debited in the
normal way; if the passenger is not a registered user of this invention, he will specify
his journey request at the on-board kiosk, and pay for the trip by swiping his credit
or banker's card at this kiosk.

9.6 - Groups of Passengers Travelling Together

Group travel by taxibus or car pool is very straightforward when each person in the
group 1s a registered user and carries his or her own communicator device: cach
person simply makes an individual journcy request to the same destination at more
or less the same time. On receiving these multiple requests arising from the same
geographic location, the controlling computer system will automatically try to place
these people on board the same transit vehicle or vehicles - simply because that is
the most efficient way to transport them.

Another way that a group of registered users can travel is by nominating a group
lcader: all members of the group must enfer the user name of the leader into their
communicator devices to inform the cont'r()“ing computer system that they arc
members ol one group, and that their leader is the user specified. Should some
group members not have communicator devices, this does not present a pmblem,
since these people can borrow a communicator device from one of their lellow
travellers, log into their own system account (see section 9.7) by entering their user
name and password, and then, like everybody else, enter the user name ol the group
lcader. Once the group is thus defined to the conlro”ing computer system, the
leader can enter a single journey request for the group, and the controlling
computer system will send a transit vehicle to transport the whole ensemble.

Group travel can be arranged more simply by one user making a journey request
which includes details of the number of passenger seats required. On receiving such
a request, the controlling computer system will send a taxibus vehicle with suflicient
capacity to transport this number of people. The controlling computer system will
chargc the entire group fare to the user who made the journcy request, and thus this
user may need to be reimbursed by the group. This method of group travel,
however, introduces a sccurity breach: when several passengers travel under one
user's system account, although the identity of this user will be known to the
controlling computer system, the identities of the other passengers will not. Car pool
drivers that are concerned with security may prefer to avoid groups travelling under
onc system account.

Another form of group travel occurs when one passenger orders a taxibus journey
to a specified destination, but would like his taxibus vehicle pick up a friend on the
way, so that rhcy can travel logethcr to the same destination. It would be p()ssiblc to
include this sort of group travel option (but note that it would only be available to a
passenger when the friend's address is located more or less on the way to the
destination - the controlling computer system would reject the request otherwise).
Of course this sort of group travel is more simply achieved by first taking a taxibus
to the friend's address, alighting, and subsequently ordering a second taxibus to
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convey both travellers to the desired destination.

In general, group travel is a very efficient use of the taxibus: groups tend to board
or alighl together, which means that the transit vehicle has less pick-up and drop-off

points on its route to slow it down.

9.7 - Registering with the Controlling Computer System

To apply to become a registered user on the files of the controlling computer
system and thus gain access to taxibus and car pool travel, some personal details
must {irst be provided, such as the applicant's name, date of birth, sex, home
address, driver's licence number, telephone number, email address, occupation,
banking and credit details. For security reasons, this data will be validated to ensure
that the details are correct. Once validated, the applicant will be set up with a
system account (which includes a system-administered monetary account), and a
user name and password that enables him or her to access this system account, and
to make use of all the transport facilities of this invention. Users would usually nced
to transfer funds to their s‘ystcm-administercd monetary account before they can

travel as a passenger.

As well as travelling as a passenger in taxibus and car pool vehicles, the same
system account will also allow the registered user to act as a car pool driver
(provided he or she meets certain requirements which are discussed in section 9.9).

Note that since a registered user's system account incorporates a monetary account
within it, there are certain security considerations that must be fully examined.
Although the user name and password scheme just mentioned is reasonably secure,
it may be deemed necessary to include additional security measures such as 1ssuing
each user with a unique smart card which is automatically read by the transit
vehicle communicator device when the user begins a journey, and thus
automarically identifies the passenger to the C()ntro”ing computer system. Smart
cards would also be helpful at roadside kiosk communicator devices: the smart card
could be read by the kiosk, thus identilying the user to the controlling computer
system without him needing to enter his user name. Smart cards are bricfly
discussed in sections 7.7 and 9.5.

9.8 - Security and Safety in Taxibus Travel

The electronic navigation taxibus is probably the safest means ol public transport
ever devised, offering more personal security than even the private car. This 1s
because it provides a door-to-door service overseen by a prolessional driver, and
because all details of all taxibus journeys are logged on the controlling computer
system. These details include the identities of the driver and all fellow passengers,
the exact route traversed b_y the taxibus, the place and time cach passengcer boarded
and alighted, and for extra safety, video surveillance inside the taxibus.
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In addition, the controlling computer system will keep a security file for cach
regisicred user. Any reported incidents of anti-social behaviour will be recorded on
the user's file, and if any particular user is implicated too frequently in such
incidents, he or she would be banned from using the transportation system of this
invention for a certain number of months. Just the possibility of a ban should be an
incentive to maintain proper personal conduct in the taxibus.

Some passengers may be a little worried b_y that fact that the taxibus (and a car poo]
vehicle) drops them of right outside their house, thereby indicating to fellow
travellers where they live. However, there is a simple solution for this concern about
privacy: instead of specifying their exact home address as their travel destination,
such passengers can specify an address which is say just a hundred metres away
from their home, perhaps in [ront of a local shop or similar location. The conlro”ing
computer system would then automzuica”y direct the taxibus to drop the passenger
off at the specified point.

9.9 - Security and Safety in Car Pool Travel

In car pooling the inherent security again arises from the fact that the identity of all
passcngers and drivers is always known to the contro”ing computer system, The
Contr()“ing computer system will kcep a l()g of all journcys and maintain a history of
who has been travelling with whom. In a regular taxi cab or mini cab journey,
neither the driver's nor the passenger's identity is known, nor is the journey logged,
so car pooling is in many ways saler than a taxi ride.

Should it be considered nccessary, there are various other practicable means of
increasing security. For cxamplc, the Contro“ing computer system could monitor car
pool journeys in real time as they progress to their destinations. Any inexplicable
deviation from the intended passenger destination will flag an alert to a human
operator at the control centre of this invention. The operator might then phone the
driver or passenger to find out why there was a deviation from the intended route,
and could contact the police if any suspicious circumstances were encountered - the
location of the passenger and driver will be known through the incoming electronic
positioning data. As electronic equipment becomes cheaper, it may be feasible to
incorporate a small audio and video surveillance camera within the communicator
devices fitted in car pool vehicles. Though many people may feel that video
surveillance during car pooling is too intrusive, it must be remembered that such
surveillance systems are alrcady in operational on most public transport in the UK.

Regarding security factors at passenger pick-up point: the car pool driver is always
in his rights to decline providing carriage after spotting his passenger in the street.
Perhaps the passenger has a demeanour that makes the driver {cel apprehensive. In
this case, the driver could keep his doors locked and drive away. The driver might
wish to telephonce an operator at the control centre to explain why he declined the
pick-up; the operator may decide to tclcphonc the passenger in question to assess
the situation. Should there be a genuine cause for concern (say for example the
prospective passenger sounded aggressively drunk when the operator called) the
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operator could put a temporary bar (say for 6 hours) on that passenger's system
account, allowing him access to taxibus and other public transport, but preventing
{urther access to pool car travel during that time.

In relation to the personal saf‘cty of women lra,velling solo: both women car pool
drivers, and women car pool passengers, will be able to indicate on their
communicator devices that they only wish to travel with other women. This option
nced not always be used; it could be selected just at certain times such as, for
example, late at night.

In cases of unpleasant incidents in car pooling, or cven milder circumstances such as
personality clashes or just plain irritation with a particular person, it will be possible
[or either party to request that the controlling computer system never groups them
both together in the same vehicle in future.

Having mentioned all these issues in relation to security, evidence from the United
States, which has been running car pooling on freeways lor some time now,
suggests that unpleasant incidents are actually very rare.

As for driving skills and road safety, to help ensure a good standard of driving, all
car pool drivers would be required to have a reasonably clean drivers licence, a
minimum age of 25, and minimum of 5 years driving experience. The controlling
computer system itsell’ will automatically monitor all drivers engaged car pooling:
using real-time electronic positioning data it will calculate vehicle speeds, and will
check for any excessive speeding. Any driver found (o be consistently speeding
whilst carrying car pool passengers might receive some warning regarding his
dangerous driving, and would be banned {rom car pooling lor a period of time if
these warnings were not heeded.

In the case of lost property left in a car pool vehicle, since the controlling computer
system logs all journcys and knows who has been travelling with whom, it would be
possible to obtain the email address or telephone number of the appropriate driver
or passenger in these situations. Similarly in taxibus travel, any lost property will be
easily returned to its owner since most taxibus passengers will be registered users,
with their journeys logged on the controlling computer system.

9.10 - Theft or Disclosure of a Registered User's Password and User Name

Theft or disclosure of a user name and password to a third party involves two
security issues: onc is that the third party will be able to travel using funds from this
user's system-administered monetary account; and another is that the third party
will be travelling under a false identity, thus breaching the inherent security of
taxibus and car pool travel, which is based on knowing the identitics of all
travellers. It is therefore important for users to keep their passwords completely
secret, and to change their password if they suspect someone else knows it.

It reality, though, it would be very difficult for a thiel to make much use of a
someone else's user name and password. Since the controlling computer system
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monitors all journeys, the thiel may manage a free ride on a taxibus - and then find
the transport police waiting for him at his destination. Even if the thief evades the
police on that occasion, all taxibus vehicles have video surveillance on board, and all
journe_ys are logged on the contro”ing computer system, so it will not take l()ng for
the transport police to catch him. If you were a thiel, would you fecl comfortable
travelling using a stolen user identity, knowing that your journeys will be logged
and videoed, and that the controlling computer system will alert the transport police
to your cvery movement? Such is the intrinsic security of this invention, that even
when user identities are stolen, its salety and integrity are barely compromised.

9.11 - Passengers Carrying Luggage

In taxibus travel it is thought that there should be no extra charge for carrying
goods or luggage - in keeping with most other forms of public transport. Most
taxibus vehicles will contain enough space to accommodate passengers carrying a
suitcase or several bags of supermarket shopping. However, smaller taxibus vehicles
will possess only a limited amount of luggage space, and may not be able to
accommodate a group of passengers if each is carrying bulky luggage. Nevertheless,
it such a group of passengers indicate in their initial journey request that they have
heavy lugguge, the C()ntrolling computer system will automatically deploy a
sufficiently spacious taxibus to transport them.

[n car pooling, passengers with weighty luggage are charged a little extra, and the
car pool driver will receive a slightly larger fee to compensate for his trouble.
Passengers should indicate that they have luggage when the initial journey request
1s made, so that the Contro“ing computer system can supply acar p()ol vehicle with
sufficient space.

9.12 - Pick-up Delay Charge

Passengers who make a journey request for a car pool or taxibus vehicle, but who
are not ready to leave when the vehicle arrives, will automatically be charged a
small fine for every minute that they keep the transit vehicle waiting. The
controlling computer system will know when the transit vehicle has arrived at the
passenger pick-up point from the incoming electronic positioning data it receives
from the communicator device on the vehicle. Once the vehicle arrives at the
passenger's pick-up point, the controlling computer system begins the delay-charge
timer. Any delay in boarding that is longer than one minute will incur a fine, levied
on that passenger's monetary account (the controlling computer system will make
the car pool driver or taxibus operator the direct benefactor of this fine). This finc
will gently encourage passengers to be prompt for pick-up. Pick-up delays not only
inconvenicnce the driver and other passengers, but the_y also equate to a waiting
transit vehicle in the road that may be partially blocking the thoroughfare. Should a
taxibus or car pool vehicle arrive at the pick-up point and find that the passenger is
still not ready to go even alter waiting a few minutes {or him, the controlling
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computer system will instruct the driver of the transit vehicle 1o leave without the
passenger. That passenger will incur a fine equal to the minimum fare charge {or
travel in that transit vehicle, and will have (o resubmit his journey request to the
controlling computer system il he still requires transit. When a passenger frequently
causes delays through his or her lack of punctuality, he or she may be barred from
using taxibus and car pool transportation for a period of time.

Quick and efticient passenger pick-ups are important to the smooth functioning of
this invention. The waiting passenger's communicator device will gencrally provide
a countdown to the estimated time of arrival of his requested car pool or taxibus
vehicle, so the passenger can have little excuse not to be rea(.l_y.

9.13 - Cancelling a Journey Request before the Transit Vehicle Arrives

A prospective passenger can cancel any journcy request he has made, even after the
controlling computer system has alrcady diverted a vehicle to collect him. owever
a small finc is automatically levied on that passenger to discourage this type of
capricious behaviour; the charge being paid directly into the system-administered
monctary account of the diverted car pool driver or taxibus operator by way ol
compensation. The amount of the fine would depend on how far the vehicle has
alrcady diverted at the time of cancellation; the maximum possible fine being equal
to the minimum fare charge for that transit vehicle.

9.14 - Passenger en Route Cancels his Journey or Changes his Itinerary

A passenger may at any time ask a car pool or taxibus driver to stop and drop him
off. The driver of the vehicle would submit a cancellation request on the vehicle's
communicator device. On receiving this cancellation request the controlling
computer system will cancel this passenger's journcy request, and will update the
routing ol the transit vehicle (the transit vehicle will no longer need to navigate to
that passenger's destination). The controlling com puter system will only charge the
passcnger for the proport‘ion of the j()urney trave“cd, or the minimum l'arc,
whichever is larger. To determine the proportion of the journey travelled, the
controlling computer system uses the current location of the transit vehicle at the
time ol cancellation (this location is derived {rom the clectronic positioning system).

Should a passenger en route want to entirely change his destination, he can alight as
described above and submit a new journey request on his communicator device.

Altcrna(ively, and more convcnicntly, tlwc passenger can submit thc new journey
request on his own communicator device whilst still on board the [irst transit
vehicle, or using an on-board kiosk communicator device located within the vehicle.
Since the controlling computer system knows that the passenger is currently
journeying on board a transit vehicle, the controlling computer system will
recognise that the passenger wants to cancel his current journey and change his
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destination to that specified on the new journey request. The controlling computer
system may keep the passenger on the first transit vehicle for a while until another
transit vehicle is found to take the passenger to his new destination; at which point
the controlling computer system will prompt the passenger to alight, and will
instruct the passenger to wait for the other transit vehicle to arrive.

9.15 - Considerations to the Car Pool Driver

This invention operates in a way that is always very considerate to the car pool
driver, making sure that he or she is not inconvenienced when conveying a
passenger. The intelligent grouping module will only attempt to place a passenger in
a car pool vehicle when the passenger's itinerary 1s highly compatible with the
driver's existing itinerary; the driver will thus only need to make a small deviation
from his own route in order to convey this passenger. The controlling computer
system even calculates, and details on the vehicle's communicator device, the
estimated extra time in minutes that will be added to the the driver's own journey if
he decides to convey the passenger: this extra time is called the estimated diversion
time. Using the estimated diversion time, the driver can decide whether giving
carriage to the prospective passenger will fit into his time schedule. No pressure
whatsocver is placed on car pool drivers to carry passengers; drivers may provide
carriage according to their mood and schedule.

Whilst carrying a passenger, should a car pool driver have a sudden change of plan
and thus become unable to take the passenger to his destination, that driver is fully
within his rights to cancel the journey. On receiving such a cancellation the
controlling computer system will instruct the driver to drop the passenger off at the
next convenient point. The passenger will not be charged for this aborted journey
and the controlling computer system will assign high priority to finding the
passenger an alternative means of transport, perhaps in another car pool vehicle, or
n a taxibus.

This courtesy and flexibility that the controlling computer system extends towards
car poo| drivers is designed to encourage them to convey passengers frequently.

9.16 - Ambiguous Passenger Position

Passenger communicator devices would advantageously be equipped with electronic
positioning functionality so that the controlling computer system can automatically
determine a prospective passenger's current address location without the passenger
needing to specify it explicitly. This is a very usetul feature which will function
perfectly well on most occasions. For example, when a prospective passenger
located on a street pavement makes a journey request on a communicator device
equipped with electronic positioning, the controlling computer system will have no
problem determining the nearest corresponding address location to that passenger.
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However when such a journey request is made from within a house or office, an
ambiguity in location may sometimes arise due to the fact that some buildings may
straddle several streets. This ambiguity must be resolved, because the controlling
computer system needs to know the street address to which the transit vehicle must
be sent for passenger pick-up.

When there is an ambiguity in the address, the controlling computer system will
detail on the passenger's communicator device the various street addresses that
surround the building in which the passenger is located, and the passenger must
select the right address. Alternatively the passenger can exit the building and submit
his journey request at the precise spot in the street at which he wants (o be picked
up.

Should a passenger make a journey request from an inappropriate point (for
cxample, from an oll-road location that is inaccessible to ordinary vehicles) then the
controlling computer system will deny the journey request, since no vehicle would
be able reach that passenger. The controlling computer system will however advise
the passenger where the nearest road is located, and once the passenger has
relocated himsell to such a road (by means of electronic navigation directions
supplied by the controlling computer system, if necessary) then the passenger's
j()urncy request will be acccplcd.

One scheme that would eliminate passenger pick-up point ambiguity involves a
serics of pre-defined passenger pick-up (and optionally set-down) points placed
throughout the region in which this invention operates. These pre-defined pick-up
points would be closely spaced, say at 25 metre intervals along every road, and
could be indicated by markings painted on the road or pavement, or painted on
lampposts, with each such pre-defined point clearly displaying a unique pick-up
point reference code (such as, for example, the house-number/postcode
combination for that street location); when making a journey request, using this
pick-up point reference code would eliminate pick-up point am biguity. Note: a
similar scheme called road coding is discussed in section 9.22.

9.17 - Real-Time Traffic Speed Module

Once a sulhicient quantity of transit vehicles are in operation in a city or similar
region, it will be possible to assess the current average vehicle speeds on all roads.
This is achieved by a real-time traffic speed module which runs on the controlling
computer system and examines incoming electronic positioning data [rom all transit
vehicles in order to estimate current traffic speeds. This module has the ability to
automatically detect any roads with traftic jams or traffic blockages because the
transit vehicle speeds, as calculated from their electronic positioning data, would be
slow or stationary on these roads.

The real-time traffic speed module operates using a digitised street layout map.

Each time a transit vehicle traverses a stretch of road, the real-time tratfic speed
module will use incoming clectronic positioning data [rom that vehicle to plot the
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vehicle's progress; by noting the time the transit vehicle takes to cover a known
length of road, the module can determine the transit vehicle's speed on that road.
Working on the assumption that transit vehicles travel at the prevailing trallic speed
(when not picking up or dropping off passengers), the real-time traffic speed
module can estimate the prevailing traffic speed on each road in the city.

When a large (lect of transit vehicles are operating in a city, one would expect
several transit vehicles to traverse a typical city street in each ten-minute period.
IFor every stretch of r()ad, the real-time traffic spccd module averages the transit
vehicle speed values it receives over this time period to provide a constantly updated
road-by-road city-wide map of the prevailing traffic speeds.

For roads on which transit vehicles run only infrequently, the real-time traffic specd
module would use other methods to estimate prevailing trattic speeds (for example,
it a road only infrequently has transit vehicles running along it, then one might
assume that this road has very little traffic in general, meaning that any vehicle on it
will be able to travel at the speed limit of the road).

With this real-time traffic speed data at its disposal, the controlling computer system
will be able to automatically re-route its vehicles away from blocked or heavily
congested roads, thus avoiding delays, and also relieving the traffic burden at these
already-congested points (sec section 9.1 for details).

9.18 - Predictive Crowd Convergence

Occasionally, at large public events such as sports fixtures or music concerts, an
unexpectedly huge crowd ol people arrive, the sheer numbers of which place event
organisers and the police under sudden strain. With existing transport systems, no
advanced warning ol such a rapid convergence of people is generally available.
However with this invention, the controlling computer system can examine all
traveller itineraries to create a numerical analysis of the passenger journcys being
undertaken, from which it would be possible to predict any unusually large crowd
convergence in a particular location. The controlling computer system could supply
advanced warning of any large influxes of people to the police, who could promptly
deploy more personnel to help cope with the crowds.

9.19 - Street Navigation Facility Always Available

In this invention, an clectronic street navigation module is used to direct drivers of
transit vehicles who are conveying passengers. However this electronic street
navigation facility could also be made available at other times, so that any driver or
pedestrian can use any communicator device equipped with electronic positioning to
get precise street navigation directions to any address at any time. Since most
cellular telephones will be equipped with clectronic positioning in the future, this
useful extra feature would be quite straightforward to implement.
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9.20 - Current Location Address Sampling

To facilitate casy saving of address locations, it is thought that communicator
devices with built-in electronic positioning should have a grab current address
function. On activating this function, the controlling computer will work out the
current location address, based on the electronic positioning data, and will store this
address as a personal travel location. This is a very useful feature: for example,
when visiting any given location, a user can effortlessly grab the address whilst
there, and save it for future use.

9.21 - The Sel{-Drive Transit Vehicle

Here we present a way of cheaply extending the taxibus fleet, and obtaining transit
vehicle drivers completely for free. This is achicved by introducing small capacity
self-drive transit vehicles. The self-drive transit vehicle can be hired and driven by
any registered user completely frec of charge, provided that whilst using the vehicle,
the driver agrees to convey any passengers that the controlling computer system
instructs him to convey (as per usual, these passengers will have itineraries that
closely match that of the driver). Using a self-drive transit vehicle is thus just like
car pooling: the driver must follow the navigation instructions on the vehicle's
communicator device in order to pick up and convey passengers. The difterence is
that the driver gets use of a vehicle at no expense; and the controlling computer
system gets a driver for free. If the current driver of a sell-drive transit vehicle
wishes to carry his own passengers, this is entirely acceptable, but his passengers
will have to pay the normal taxibus fare. Self-drive transit vehicles would be parked
in the streets all over town; and these vehicles would be of a distinctive style and
colour for easy visibility.

When a traveller makes a journey request on a communicator device, the controlling
computer system will indicate if any self-drive transit vehicles are available in the
vicinity - the location of all self-drive vehicles is known to the controlling computer
system through electronic positioning. Sell-drive transit vehicles are bookable only
on a communicator device. This is to prevent the possible tussles that might ensue
should two people simultaneously arrive at an available self-drive transit vehicle in
the street that they both wish to use. Once booked, the registered user will enter the
vehicle by keying in his user name and password via a kc_ypad on the vehicle door;
some other security checks may also be required.

Once a driver and his passengers finish the journey, the self-drive transit vehicle is
parked, and immediately becomes available for the next registered user. In order to
make the use of these vehicles as streamlined and efficient as possible, it is thought
that the self-drive transit vehicle should be entitled to free parking on all public
roads. It is anticipated that most sell-drive transit vehicles will spend only minimal
time parked belore another registered user books them for a journey

«
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Vehicle theft is clearly a potential problem with the self-drive transit vehicle.
However, since only registered users can operate such vehicles, and since the
controlling computer system will be tracking all transit vehicles at all times by
electronic positioning, this will tend to make theft difficult. Additional security
measures might include embedding electronic tags in the vehicle that can locate the
vehicle's position even if stolen and shipped to another part of the world. To stop
sclf-drive transit vehicles being used by drivers under the influence of drink or
drugs, some sort ol human reaction responsc test could be built into the vehicle. If
the potential driver's reactions were sluggish, he would not be allowed to drive, and
the controlling compuler system would find him some other means of‘transport.

The self-drive transit vehicle is a somewhat controversial concept. It may work, but
there is a chance that many vehicles will end up being vandalised, abused or stolen.
However with sutficient security measures, including on-board audio and video

surveillance, the self-drive transit vehicle idea could be successful in certain towns,
especially in the more socially-minded countries, such as Scandinavia, for example.

9.22 - Electronic Positioning Accuracy and Coverage

In order for this invention to operate properl_y and cf‘fcctively, an electronic
positioning system of suflicient accuracy and coverage is required. Accuracy is
necded to determine the precise street location of transit vehicles (as well as
prospective travellers): parallel roads may be just tens of metres apart, so the
positioning resolution needs to be good enough to distinguish between such roads.
Good coverage is needed, since clectronic positioning is needed at all locations.

In terms of accuracy, excellent results are obtained from satellite positioning
systems, such as the American GPS (Global Positioning System), the Russian
GLONASS (Global Navigation Satellite System), or the soon to be launched
European Galileo satellite positioning system, which will be superior to both GPS

and GLONASS.

GPS is typically accurate to within 10 metres, but there are methods of improving
this accuracy: a system called WAAS (Wide Area Augmentation System) improves
the positioning accuracy of GPS to within 3 metres, and a technique called
Difterential GPS can be accurate to within 1 metre.

A European project called EGNOS is working to combine the GPS and
GLONASS satellite signals to create a positioning system accurate to within 5
metres even before any improvement methods are applied. The EGNOS system will
be operational in 2004,

When the European Galileo satellites are launched, and the system begins operation
in 2006 (fully operational in 2008) it will be accurate (o within I metre. Galileo will
have a stronger signal than GPS, and is being designed to inter-operate with GPS
and GLONASS 1o provide even greater positioning precision.

Although satellite positioning is very accurate, coverage can be a problem. Satellite
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signals cannot penctrate inside buildings, and are often unavailable in the street
valleys between high-rise blocks when the sky is predominantly obscured.
Combining the signals from Galilco, GPS and GLONASS together will provide a

slightly better coverage.

Other methods of electronic positioning may be used when the satellite signal is lost,
such as cellular base station triangulation, which can locate a cellular phone to
within 50 to 150 metres. Though not as precise as satellite positioning, base station
triangulation has the great advantage of working with any cellular phone or wireless
PDA, and it usua“y works inside l)uildings too. ldea“_y both cellular triangulation
and satellite positioning could be used in conjunction to augment cach other: the
satellite system providing accuracy and cellular base station triangulation supplying
coverage when the satellite signal is unattainable.

There arc additionally some ad hoc means of electronic positioning that might be
considered. For example, a city could be supplied with an radio positioning signal
broadcast locally from radio masts planted around its perimeter. These masts would
be situated on high ground, perhaps where existing television and radio signals are
transmitted. These terrestrial positioning signals would have two advantages over
satellite positioning signals. Firstly, the signal from these terrestrial transmitters can
be broadcast at highcr power levels in order to penetrate through buildings and thus
provide a more complete coverage (GPS positioning satellites typically broadcast at
a very tecble 50 Watts of power as the satellites rely on solar energy). Secondly,
terrestrial transmitters may be more reliable: the satellite positioning signal could
conceivably be switched off for security reasons during military conflicts (this is less
likely with Galileo which is civil system, but GPS is owned by the US military).

Another unusual means of electronic positioning could be achieved by installing
cheap short-range wircless transmitters (such as Bluetooth, Wi-Fi or UWB devices)
into lampposts, trattic lights, and similar points on the roads. Each transmitter
would digitally signal its own geographic address location to any receiving device in
proximity, thereby facilitating an electronic positioning system. Since many new
cellular phones and wireless PDDA devices have short range transceivers built-in,
this method is an entirely practicable solution. It would also be possible to place
cheap short-range wireless transmitters into cat's eye reflectors in the road,
powering the transmitters from solar cells running on daylight during the day and
[rom vehicle headlights during the night.

Still another means of clectronic positioning may be realised by means of a road
coding system wherein geographic location is encapsulated into codes continuously
painted onto cach lane in the road. These painted codes need not necessarily be
visible to the human cye, just detectable to a reader device. The painted codes could
be based on a barcode, or based on some other coding system; the coding system
would encode the geographic location where the code is painted on the tarmac.
When a transit vehicle moves over these painted codes, a reader device fixed to the
vehicle would scan them and thus obtain positioning information. If the painted
code were visible, and of a form casily read by prospective travellers, this code
could also be used to specify current location when a traveller makes a journey
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request. It would be easy to develop a paint-spraying unit that, fixed beneath a
truck, would continuously paint the roads with these codes as the truck moves
along; the spraying unit could use a very accurate satellite positioning receiver in
order to determine the exact location.

Road C()ding systems and short range radio transmitters are non-conventional
methods of clectronic positioning. However they might advantageously be used in
conjunction with more standard electronic positioning techniques in order to
improve coverage or accuracy. In underground railway systems, for example, where
neither a satellite positioning nor cellular triangulation signal can penetrate, short
range radio transmitters would make an excellent ancillary positioning system.

[n the future 'mesh networks', which comprise a web of radio-transmission-linked
transceiver nodes which will host equipment such as cellular telephones, wircless
PDAs, computers, and other digital gadgets, may become the predominant means of
data communications. The principle of mesh networking could allow locally situated
communicator devices to confer with each other in order to corroborate electronic
positioning data. This offers three advantages: firstly such corroboration would help
improve the accuracy of the satellite positioning data using similar error reduction
methods to those employed in Differential GPS; secondly, when a communicator
device is beyond the reach of the satellite signal (such as when indoors, orin a
tunnel), a communicator device could still get positional data by corroborating with
nearby communicator devices that are within range of the satellite signal; thirdly,
communicator devices that do not have built-in electronic positioning functionality
can use this corroboration to obtain positioning data from ncarby communicator
devices that do. Such corroboration would work both for stationary communicator
devices, and communicator devices in moving vehicles.

Note that mesh networks, and similar local electromagnetic broadcasting data
transmission systems, may be set up to function as simple electronic positioning
systems just in themselves. Given that such local broadcasts have limited range,
whenever broadcast contact is made [rom one transceiver device to a second
transceiver device, this automatically implies that these devices are situated within a
given radius ol each other (this radius equal to the maximum distance the
clectromagnetic signal can be broadcast by the transceiver devices). This provides
rudimentary electronic positioning data. Such a rudimentary electronic positioning
system could in principle be used in the second embodiment of this invention.
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10 - IGT FROM THE PASSENGER'S PERSPECTIVE

The following description, in the form of a short story, illustrates the nature of
IGT travel from the perspective of the journeying passenger.

It is 822 am in the London suburbs. Alex is taking a last sip of coffee before
commencing his journey into work. He puts on his jacket and takes out his cellular
telephone. I'rom a list of pre-programmed addresses on his phone, Alex selects the
destination address labelled Office followed by the embarkation address labelled
Home. On the telephone's display screen, a validation message summarises the
travel itinerar_y that he has just requested:-

Traveller Journey Request

Embarkation: Home > 56 Muswell Hill, N10 3ST
Destination: Office > 110 Charing Cross Rd, WC2H 0JP
Departure Time: Immediate

Transit Vehicle Type: Taxibus

Passengers: 1

This request for a journey is transmitted to the IGT central computer system. Alex
waits a moment whilst the system responds to his journey request. He regularly
travels to work by IGT and is completely familiar with this simple, efficient and
relaxing way of commuting. A few seconds later, the IGT system details a ncarby
transit vehicle that is available to collect him. These details are displayed on Alex's
cellular phone in the following format:-

Transit Vehicle Availability

Vehicle Pick-Up Journey Cost  Arrival
Taxibus 2 mins 34 mins £0-96 8:58pm

Please Confirm: YES | NO

These details tell Alex that there is a taxibus-type transit vehicle available that can
pick him up in just two minutes, and which will deliver him to his office destination
at the estimated time of 8:58pm. Alex hits the YIS response to select the transit
vehicle offered; his cellular phone subsequently displays some confirmatory details:-

Taxibus Selection Confirmed

Embarkation: Home

Destination: Office

Distance: 6-4 miles Fare Cost: £0-96
Vehicle ldentification: Taxibus 4025
Countdown to Pick-Up: 1 min 50 sec

These confirmation details remain visible and provide a real-time countdown to
pick-up. It is now just under two minutes to go before his transit vehicle arrives.
Alex has just got enough time to check the house, making sure the doors and
windows are closed. T1is umbrella and bricfcase lie by the front door. He grabs the
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briefcase, but leaves his umbrella behind; he rarely needs to use it since he started

travelling by 1GT.

Alex glances at his cellular phone: the countdown to pick-up now shows just under
onc minute. Alex should be in the street when the taxibus arrives, so he steps
outside, locks the front door, and walks down to the roadside. A short while later, a
taxibus turns into the road, with the identification 4025 marked on it. The taxibus
pulls up at Alex's residence. The vehicle is small and compact: a sleck, narrow
minibus with just 9 passenger seats. The passenger doors open, Alex climbs aboard,
and the driver politely greets him good morning. No money is handed over, nor are
any travel passes shown, since the lare for the journey is computer calculated and
automatically charged to Alex's IGT user account. This makes boarding the vehicle

fast and casy.

As the taxibus vehicle moves off, Alex walks down the small central aisle and finds
himsell'a comfortable seat. There are already a few passengers on board. The
j()urnc.y to the office has been estimated at 34 minutes; Alex wonders which route
the taxibus will take this morning. 1le knows that there will usually be additional
passenger pick-ups along the way, and a few passenger drop-offs too. The 1GT
computer system provides real-time street navigation instructions on a dashboard
display screen to guide the taxibus driver along the customised route. However the
IGT system ensures that all pick-ups and drop-olfs lie along a more-or-less direct
trajectory, so Alex's own journey is not really that much lengthened by them

Half an hour later, Alex's taxibus is nearing his destination. An interior display
screen, visible to all the passengers in the taxibus, shows the upcoming stop, and
also indicates which passengers should alight at that stop. In this casc it is only Alex,
and so his IGT user name (which he has chosen as 'Alex-G') is displayed on this
interior display screen:-

NEXT STOP: Charing Cross Rd, W(C2
Arrival Time: 2 minutes
Passengers Alighting: Alex-G

The same information is also available on Alex's cellular telephone. Alex gets ready
to alight. All taxibus passengers are made aware that the_y must board and alight
reasonably quickly in order to keep taxibus travel fast and streamlined for
everybody. Quick boarding and alighting are made possible by displaying on the
passenger's cellular telephone a precise countdown to the time that their taxibus will
arrive to pick them up, and by providing this advanced warning just before a
passenger's destination is due. The fact that all passenger fares are automatically
calculated by the IGT system - climinating the nced to buy tickets from the taxibus
driver - also greatly helps to expedite the whole transport process. The taxibus
arrives at Alex's destination and pulls up at the kerb. The driver announces "Arrival
at Charing Cross Road" and opens the vehicle doors. As Alex steps out on to the
pavement he observes that, as usual, the IGT system has guided the taxibus right up
to the front door of his office. Which is good, because it had just started to rain.
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CLAIMS

The terminology used in these claims is defined in sections 5.2, 5.3, 5.4 and 5.7.

1 Atraveller transportation system operating on the roads in which travellers use
communicator devices to send their journey requests, and any car pool vehicle
drivers use communicator devices to send their car pool intended itinerary
specifications, to a controlling computer system wherein:

an intelligent grouping module intelligently groups the said travellers into transit
vehicles, and creates an optimal transit route for each of these transit vehicles to
convey the said travellers in accordance with the itinerary and the other travel
details specified in each of the said journey requests or car pool intended itinerary
specifications;

the said intelligent grouping module operating with the aid of data from an
electronic positioning system detailing the current geographic position of cach of the
said transit vehicles;

the drivers in each of the said transit vehicles being directed along the said optimal
transit routes to convey the said travellers by means of navigationa[ data suppiied by
an electronic street navigation module incorporated into the said controlling

computer system;

the said navigational data being sent to the communicator device within each of the
said transit vehicles, these communicator devices detailing the navigational data to
the drivers of the said transit vehicles;

throughout the above-described operations, a data transmission system is used
wherever data needs to be sent between the remotely-loczued components of this
invention, these components including the controlling computer system (and any
geographica“y distributed computer processor clements thercof), the electronic
positioning system (and any geographically distributed elements thercof), and the
communicator devices used by travellers and transit vehicle drivers.

2 A traveller transportation system as described in claim 1 in which the journey
request format allows travellers to specify the number of traveller scats required on
the jou rney, so that groups of people travelling together can be accommodated by
this invention.

3 A traveller transportation system as described in claims 1 or 2 in which the
iournc-_y request format allows travellers to speci[:y their luggage requirements, so
that travellers with luggage can be found a suitable transit vehicle.

4 A traveller transportation system as described in claims 1, 2 or 3 which has the
ability to handle pre-order booking and regular order booking traveller journcy

requests: travellers who place a pre-order booking with the controlling computer
system will have a transit vehicle arrive to collect them at the time they specify in
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the journcy request, in order to convey them along the itinerary they specify in the
journey request; a regular order booking is like a pre-order booking except that it is
repeated on a regular basis specified in the journcy request (for example: daily)
until cancelled (see section 7.8).

5 A traveller transportation system as described in claims 1 to 4 which operates
with traveller itineraries that fall into the category of simple two-point itineraries
which comprise the traveller's embarkation point and destination point: this makes
the itineraries simple to specily on a communicator device and casy to process
computationally.

6 Atraveller transportation system as described in claims 1 to 5 which operates
with vehicle itineraries that comprise a set of defined geographic points or addresses
to which the vehicle must navigate in a prescribed order, to pick up or drop oft
travellers.

7 A traveller transportation system as described in claims 1 to 6 which operates
with transit vehicles that are able to service the same sort of street addresses and
locations as can a private car or taxi cab (in other words, like the car and taxi cab,
these transit vehicles will be sufficiently small and manocuvrable to be able to reach

virl'uu”y all strect addr‘esscs).

8 A traveller transportation system as described in claims 1 to 7 which operates
exclusively with transit vehicles that are piloted by a prolessional driver with no
itinerary of his own (by definition, this is the electronic navigation taxibus
configuration of this invention).

9 A traveller transportation system as described in claims 1 to 7 which operates
exclusively with transit vehicles that are piloted by a driver who is travelling on an
itincrary of his own, and who wishes to accommodate and transport passengers in
his vehicle (by definition, this is the car pooling configuration of the invention).

10 A traveller transportation system which combines the functionality described in
claims 8 and 9 (that is to say, one that operates both taxibus and car pooling
vehicles simultaneously).

11 A traveller transportation system as described in claims | to 10 which operates
the self-drive transit vehicles described in section 9.21.

12 A traveller transportation system as described in claims 1 to 11 in which the
data transmission system comprises a cellular telephonc network as a method of

data transmission.
13 A traveller transportation system as described in claim 12 where the data

transmission system comprises a 3G (third-generation) cellular telephone network
or later generations thereof.
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14 A traveller transportation system as described in claims 1 to 13 where the data
transmission system emplo‘ys a mesh network method of data transmission (mesh

networks are described in section 8.4).

15 A traveller transportation system as described in claims 1 to 14 in which the
data transmission system 1s able to transmit data more-or-less ins‘runtancous[y
(typically with the speed of an electromagnetic wave or the speed of a signal
propaguting along an clectric land linc) so that no burst of data takes longer‘ than a
tew seconds to travel via the data transmission system; such speed is necessary if

this invention is to operate effectively in real time.

16 A traveller transportation system as described in claims 1 to 15 which provides
a door-to-door transport service, that is to say, which runs transit vehicles that
convey each traveller in accordance with his itinerary right from his starting point
or address to his destination point or address.

17 A traveller transportation system as described in claims 1 to 15 in which
travellers are conveyed almost door-to-door by being picked up and/or dropped off
within a short walking distance of their starting and destination points or addresses
(such as in the 'quasi door-to-door' taxibus in section 9.3 ).

18 A traveller transportation system as described in claims 1 to 17 which employs
communicator devices that are electronic gadgets capable of two-way transmission
of information (able to send data and receive data via the data transmission system).

19 A traveller transportation system as described in claims 1 to 18 which employs
communicator devices that are por‘tablc so that users of this invention can carry a
communicator device on their person.

20 A traveller transportation system as deseribed in claims 1 to 19 which employs
communicator devices that possess a text and/or graphics display screen and some
sort of keyboard or keypad, allowing a visual presentation of information to the
user, and allowing users to type in information.

21 A traveller transportation system as described in claims 1 to 20 which employs
communicator devices that are of the cellular telephone or wireless PDA (Personal
Digital Assistant) type and which operate with a cellular telephone network data
(ransmission system (see section 7.2 for a more detailed description of such types of
communicator device).

22 A traveller transportation system as described in claims 1 to 21 in which the
clectronic positioning system is able to locate the geographic position of
communicator devices carried by travellers, as well as locate the geographic position

of transit vehicle communicator devices.

23 A traveller transportation system as described in claims 1 to 22 in which the
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electronic positioning system is a satellite positioning system.

24 A traveller transportation system as described in claims 1 to 22 in which the

electronic positioning system is based on cellular base station triangulation.

25 A traveller transportation system as described in claims 1 to 22 in which the
electronic positioning system uses a combination of both satellite positioning and
cellular base station triangulation.

26 A traveller transportation system as described in claims 1 to 22 in which the
electronic positioning system is exclusively based on road coding and/or short range
radio transmitters (both are described in section 9.22).

27 A traveller transportation system as described in claims 1 to 26 in which road
coding and/or short range radio transmitters (described in section 9.22) act as an
ancillary electronic positioning system.

28 A traveller transportation system as described in claims 1 to 27 in which the
electronic positioning system is capable of providing a locational accuracy to within
10 metres when operating at optimum performance, so that communicator devices
equipped with electronic positioning [unctionality can be located to within this
distance.

29 A traveller transportation system as described in claims 1 to 28 which operates
using pre-defined passenger pick-up (and optionally set down) points, each with a
unique pick-up point reference code, in order to eliminate passenger pick-up point
ambiguity (see section 9.16 ).

30 A traveller transportation system as described in claims 1 to 29 in which the
clectronic street navigation module operates in a similar manner to the self-
contained in-car satellite navigation system, providing the vehicle driver with real-
time streel-by-street navigation directions which are based on the vehicle's current
geographic location; such in-car navigation systems rely on a digitised street layout
map, and use an clectronic positioning system to provide current location data,

31 A traveller transportation system as described in claims 1 to 30 which rapidly
processes incoming journey requests, so that when a prospective traveller submits a
journey request on his communicator device, the controlling computer system
marshals a {ast response, organising a transit vehicle to collect the traveller typically
within a time-scale of minutes in order to convey him along his specified itinerary
(section 7.12 explains why a fast response is important).

32 A traveller transportation system as described in claims 1 to 31 which operates
such that prospective travellers gencrally have their transit vehicles arriving to
collect them within three minutes ol submitting their journey request (section 7.12
cxamines the importance and theoretical feasibility of a three minute responsc).
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33 A traveller transportation system as described in claims 1 to 32 in which the
intelligent grouping module takes into account transit vehicle proximity to the
prospective traveller: this means that when 'tr_ying to place a new traveller into a
transit vehicle, not only does the intelligent grouping module seek a vchicle with a
good itinerary compatibility to the traveller, the module also trys to find a transit
vehicle that is currently located in the vicinity of that traveller, cnabling the transit
vehicle to get to the traveller's pick-up point quickly.

34 A traveller transportation system as described in claims 1 to 33 in which the
intelligent grouping module processes traveller journey requests which specily an
immediate departure time as follows: the intelligent grouping module examines the
current position and current itineraries of its transit vehicles en route (and any idle
transit vehicles, if available), searching for a transit vehicle in the vicinity (a few
minutes driving distance) ol the traveller's pick-up point, and one into which the
traveller can be intelligently grouped; when the intelligent grouping module finds
such a transit vehicle for the traveller, this module revises the transit route of that
vehicle so that it can pick up the traveller from the pick-up point specified in his
journey request, and convey him and the other travellers on board the vehicle to
their respective destinations (this method is useful when dealing with new journey
requests in which travellers require immediate pick up and departure, and
corresponds to the processing of class C journey requests described in section 7.1)

35 A traveller transportation system as described in claims 1 to 33 in which the
intelligent grouping module may process journey requests some time in advance of
the traveller's departure time, searching for a transit vehicle which wifl de in the
vicinity of the traveller's pick-up point at (or closc to) his departure time, and one
into which the traveller can be intelligently grouped (this method is useful when
dealing with batches of pre-order and regular order journey requests, and
corresponds to the processing of class D journey requests described in section 7.1).

36 A travcller transportation system which combines the functionality described in
claims 34 and 35, such that the intelligent grouping module has the facility to
operate cither of the two methods ol processing journey requests described in these
above two claims.

37 A traveller transportation system as described in claims 1 to 36 in which the
intelligent grouping module has the ability to split a traveller's journey into different
legs using two or more different transit vehicles (the need for split journeys is
explained in section 9.2).

38 A traveller transportation system as described in claims 1 to 37 in which the
intelligent grouping module has the ability to route, or, in the case ol split journeys,
partially route, a traveller itinerary via existing modes of public travel such as buses
and trains as well as by taxibus or car pool transit vehicles; this enables this
invention to seamlessly integrate with existing public transport (multi-modal travel
is described in section 7.17).
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39 A traveller transportation system as described in claims 1 to 38 in which the
intelligent grouping module operates so as to aim to place at least 6 travellers into
cach transit vehicle: an objective of this invention is an ability to provide mass
transportation ol travellers without generating high levels of road traffic congestion:
this objective depends on placing several travellers in each transit vehicle (obviously
this only applies to transit vehicles of sufficient size, having 6 or more passenger
seats; in par‘liculeu‘ we exclude car pool vehicles, most of which do not have
suthicient scats to accommodate 6 passengers).

40 A traveller transportation system as described in claims 1 to 39 in which the
intelligent grouping module intelligently groups travellers so that the Compatibility
Index (defined in section 5.7) of their itineraries is typically less than 1.6 (measured
when there are at least 6 travellers in the transit vehicle); a low value for the
Compatibility Index is important to achieving one of the objectives of this invention:
to providc a mode of public transport that for the door-to-door journcey is quicker

than existing public transport.

41 A traveller transportation system as described in claims 1 to 40 in which the
intelligent grouping module intelligently groups travellers so that the Compatibility
Index of their itincraries is typically less than 2 (measured when there arc at lcast 6
travellers in the transit vehicle); this invention remains a very viable mass
transportation system when the Compatibility Index is less than 2.

42 A traveller transportation system as described in claims 1 to 41 in which the
intelligent grouping module performs its intelligent grouping calculations taking
into account details of the current tralfic speed on cach road - that is to say, using a
trallic-speed travel-time metric as described in sections 5.7 and 9.1.

43 A traveller transportation system as described in claims 1 to 42 wherein the
intelligent grouping module operates in such a way that when a transit vehicle, for
whatever reason, gets significantly displaced from its optimal transit route, or
suffers a significant delay along this optimal transit route, the intelligent grouping
module will be triggered to re-optimise the intelligent grouping in order to devise a
new optimal transit route for that transit vehicle (see section 9.1).

44 A traveller transportation system as described in claims 1 to 43 in which the
intelligent grouping module incorporates all the features described in section 9.1

45 A traveller transportation system as described in claims 1 to 44 which operates
with a transit vehicle density of at least 10 vehicles per square mile in a large city;
such scales of operation vastly improve the efficiency of this invention (sce section
5.8) which is important to all the objectives of this invention stated in section 5.1.

46 A traveller transportation system as described in claims 1 to 45 which is
designed (o take advantage of the transportation efficiencies that arise at large scales
of operation (scales such as 10 or more transit vehicles per square mile); three
important transportation efficiencies materialise at a large scale of operation which
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enable this invention to function in a manner that is not possible at smaller scales

(see section 5.8).

47 A traveller transportation system as described in claims 1 to 46 which is
dcsigned to provide transportation coverage across a whole city; city-wide
implementation is important for reducing city traffic congestion and air pollution.

48 A traveller transportation system as described in claims 1 to 47 which is
(']csigne(] to provide transportation coverage to a whole state or nation - widescale
implementation is important to the environmental objectives of this invention in
reducing air pollution and greenhouse gas emissions.

49 A traveller transportation system as described in claims 1 to 48 which pre-
emptively marshals its transit vehicle fleet in order to geographically position the
tleet in readiness to handle the expected traveller numbers arising from the morning
and evening rush hours, from large-scale public events, and from similar situations
where it is known in advance that there will be high concentrations of new travellers

requiring transportation (sec scction 7.9).

50 A traveller transportation system as described in claims 1 to 49 which operales
a system ol automatic computer-calculated fare metering and charging for travellers
using its transit vehicles: this speeds up journeys and makes travel more
streamlined and convenient (see scction 9.5).

51 A traveller transportation system as described in claims 1 to 50 wherein during
its ordinary handling of traveller journcy requests and in the control and
orchestration of its transit vehicles, this invention works automatically without the
need of human operators or assistance (when implemented in a large city this
invention might‘ operate tens of thousands of transit vehicles and receive thousands
of‘j()urney requests each minute - far too many for human operators to handle,
unless a huge number of operators are employed, which would be costly).

52 A traveller transportation sysiem as described in claims 1 to 51 which operales
using a central controlling computer system as described in the preferred
embodiment (sce scction 7), but which also has the capacity to operate using a
distributed controlling computer system as described in the sccond embodiment (sec
section 8), such that in the event of a {ailure of the central controlling computer
system, the distributed conlro”ing computer system will be able to take over, thus
keeping the transit vehicle fleet in operation.

53 A traveller transportation system as described in claims 1 to 52 in which the
controlling computer system will, on request, provide electronic street navigation to
its users (passengers and vehicle drivers) even when they are not travelling by
means of this transportation system.

54 A traveller transportation system as described in claims 1 to 53 in which the
controlling computer system incorporates quantum computer hardware when
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quantum computer techno]ogy becomes available: quantum computers are
espccia”y good at hzmdling the non-polynomia| calculations that can arise during
the process o['intclligcnt grouping.

55 A traveller transportation system substantially according to any embodiment
hereinbefore described.

56 A traveller transportation system substantia“_y according to any embodiment

hereinbefore described with reference to the accompanying drawings.
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