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A system and method for disseminating information
concerning, for example, conditions affecting travel routes
personalizes information in accordance with individual
users or customers by building filters for attributes of the
information from attributes of interest to each user, such as
nodes of a travel route, which are registered with the system
by the user or customer. The information is filtered by the
filters constructed from the attributes to form a list of user
identifications of users that have registered an attribute of
interest which is included in the information provided to the
system. Messages are retrieved from storage and commu-
nicated to users in accordance with the list of user identifi-
cations either automatically over one or more communica-
tion media also registered by each user or on a call-in inquiry
basis. In the latter case and for modification or additions to
registered user information and attributes of interest, the
system and method provide for an active automated dialog
with the user. Messages may include user-specified nomen-
clature for attributes or collections thereof.
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MULTI-MODAL TRAVELER INFORMATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation-in-part of a U.S.
Provisional Application Ser. No. 60/045,158, filed Apr. 30,
1997, which is hereby fully incorporated by reference.
Benefit of priority under 35 U.S.C. §120 is hereby claimed
as to the subject matter of that provisional application which
is common to this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to information
collection and distribution services and, more particularly, to
data processing systems which may be used to facilitate
performance of such services, particularly for collection and
distribution of travel condition information.

2. Description of the Prior Art

A multitude of generalized travel conditions information
is currently available ranging from television and radio
broadcasts, to telephone customer information services. The
shortcoming of broadcast information is that it is not per-
sonalized to the end user’s specific needs. Currently, indi-
vidual travelers are is forced to expend time and energy
sifting through and assimilating the potentially vast amount
of information provided by broadcasts to determine if any
disruptions have occurred along their route(s) of interest,
and what effects may impact their own personal travel. Even
when substantial effort has been expended, there is no
assurance that needed information will have been collected
even though it may be available from one or more sources
that may be accessible. Some telephone customer informa-
tion services attempt to provide a more tailored form of the
broadcast travel conditions information by providing pre-
determined routings for the customer to choose from.
Although this type of service provides a smaller volume of
traveler information to its customers, it still requires the end
user to perform filtering and assimilating of the provided
information.

One of the ever-present problems in metropolitan areas is
access to real-time travel conditions information that is
relevant to an end user’s intended travel routes. Real-time
access to this information is often limited by conventional
broadcast dissemination methods such as radio and televi-
sion. Information is packaged for use by the masses and
therefore contains general information, little (or none) of
which may be relevant to any given end user using the
multi-modal transportation system in a given region.
Research has indicated that travel condition information that
is not filtered against their personal multi-modal routes of
travel and relevant to their times of travel, so they can make
informed travel decisions is not particularly useful, particu-
larly in urban areas. Further, end users do not want to be
limited to the use of one or two particular dissemination/
communication devices which may not be available or
convenient when up-to-date travel conditions information is
needed and/or relevant information is available.

In summary, what travelers want is 1) real-time travel
conditions information, 2) specific to their multi-modal
routes, 3) for any combination of travel modes, 4) whenever
they need it, 5) wherever they need it by means of appro-
priate and available communication links, and most
importantly, 6) when they would be affected by it. In this
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latter regard, some users want to receive such information
only when regular travel would be affected by the travel
conditions. Such qualities would allow travelers to reduce
the effort currently associated with obtaining travel condi-
tions information and to adjust their travel routes according
to current conditions on their intended routes.

Previous implementations of similar concepts have
focused on decomposing the transportation grid into prese-
lected roadway segments that travelers can access via pre-
determined codes. While this approach may be an improve-
ment over general broadcast methods, it does not address
multi-modal travel (e.g. using different forms of
transportation), may cause the end user a significant amount
of involvement in obtaining the information and does not
support the concept of limiting notification to only times
when travel conditions affect the user. Further, previous
implementations of similar concepts have not been fully
generalized to communication systems by which the user
may wish to receive information.

Nor do previous implementations provide independence
from proprietary communication protocols or public geo-
graphic referencing methods which may expand the geo-
graphic area to which a report may be directed beyond the
arca of interest to a user and thus include unneeded, irrel-
evant or misleading information. For example, travel con-
ditions associated with a particular street or highway or
mode of transportation may only exist on a portion of the
route to be travelled using a particular mode of transport
which is not included in the traveller’s preferred route.

Accordingly, it is seen that prior approaches to limitation
of travel information provided to a user have been insuffi-
ciently specific to the user’s needs and insufficiently flexible
in regard to communication media which may be employed
or the route and possible modes of travel which may be of
interest to the user and do not support full flexibility of
choice in travel routes, conveyance and other choices which
may be made by a traveller in the process of expeditiously
reaching a destination.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a system and method for matching travel condition infor-
mation to a user’s needs and preferred communication
media and utilization thereof, such as automatic notification
or call-in/information on demand.

It is another object of the invention to provide a system
and method for supplying travel condition information to a
user for evaluation of travel options at points at which
decisions can be made in the process of reaching an intended
destination.

It is a further object of the invention to provide a system
and method for filtering real-time travel condition informa-
tion in regard to traveller identity, destination, route, mode
of conveyance and/or intended travel time for limiting
information presented to a user.

In order to accomplish these and other objects of the
invention, a method is provided for selecting information
from a database containing data having attributes and mes-
sages corresponding to the data and communicating the
selected information in accordance with attributes of interest
to a particular user, including the steps of registering
attributes of interest in accordance with identification data
for each user, constructing a filter from the attributes of
interest to said user, filtering data input to the database to
construct a list of user identifications corresponding to an
attribute of the data, and retrieving and communicating to a
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user in the list a message corresponding to an attribute of
interest to the user corresponding to data input to the
database.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
description of a preferred embodiment of the invention with
reference to the drawings, in which:

FIG. 1 is a system block diagram representation in accor-
dance with the present invention,

FIG. 2 is a block diagram representation showing the
multi-modal transportation information system (MTIS)
physical attributes in accordance with the present invention,

FIG. 3 is an entity relationship diagram representing a
geo-referencing scheme in accordance with the invention,

FIG. 4 is an entity relationship diagram representing the
travel condition event scheme employed in the preferred
embodiment of the invention,

FIG. § is an entity relationship diagram representing the
customer data profile in accordance with the preferred
embodiment of the invention,

FIG. 6 is a flow chart for creating customer routes in
accordance with the invention,

FIG. 7 is the overview flow chart for determining affected
customers in accordance with the invention,

FIG. 8 is a flow chart for building affected customer lists
for route specific travel conditions,

FIG. 9A and 9B together form a flow chart for determin-
ing customers that need to be automatically notified in
accordance with the invention,

FIG. 10 is a flow chart for building affected customer lists
for area specific travel conditions in accordance with the
invention,

FIG. 11 is a block diagram of the MTIS preferred func-
tional architecture,

FIG. 12 is a flow chart illustrating an overview of the
preferred operation of the telephone user interface,

FIGS. 13A, 13B, 13C and 13D are flow charts illustrating
the preferred operation of a telephone-based call-in function
for information distribution in accordance with the
invention,

FIG. 14 is a flow chart illustrating a preferred operation in
accordance with the invention for managing automatic sub-
scriber notification,

FIGS. 15A and 15B are flow charts illustrating a preferred
operation in accordance with the invention for conducting
automatic subscriber notification,

FIG. 16 is a flow chart illustrating a preferred operation in
accordance with the invention for distribution of information
by electronic mail (e-mail),

FIG. 17 is a flow chart illustrating a preferred operation in
accordance with the invention for distribution of information
by wireless pager, and

FIG. 18 is a flow chart illustrating a preferred operation in
accordance with the invention for distribution of information
by facsimile.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particularly to
FIG. 1, there is shown a high-level block diagram reflecting
the environment 10 of the invention. It should be understood
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that the environment of any traveler information will nec-
essarily be similar to that of the present invention although,
as indicated above, known systems generally require sub-
stantial human intervention and/or cannot accommodate all
of the information sources 20 in regard to numerous travel
modes 30 or control input data 40 or communication media
60 accommodated by the present invention to provide per-
sonalized reports 50 even though various known systems
may utilize numerous portions of the environment illus-
trated.

Further, it should be recognized that a substantial infor-
mation infrastructure 20, 30 exists and is available for use by
known systems as well as the present invention and it can be
anticipated that the information infrastructure will expand in
information content in the future as will the number and
variety of available communication media. Accordingly, it is
to be understood that no portion of FIG. 1 or any other
Figure herein is admitted to be prior art in regard to the
present invention and that the portions of the information
infrastructure and communication media illustrated and dis-
cussed should be considered as exemplary and that the
invention is not limited thereto. It should also be understood
that, while the preferred embodiment of the invention is
employed for development of personalized reports of travel
condition information 50 and will be described below in
connection therewith, the principles of the invention are
applicable to the reporting of other types of information, as
well.

Specifically, as shown in FIG. 1, the multi-modal travel
information system 100 in accordance with the invention
receives real-time travel condition information from an
information infrastructure 20 and preferably includes, for
example, information concerning accidents, construction,
special events (planned or unplanned) and weather informa-
tion. The information, as received, may or may not be
correlated with travel modes 30 and some degree of
correlation, such as railroad or tramway conditions which
are generally unique to those travel modes, or weather
conditions which affect all modes of travel except subways,
may be inherent in the data.

The Multi-Modal Traveler Information System (MTIS)
100 significantly reduces the traveler’s burden and frustra-
tion with the additional and often irrelevant information
reported by known systems through dissemination of por-
tions of the generalized travel conditions information 20
based upon their personalized multi-modal profile input
thereto, as depicted at 40. This personalized multi-modal
profile would contain such items as the traveler’s name,
preferred travel mode(s) (e.g. roadway, bus, subway, rail,
ferry, air, tramway, etc.), primary and alternate travel
route(s), travel time(s), notification time window(s) during
which travel is anticipated, and preferred information deliv-
ery device(s) (e.g. telephone (wired & wireless), pager
(one-way & two-way), e-mail, facsimile, Internet, Intranet,
in-vehicle device, etc.), collectively depicted at 60. It is with
this personal information 40 that the system 100 is able to
construct a filter that provides the end user with personalized
travel conditions information.

Dissemination of personalized information is provided by
means of any end user device that is compatible with
transmission of real-time voice, video or digital message
information (e.g. telephone (wired & wireless), pager (one-
way & two-way), e-mail, facsimile, Internet, Intranet,
in-vehicle device, etc.). For devices that support two way
communications, such as the telephone, Internet and two
way pagers, end users may request personalized information
at any time. For all devices, the end user may have the
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system notify them automatically according to a set of
notification criteria such as time of day, information thresh-
olds (e.g. depth of snow, total length of anticipated delays,
total travel time, required arrival time, etc.), and the like.

The invention does not depend on any unique dissemi-
nation device, but rather provides for personalized informa-
tion to be disseminated across any and all compatible
devices to support the traveler’s desire for freedom of device
choice. Therefore, the present invention does not rely on any
proprietary communications protocols or non-public geo-
graphic referencing methods, but rather provides open com-
munications and geographic referencing methods to ensure
the broadest application of the invention and broadest avail-
ability to travelers. On the contrary, the invention employs
an open modular architecture which enables the timely
delivery of travel conditions information over many delivery
devices (e.g. telephone (wired & wireless), pager
(one-way & two-way), e-mail, facsimile, Internet, Intranet,
in-vehicle device, etc.).

The preferred implementation of this invention for dis-
semination of personalized travel conditions information
(accidents, congestion, delays, travel times, construction,
weather, special events and road surface conditions) to
travelers uses any combination of travel modes (e.g.
roadway, bus, subway, rail, ferry, air, tramway, and the like).
Travel conditions information specific to a traveler’s multi-
modal travel routes would be immediately available to those
who have registered their multi-modal travel routes and
notification criteria 40 with a service provider. Preferably,
information content, communications protocols, and infor-
mation geographic referencing would all be in accordance
with existing industry standards and evolving Intelligent
Transportation Systems (ITS) open systems standards.
Source providers of general travel conditions information 20
would include traffic operations centers, traveler information
centers, or any other information service provider (e.g. news
wire service) who provides the real-time travel conditions
information in industry and open systems standard formats.
Again, the invention does not rely on any particular com-
munication protocols or non-public geographic referencing
methods.

As will be discussed in greater detail below, new custom-
ers register with a service provider (via communication with
a customer service representative or the personal Internet
interface, generally indicated at 40 of FIG. 1). Data elements
are collected/captured for their personal profile for uniquely
identifying the traveler, their personal travel route(s) and
their preferred notification criteria and communication
device(s) for information delivery. Each route defined within
the profile contains a description, origin, multi-modal path
and destination. Customers may register particular route(s)
for automatic notification. The notification criteria includes
the preferred delivery device (e.g., telephone, fax, pager,
e-mail, etc.) and the day(s) of week and time(s) of day that
travel on the route is anticipated.

Generalized travel conditions information is filtered by
filters which are built by the system 100 according to the
information provided in the pre-stored customer profiles.
The filtering process occurs in multiple stages. In the first
stage of the filtering process, as will be discussed in detail
below, the location of the travel condition is compared with
the routes in the customer profiles to determine which
customers may be affected. For those customers that are
affected and have registered for automatic notification, the
filtration process continues with a comparison of the cus-
tomer’s notification time window and the expected duration
of the travel condition. Once the determination has been
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made that the customer’s designated notification time win-
dow falls some time during the expected duration of the
event, a determination is then made as to when to notify this
customer about the travel condition. The final stage of the
filtering process is to determine the customer’s notification
preference (e.g. telephone (wired & wireless), pager (one-
way & two-way), e-mail, facsimile, Internet, Intranet,
in-vehicle device, etc.).

The invention provides two modes of operation: user on
demand request and automatic notification. The user on
demand request operation is driven by the end user call-in
requesting current travel conditions applicable to one of
their pre-stored routes. Upon receiving the customer’s
choice of pre-stored route(s), the system will determine if
there are any current reportable travel conditions that impact
the selected route. Any reportable travel conditions which
impact the selected route are then reported to the customer.
Automatic notification is driven by the occurrence of a travel
condition. A travel condition enters the system which trig-
gers the event/profile filtering process as described above,
and results in a customer being notified by means of their
preferred notification device.

Referring now to FIGS. 2 and 11, the physical architecture
of the invention will be discussed. The depiction of the
invention in FIG. 2 is similar to that of FIG. 1 except that the
depiction is articulated at the system level. Similarly, the
depiction of the preferred system architecture shown in FIG.
11 is the same as shown in FIG. 2 but somewhat more
detailed and differently articulated in illustration in a hard-
ware oriented manner. Specifically, the physical environ-
ment of the traveler information system in accordance with
the invention consists of the following conceptual compo-
nents:

1. A data collection infrastructure 20,

2. A data synthesis system 201,

3. An information filter system 203,

4. A customer service center 204,

5. A communications media interface 205, and

6. A billing and payment service provider 206.

The information filtering system 203 provides personalized
travel conditions information (PTCI) for each customer and
the customer service center 204 (not separately shown in
FIG. 1) maintains the customer profiles used for building
personalized filters and maintains a record of customer
usage and billing information. The information filtering
system 203 and customer service center collectively form a
traveller information center (TIC) system 202 which,
together with the data synthesis system 201, corresponds to
the MTIS system 100 of FIG. 1.

The data collection infrastructure 20 is typically
furnished, operated, and maintained by the public sector and
is utilized for:

1. Electronically capturing travel conditions event infor-
mation (e.g. incidents, construction, planned events,
ete.),

2. Electronically interfacing to existing transportation
systems and further providing transportation informa-
tion (e.g. ATMS Systems, Transit, Signal Systems,
ete.),

3. Electronically sharing transportation information
among the public agencies and the TIC 202 of the
invention by means of a high bandwidth communica-
tion network 207.

It should be understood that the data collection infrastruc-

ture 20 currently exists and collectively represents all
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sources of information which are available to a particular
instance of the MTIS system 100, but which may or may not
include all possible information sources from which useful
information may be obtained. By the same token, it can be
anticipated that the number and variety of possible infor-
mation sources as well as the number and variety of infor-
mation sources from which a particular instance of the MTIS
system may receive information will change from time to
time. Accordingly, other than as a matter of the completeness
of the information available to a particular instance of the
MTIS system and the completeness of the information
provided on a personalized basis to customers, the specific
constitution of the information infrastructure is unimportant
to the principles and practice of the invention.

The data synthesis system 201 consists of a staffed
operations center where the system(s) and personnel collect,
fuse, and package multi-modal travel conditions informa-
tion. In accordance with the invention and as will be
described in greater detail below, packaging of information
is principally automatic, requiring little, if any, operator
intervention. This information is primarily obtained through
an electronic interface including a communication link 207
to the data collection infrastructure 20 and will be electroni-
cally transmitted to the TIC 202. As will be discussed in
greater detail below, the collection, fusing and packaging of
information in accordance with the preferred embodiment of
the invention is principally a matter of reformatting infor-
mation into objects with which the information filtering can
be expeditiously carried out and the management of results
of the filtering operation facilitated.

More specifically, the fusing of the collected data alluded
to above reflects the possibility (or likelihood) that infor-
mation concerning an event or condition (e.g. the attributes
thereof) may be provided from more than one source to
which the MTIS 100 is connected. That is, some attributes
may be available from different sources and conflicts ther-
ebetween must be resolved while all attributes which the
MTIS 100 can reflect may not be available from a single
source. Further, information concerning the same event
should be correlated so as not to be reported as separate
events.

Packaging of the data is principally a matter of articulat-
ing the data to match the objects which an instance of the
MTIS system can support, for example, relating an event or
condition to one or more geographically referenced objects
such as a weather condition or event that may affect different
routes or modes of travel or in different degree. That is, rain
or an accident may affect more than one route and one or
more nodes at which travel decisions can be made, as will
be described in greater detail below and may have greater or
lesser impact on, for example, a person travelling by car or
bus (which is substantially unaffected by rain but cannot
negotiate a path through stalled traffic) as contrasted with a
person travelling by bicycle (which is uncomfortable and
substantially more dangerous in prevailing precipitation but
can generally negotiate a path through stalled traffic).

Much of the fusing and packaging of information can be
done automatically by suitable comparison processing, the
details of which will be evident to those skilled in the art
with relatively small amount of oversight and intervention
by an operator. In any event, the portion of the fusing and
packaging processes done manually by an operator and the
portion done by suitably programmed data processing appa-
ratus in the information synthesis system 201 of the MTIS
100 and the details thereof are not important to the principles
and practice of the invention.

For example, it is irrelevant to the principles and practice
of the invention whether conflicts in data reported from
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different source is performed entirely under operator control
or entirely automatically (e.g. by a simple algorithm which
accepts only the most severe or least severe report or a more
complex expert system or adaptive algorithm which may
evaluate reports in accordance with past experience to
develop an information value which may not exactly corre-
spond to any report and a confidence factor in regard to that
value). Automated processing with only limited operator
intervention is currently preferred.

The TIC system 202 is comprised of the hardware and
software to perform the following system functionality:

1. Automatically determine which customers are affected
by travel conditions events based upon information
filtering 203 in accordance with customer route profiles
stored in the customer service center 204,

2. Disseminate the transportation information, personal-
ized by filtering, through the telephone and facsimile
(e.g. by means of an Interactive Voice Response
Systems), pager, e-mail (via Delivery Device Servers)
and the like at interface 205, and

3. Collect service usage statistics/data for use in customer
information filtering and billing, including interfacing
to a customer service center 204 and financial institu-
tions and billing services 206 for data exchange pur-
poses.

The customer service center (CSC) 204 is a manned and
operational center where the following functionality will
preferably be provided for the MTIS customer set and/or
their service:

1. A Customer Profile Entry system which provides cus-
tomers with the ability to subscribe to the personalized
(e.g. profile-driven) services offered by the TIC. The
functions at these workstations may be performed by
Customer Service Operators when called by a traveler
or automatically by transfer of suitable data over a
network or the like. Travelers may call to initially
subscribe to the service and/or to later modify an
existing profile. These profiles contain information on
the customers specific route(s) of interest, travel times,
and the delivery device(s) of interest.

2. A Customer Help Desk which provides the ability for
handling customer service problems.

3. Billing and payment pre-processing which provides the
processing necessary to organize customer service
usage data into billing information which will then be
provided to, for example, a third party independent
service provider (ISP) for billing and payment services
206. An ISP is preferably identified to perform the
billing and payment functions of the MTIS service such
as providing bills to the customers, collect fees for the
service, and distribute revenues according to a mutually
agreed upon business revenue sharing model.

The above-described systems are preferably developed in
an open-systems environment such that the algorithms and
geo-referencing scheme that will be described in greater
detail below can operate and interact in a heterogeneous
software and hardware environment. The algorithms and
geo-referencing scheme currently preferred have been
developed to run in an Intel based hardware platform,
Windows NT operating system environment, utilizing an
Oracle relational database, but can be ported to operate on
any hardware platform (Intel, Sun, HP, etc.) on any operat-
ing system (NT, SUN OS, HPUS, AIX, etc.), and utilize any
relational database system (Oracle, Sybase, etc.), thus oper-
ating in a heterogeneous environment.

Referring now to FIG. 3, it should be recognized that the
common factor between the generalized travel conditions
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information and the customer’s personalized routes is the
location information. Utilization of a common geo-
referencing scheme by the travel conditions information
service provider and MTIS will significantly improve the
timeliness and the accuracy of the information provided to
the end user(s) by thus reducing the amount of data which
must be subjected to fusing and packaging operations in the
MTIS system 100 but uniformity or commonality of the
geo-referencing scheme is not otherwise important to the
basic principles and practice of the invention.

A node/chain geo-referencing scheme as illustrated in
FIG. 3 in the form of a Booch diagram of node and chain
objects is preferred for providing the location framework of
the multi-modal network in MTIS. In FIG. 3, the triangle
symbol between the Node and Chain objects signify the
dependency relationship between the two objects (e.g. node
existence is dependent upon an existence of a chain). Car-
dinality is represented by the hash mark, crow’s feet, and
zero symbols (e.g. the combination of zeros and crow’s feet
represents zero or more Cardinality).

The key objects of the node/chain geo-referencing scheme
depicted in FIG. 3 are: area 301, chain 302, sub-chain 303,
node 304, intra-modal transition 305 and inter-modal trans-
fer 306. While not essential to the practice of the invention,
provision of an area node object 307 facilitates relating of
areas to nodes for automatic packaging of received infor-
mation as described above. Attributes of these objects listed
in FIG. 3 are self-explanatory to those skilled in the art in
view of the following description of the objects and their
relationships and are, moreover, somewhat arbitrary in
regard to the basic principles and practice of the invention.
Therefore, the attributes listed should be regarded as pre-
ferred but not exclusive or limiting.

An area object 301 represents a homogeneous geographic
entity such as a town, city, county, borough, state, region, or
school district, as identified by an area node 307 object, in
regard to which information from information infrastructure
20 is likely to be articulated or expressed. Within an area
there may be a multitude of transportation mode networks
(e.g. roadways, rail lines, subway lines, bus routes, ferry
lines, etc.). These various mode networks are represented as
chains 302. Chains 302 define one direction of travel for a
transportation mode, such as roadway, rail line, subway line,
bus route, ferry line, etc. A chain may be composed of one
or more sub-chains 303. Sub-chains 303 are utilized in cases
where a roadway crosses a jurisdictional boundary (e.g. city,
county or state line) and thus acquires an alias, or a pub-
lished direction change for a roadway.

A node 304 represents decision points throughout the
geo-referencing scheme (e.g. roadway intersection, bus stop
or terminal, subway station, train station, ferry dock, and the
like) or marks the start point and/or end point of a chain or
sub-chain. A node that joins two or more chains or sub-
chains is shared by those chains or sub-chains.

Connections at a single node 304 between two chains of
the same travel mode, are defined as an intramodal transition
305 (c.g. turn lane at an intersection, exit ramp at an
interchange, a train station, a bus terminal, subway station,
and the like). Legal (e.g. recognized as possible) connec-
tions between two or more nodes of different transportation
modes is defined as an intermodal transfer 306 (e.g. park-
and-ride lot, train station, bus terminal, subway station,
airport, and the like). Transitions 305 and transfers 306 thus
provide for all options which may be presented to a traveller
along any arbitrary route by any modes of travel which may
be available and with which travel conditions information
may be associated.
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Sequence numbers are attached to each node along a
chain to imply order and direction. It is the sequence number
and the chain_id that assists the MTIS system in determining
specific locations of the travel condition event and the
customer’s personalized route segments. For enhanced
granularity (e.g. specificity and detail), sequence numbers
can preferably be taken a level lower. This allows for
specific definition of transition end points, or other points of
interest.

Referring now to FIG. 4, travel condition events 400 that
are geo-referenced utilizing the node/chain scheme depicted
in FIG. 3 will have an attribute known as location type. The
location type may take on one of four possible values:
transition, chain, point or area, collectively indicated at 401.
Depending on which of the four possible values as to which
the location type is defined, there are additional attributes
attached to the travel condition information (e.g. if the
location type is point or chain, then the attributes necessary
to define that location are chain_ id, start_node_ id, start
and end sequence number of the containing chain, offset
from the start node of the containing chain, and end node
id). In this way, relationships to the object structure of FIG.
3 are defined.

Travel condition events often impact multiple elements of
the object network structure illustrated in FIGS. 3 and 4 (e.g.
an accident on a roadway may affect intersecting and sur-
rounding roadways as well as bus routes that utilize these
roadways). The extent(s) of these effects is identified as zero
or more area(s), chain(s) and/or transition(s) 402, as
reflected in chain 302 and accessible from the corresponding
object classes (301, 302, 305, respectively) of FIG. 3. When
multiple transportation modes are not required, more con-
ventional link node referencing schemes (e.g. at 304 of FIG.
3) can be used to bind customer routes, as will next be
described with reference to FIG. 5, and travel condition
events.

The function of registering a new customer which devel-
ops the data object structure depicted in FIG. 5 provides the
means for entering the customer’s account information, their
personal travel route(s) and preferred notification criteria.
The data provided by the customer will be stored in their
own customer account in the relational database manage-
ment system (RDBMS) for MTIS 100. FIG. 5 represents the
structure of the data that is stored in the relational database
included by the customer service center 202 of FIG. 2.

The function of registering a new customer is preferably
partitioned into three sub-functions. The sub-function, Cre-
ate A New Customer Account, provides for the entry of a
customer’s account information, such as name, address,
contact phone numbers, and payment method information in
an instance of customer account object class 501. It is here
that the customer is given their own personal customer
identification number which assists MTIS in uniquely iden-
tifying each registered customer.

Upon successfully capturing the customer’s account
information 501, exemplary values for which are illustrated
in FIG. 5, the customer’s personal travel route(s) 503 are
registered. In the sub-function, Create Customer Areas, the
customer is allowed the opportunity to provide the names of
specific areas 502 for which they want travel conditions
information filtered for, such as state, city, county, and/or
school district, as discussed above in connection with FIG.
3. This information is useful in providing area specific travel
conditions, such as current weather conditions and school
cancellations.

The sub-function Create Customer Routes provides for
the entry of specific routes 503 for which the customer wants
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travel conditions information filtered, such as their route
from home to work or work to home. Each route can be
based on either a single mode of travel (e.g. train only) or
multiple modes of travel (e.g. roadway, train, bus and ferry).
(The mode of travel is implicit in the route and a separate
attribute is not necessary.) Instead of having to chose from
a pre-determined routing list, the customer is preferably free
to describe the paths of their route by the common names of
the multi-modal network (e.g. Henry Hudson Pkwy, Hunt-
erspoint Ferry, M34 Bus, and the like) which can readily be
converted to areas, nodes, modes and the like by suitable
comparison processing which will be evident to those skilled
in the art. Specifically, MTIS 100 translates the given
common name into the appropriate objects (e.g. chain_id,
on__node, off node, and start and end sequence numbers of
the chain) of the node/chain geo-referencing scheme as
illustrated in FIGS. 3 and 4.

The initial step to capturing a customer’s route, as shown
in FIG. 6, is the verification or selection of the starting area
601. Based on the designated area, a listing (e.g. a menu) of
available modes of transportation is provided, and the cus-
tomer’s preferred mode is selected at 602. Limitation of
possible selections in this way eliminates specification of
travel modes which are impossible or do not exist at a node.
Next, a list of chains for the selected area and mode of
transportation is produced, and the customer’s preferred
chain is selected at 603. All valid geo-headings (e.g. North,
South, East, and West) are provided at 604 for the selected
chain 603. Once the chain 603 and heading 604 are
determined, all valid on-nodes (e.g. a node at which travel
from that node may be commenced via an available travel
mode) are listed at 605. The customer then selects their
on-node in any convenient fashion (e.g. from a menu). In the
case of roadways, the customer is required to provide a turn
direction 606. Based on the previous information provided,
a set of valid off-node choices is displayed, and the customer
makes a selection 607 to complete a description of a segment
of a route.

Prior to committing this segment to the route, the infor-
mation provided is verified with the customer at 608. If the
route has not been completely defined, then the area infor-
mation of the next segment is determined at 609. The
geo-referencing database is queried to determine the legal
(e.g. available) transportation mode alternatives at this loca-
tion. There are two options at this point. If there are
additional modes available, the customer must indicate their
desire to change modes or continue with their current mode
at 610. If the customer decides to switch modes, then a new
mode must be selected 611. A list of available chains for the
selected mode and current node is supplied, and the cus-
tomer’s preferred chain is selected at 612. All valid geo-
headings are provided for the selected chain at 613. The
off-node from the previous segment is then stored as the
on-node of the current segment at 614. In the case of
roadways, the customer is required to provide a turn direc-
tion 615.

Based on the previous information provided, a set of valid
off-node choices is displayed, and the customer makes a
selection 607, as described above. Prior to committing this
segment to the route, the information provided is verified
with the customer at 608, as before. If the route has not been
completely defined, then the area information of the next
segment is determined at 609. Again, the geo-referencing
database is queried to determine the legal transportation
mode alternatives at this location and, again, there are two
options at this point. If there are additional modes available,
the customer must indicate their desire to change modes or
continue with their current mode 610.
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If the customer decides not to switch modes, the off-node
from the previous segment is stored as the on-node of the
current segment at 616. A list of available chains for the
current mode and current node is supplied, and the custom-
er’s preferred chain is selected at 617. All valid geo-
headings are provided for the selected chain 618. In the case
of roadways, the customer is required to provide a turn
direction 619. Next, the transition between the chain the
customer is coming from, and the chain the customer is
going to, is identified at 620. Based on the previous infor-
mation provided, a set of valid off-node choices is displayed,
and the customer makes a selection 607. Prior to committing
this segment to the route, the information provided is
verified with the customer 608. When the route has been
completely defined, as determined at 609, it is stored in the
customer’s profile.

As further depicted in FIG. §, the customer determines the
type of service to be provided, either user-on-demand
request or automatic notification for each of the defined
routes 503. Other route specific information that is collected
is the notification device information and the notification
time window defined in an object of the customer route
detail class 505.

As illustrated in FIG. 7, MTIS 100 will receive informa-
tion about travel conditions and filter that information
according to the needs of the registered customers. It should
be understood in regard to depiction of FIG. 7 that, in the
interest of simplicity of illustration of connections, redun-
dant indication is made of several classes of stored data
including event text data and affected customer data
(including updated affected customer data). As is well-
understood in the art, management of this data is a familiar
and well-understood database function and is not critical to
the principles or practice of the invention. Additionally,
articulation of the memory or memories in which the various
categories of data depicted in FIG. 7 is unimportant to the
practice of the invention and irrelevant to the principles
thereof.

First, MTIS determines if a travel conditions report is for
a new travel conditions event, an update to an existing event
or a closure to a previously reported event at 701. If the
event is closed, meaning the travel condition no longer
exists, then the MTIS deletes customer data associated with
that event from the affected customers database as illustrated
at 703. When there is a new travel conditions event or update
to an existing event, customers are identified as being
affected by the reported travel conditions based on their
specific areas, route segment sequence numbers which
defines travel mode, and/or points of interest as indicated at
702 and a list of customers to be notified is built at 704. The
determination is then made as to which customers will need
to be automatically notified as indicated at 706. More
specifically, the function of determining affected customers
is preferably partitioned into three sub-functions: Build
Affected Customer List (Route Specific) 705, Determine
Customers to Auto-Notify 706, and Build Affected Cus-
tomer List (Area Specific) 704.

The sub-function, Build Affected Customer List (Route
Specific) 705, which is shown in greater detail in FIG. 8,
determines at 807 which customers are affected by the
reported travel conditions based on their personalized
routes, as defined in their customer profile. The processing
loops to A when no match is detected in order to sequentially
process all routes. Successful comparisons provide identi-
fication of the affected customer and corresponding route for
storage with information concerning the travel conditions
event as an affected customer list is built at 809 or 810 as
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determined at 808 by the type of event (e.g. planned or
unplanned) which has occurred.

It should be appreciated that the collective function of 809
and 810 is to determine customers which are affected by any
event, whether planned or unplanned, in order to enable
notification which may be ultimately carried out on either a
call-in or automatic notification basis or both. For a number
of reasons, including economy, advance knowledge and
notification of planned events and the likelihood of a cus-
tomer obtaining knowledge of planned events independently
of the system of the invention and other expedients dis-
cussed below, it is preferred to avoid automatic notification
of planned events and only include such information with
information about unplanned events that invoke automatic
notification. Thus, as a matter of processing economy and
system performance, it is preferred to separate planned and
unplanned events prior to building respective affected cus-
tomer lists for planned and unplanned events. As a design
alternative within the scope of the invention, it may be
preferable to determine if a customer is affected by a planned
event at the time a customer calls in in order to limit storage
of large customer lists. Otherwise, processing for determi-
nation of customers affected by a planned event can be
carried out at any convenient time.

Accordingly, further processing of affected customer data
occurs is preferably, but not necessarily, based on the
(planned or unplanned) type of travel conditions event
determined at 808 as will be discussed in connection with
FIGS. 9A and 9B for determining which customers to
automatically notify. In either case, if there are further
customers which may be affected by the event, the process
then loops to A until all customers have been processed to
determine if, in fact, their route(s) would be affected.

When all affected customers have been determined, the
automatic notification filter as illustrated in detail in FIGS.
9A and 9B is preferably performed only for those travel
condition events that are unplanned in nature (e.g. accidents,
fires, etc.) as indicated by the branch to C from process 810
in FIG. 8. Determining customers for Automatic
Notification, as illustrated in FIGS. 9A and 9B is principally
based on the notification criteria in the customer’s profile at
911 and the expected duration of the travel condition relative
to the customer-specified route notification times at 915, 916
and only these processing steps are essential to the filtering
for automatic notification.

The customer is preferably provided the option to deac-
tivate their MTIS service for a specified period of time (e.g.
out of town on vacation) and/or the option to deactivate the
automatic notification service on a particular route. MTIS
verifies that the customer’s profile is currently active at 912
and their pre-stored route(s) are also active, as determined at
913, 914 prior to performing the automatic notification
filtering process 916. Information about the customers that
require automatic notification are noted as such in the
affected customer list which is built and stored at 917. It
should be appreciated that the testing for active customers
and routes minimizes the data which must be processed for
each unplanned event, looping through E. The separation of
loops through A, C and E (and F of FIG. 10, as will be
described below) also allows concurrency or pipelining of
processing of the respective loops to improve system
response time.

The sub-function, Build Affected Customer List (Area
Specific) 704, determines which customers are affected by
the reported travel conditions based on the areas defined in
their customer profile FIG. 10, as illustrated at 1018. It stores
information about which customers are affected by each
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reported area travel condition and updates the affected
customer list at 1019 when information about an area travel
condition is updated. In this regard, it should be noted that
information regarding planned events is made available to
automatically notified customers upon occurrence of an
unplanned event since they will have already been placed on
a list of affected customers when advance information
concerning a planned event is received by MTIS 100. The
information is also made available to automatically notified
customers on a call-in basis in advance of the event. In this
regard, it is preferred in the interest of both desired func-
tionality and economy to allow access to personalized travel
information on a call-in basis for all customers including
automatic notification customers as an additional call-in
function beyond the functions affecting customer account
and profile changes, as will be discussed below in connec-
tion with FIG. 12. Therefore, it is preferred to build the
affected customer lists 809, 810 at least for unplanned events
in response to the occurrence or knowledge of the event,
even though determination of a customer affected by a
planned event may not be performed until call-in. Automatic
notification can also be readily provided by treating a
planned event as “unplanned” at 808 of FIG. 8 as of the
scheduled time of occurrence. If the event does not occur as
planned, of course, the event may be closed (subject to
reactivation as an unplanned event at 701, 703 of FIG. 7).

The delivery of personalized travel conditions informa-
tion to customers via their chosen delivery method (e.g.
telephone (wired & wireless), pager (one-way & two-way),
e-mail, facsimile, Internet, Intranet, in-vehicle device, etc.)
is performed in the function Request/Disseminate Person-
alized Travel Conditions Information which may be per-
formed at either PTCI system 203 or communication
medium interface 205 (FIG. 2), as may be considered to be
convenient. The appropriate travel conditions message is
built for each customer based on their affected route(s) and
their preferred communication device as specified in their
profile, as described above.

For automatic notification customers, a determination is
made when to notify each customer, based on their specified
notification time and the current date and time. This function
also handles the delivery of the travel conditions message(s)
to each affected customer over their specified device. In the
preferred embodiment of the invention, the Request/
Disseminate Personalized Travel Conditions Information
function has been partitioned into six sub-functions: Dis-
seminate Personalized Travel Conditions Information via
Phone (User on demand request), Manage Auto-
Notification, Disseminate Personalized Travel Conditions
Information via Phone (Automatic Notification), Dissemi-
nate Personalized Travel Conditions Information via Phone
(Automatic Notification), Disseminate Personalized Travel
Conditions Information via Pager (Automatic Notification),
Disseminate Personalized Travel Conditions Information via
Facsimile (Automatic Notification), Disseminate Personal-
ized Travel Conditions Information via e-mail (Automatic
Notification).

Preferred procedures for carrying out these sub-functions
are illustrated in FIGS. 13-18. An overview of a preferred
procedure for interfacing with a customer communicating by
telephone with the system is illustrated in the flow diagram
of FIG. 12. It will be noted in these Figures that processes
indicated are principally for the purpose of obtaining infor-
mation used in making a subsequent decision for branching
in the processing. In FIGS. 12, 13A-13D and 15, informa-
tion is preferably obtained by the playing back of recorded
inquiry messages, depicted by an arrow to a block labelled
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“customer”, and collecting responses to be correlated with
customer data through speech recognition, the details of
which are not important to the principles or practice of the
invention. Even rudimentary known speech recognition
techniques are sufficient to discriminate between possible
alternative responses. As these responses are collected or
previously captured or developed (e.g. affected customer
lists, decisions can be made which cause the respective
processes to branch, as desired, to carry out needed func-
tions expeditiously. By the same token, while separate
storage of such messages and customer data is depicted in
these Figures (and numerous similarly labelled stores
illustrated) for clarity, the articulation of memory for such
storage is not important to the principles of the invention. It
will be found convenient, however, to functionally group
such messages and customer data into files or the like to
speed access thereto and thus improve system performance.

While the preferred sequence of operations depicted in the
overview flow chart FIG. 12 for sections 60, 205 and 206 of
FIGS. 2 and 11 is not critical to the practice of the invention,
the procedure of FIG. 12 will be instructive to the develop-
ment of other procedures as may be desired. For example,
when a call is made to contact the system, the call is received
at 1201 and an introductory greeting is played in response,
as depicted at 1202. Then, as depicted collectively at 1203,
the customer’s personal identification number (PIN) is
requested by playback of a message in a similar fashion and
collected by speech recognition or telephone key actuation,
verified against stored customer account information and a
determination made as to the validity of the PIN.

If the PIN is not valid the caller is so informed at 1204 and
the customer is again prompted for a PIN number by looping
to 1203. Of course the number of loops (and permitted
attempts to supply a valid PIN number) may be limited, as
desired. If a valid PIN number is provided, the correspond-
ing customer account number or some alternative data
identifying the customer is stored, as illustrated at 1205, for
access to the customer’s personal profile data in accordance
with functions the customer may request in response to a
prompt at 1206.

Storage, at this point, of some data identifying the cus-
tomer also allows the system to maintain an active dialog
with a number of customers in subsequent processes which
will be described below which utilize two-way communi-
cation available with some communication media to which
the system is able to interface. It will be appreciated by those
skilled in the art that these processes constitute a pipeline of
substantial length and duration, particularly in consideration
of possible slow response time of a customer to prompts.
Therefore, by maintaining a list of customers engaged in
active dialog with the system, a processor of the system
(which preferably includes a plurality of processors operat-
ing in parallel) can switch to servicing a response/command
from another customer immediately upon completion of any
step of the process for any customer. Suitable techniques for
management of processing requests from a plurality of
customers by any single processor, whether or not in a
multi-processor environment, are known in the art and the
details of any such technique are not critical to the practice
of the invention.

The functions selectable at 1206 include a number of
functions to alter or update the customer’s personal data
profile (which should correspond to the number of types of
items provided therein) as well as to transfer the call to a
customer representative for special inquiries and services
and to end the call. As will be discussed below, travel
information can preferably be obtained on a call-in basis in
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the same manner that any other service related to the
customer account can be selected and the caller is preferably
prompted to select another service after any selected service
has been completed.

The sub-function, Disseminate Personalized Travel Con-
ditions Information via Telephone (Call-in—user on demand
request), manages the dialog between the end user and MTIS
and is illustrated in FIGS. 13A-13D. First, the system
verifies the customer’s account number and PIN as dis-
cussed above in connection with FIG. 12. Then it determines
the proper messages to provide based on the type of condi-
tions affecting the customer (e.g., area events, unplanned
events, planned events) and the options the customer chose
during the request. Specifically, the system receives the
customer request at 1301 which may be simply a recognition
that a request has been made as opposed to other functions
available through the interface of FIG. 12 or determination,
for example, which of a plurality of registered routes is the
subject of the inquiry. (A route could be registered imme-
diately prior to the inquiry by selecting the function of
updating the customer profile.)

The system then determines if the customer is affected by
current travel conditions based on active dialog data (e.g. a
newly registered route) and current affected customer lists,
as illustrated at 1302. At 1303, the process branches based
on the determination of whether or not the customer is
affected.

If the customer is not affected, a stored message is played
to the customer as shown at 1304 and corresponding usage
data is created and stored at 1305. The customer is then
given the option of selecting a weather message (beginning
at G of FIG. 13C). If the customer is affected, it is deter-
mined if the customer is affected by area events (1306,
1307). If so, and recalling that a customer could be affected
by both area and route events, and area events message is
played back to the customer. The customer is then preferably
given the option of having the message repeated (1309),
causing looping from 1310 to 1308. After such repetition, if
and as desired and commanded by the customer, service
usage data is developed at 1311 in the same manner as
discussed above in regard to 1305. Accordingly, it is to be
understood that development of usage information could be
the same processing module, with or without variation
depending, for example, on billing structures and rates, or
separate and independent processes within the scope of the
invention.

After usage data is developed for this function or if the
customer is not affected by area events, the process branches
to D (from 1311 or 1307, respectively) at the start of the
preferred process depicted in detail in FIG. 13B. At 1312, it
is determined if the customer is affected by route conditions.
If not, a stored message is played back at 1313 and usage
information is developed as described above in regard to
1305 and/or 1311 and the process continues to F of FIG.
13C.

If the customer is affected by route conditions, the cus-
tomer is prompted to specify a previously registered route by
a stored voice message which is preferably confirmed. Then,
as further shown at 1314, a determination is made if the
selected route is affected. It should be noted that this
procedure allows a newly registered route to be processed
against existing conditions as discussed above in regard to
FIG. 9B since registration of a new route will cause that
portion of the auto-notification list process to become
incomplete even if previously completed for all previously
registered routes. That is, after the process is completed for
all currently registered routes, it enters a “wait” state
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depicted by dashed line 919. A new route registration then
causes branching at 918 to E to process the new route and
re-entry of the wait state.

If the selected route is not affected, a pre-recorded mes-
sage is played back and customer usage data is created
(1315), in the manner discussed above. The customer is then
given the option (13124) of selecting another route and, if
selected, the process loops back to E and 1314. If another
route is not selected the process continues at F of FIG. 13C
for planned event information.

If any selected route is affected by current conditions, as
determined at 1314, an event voice message is played back
to the customer and can be repeated at will on customer
command as described above. Then, as further depicted at
1316, customer usage data is created as previously described
and the customer is allowed to select another route as
described above. This function allows the customer to
compare alternate routes which have been registered to find
an unaffected route or to compare condition information
between affected routes.

At the end of the process depicted in FIG. 13B (after the
customer has indicated that no further routes are to be
selected, causing branching and looping to E), the process
continues at F of FIG. 13C. At 1317, the customer is
prompted by playing back a stored message to indicate
whether planned event information is desired. If planned
event information is not desired, the process branches to G
and the customer is prompted by playing back another stored
message to indicate if weather information is desired, as
indicated at 1321 and the process continues as will be
discussed below in connection with FIG. 13D.

If planned event information is desired, it is determined
from affected customer lists, built as discussed above with
reference to FIG. 8, if the customer’s registered routes are
affected by any planned event. If the customer is not
affected, a stored message is played back to so indicate and
usage data is created at 1319. If the customer is identified as
affected from the affected customer lists, a stored event
message is played back, may be repeated on demand in a
manner similar to that discussed above and corresponding
usage data is created at 1320. The process continues by
prompting the customer to indicate if weather information is
desired at 1321, as discussed above, and the process
branches to H or I of FIG. 13D in accordance with the
customer’s positive or negative response, respectively.

If the customer desires weather information, the process
branches to H and the customer’s registered area is found, as
indicated at 1322. The weather message for the correspond-
ing area is then played back and repeated on demand (or by
default until the customer exits the message) in the manner
discussed above, as indicated at 1323. Corresponding usage
data is then created at 1324. This step completes delivery of
all services available in the preferred embodiment of the
invention although other services could be provided in a
similar manner to those described above if additional data is
made available to the system.

The process is completed by the playback of a closing
message to the customer, the call is disconnected and the
customer identifying data is deleted from the active dialog
data stored as discussed above at 1205. Although it is not
anticipated to be likely for most call-in services, the closing
message could be arranged to allow branching to 1207 of
FIG. 12 for further services, such as to provide for direct
communication with an operator of the system. This may be
useful to a customer to, for example, determine onset or
other details of an event of interest or to make a report of a
condition observed by the customer which was not satisfac-
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torily reported by the system during the above-described
call-in service process.

Manage Auto-Notification, a preferred form of which is
illustrated in detail in FIG. 14, preferably runs substantially
continuously (e.g. can be interrupted, if at all, only by
extremely heavy call-in processing loads or when the current
time and a subsequent interval does not correspond to any
customer notification request time). This processing deter-
mines which of the affected customers need to be notified at
any given time, based on the customer’s specified notifica-
tion time window and the current date and time as illustrated
at 1401. It also determines which notification device should
be used, based on information contained in the customer’s
profile as illustrated at 1402. This information is retrieved
and used to cause the process to branch at 1403 to one or
more of the processes illustrated in FIGS. 15A-18.

It should be understood that it is preferred to provide at
1403 for invoking as many of the modes of information
dissemination as the customer may specify during registra-
tion. Such service may be desired where a given customer,
for example, wants a hard copy by facsimile or a record by
e-mail of any report made by telephone or where the
customer may be in different locations that have only
different notification media available during the registered
auto-notification window. This may also include simulta-
neous processing (or serial iteration) of a plurality of
instances of any of the processes for communication illus-
trated in FIGS. 15A-18. Such service may be desired by a
given customer, for example, who may be in any one of a
number of locations providing the same notification media
during the registered notification window.

The sub-function, Disseminate Personalized Travel Con-
ditions Information via Phone (Automatic Notification), a
preferred form of which is illustrated in FIGS. 15A and 15B,
manages the automatic delivery of personalized travel con-
ditions information messages via telephone. It should be
noted that an active dialog is preferably not provided for
auto-notification but could be accomplished in the manner
discussed above for call-in serve processing, if desired.

This sub-function, when invoked by the process of FIG.
14, described above, determines the correct phone number to
use to contact each customer and manages the system
according to the phone call response (e.g. answered by a
person, answered by an answering machine, busy signal, or
no answer) by branching at 1502. If the call is answered, it
is determined if the answer was by a person or an answering
machine, branching to 1503 or 1504, respectively. The
procedures in these respective branches are identical except
for providing repetition of the message which is available
from an answering machine and thus need not be provided
by the system. The route name of the affected route will
generally be implicit in the event message and it is thus
preferred in the interest of minimization of call duration to
omit the route name from message repetition. A single
playback of the route name, however, is considered to be
desirable to orient the customer for receiving the event voice
message.

Accordingly, in contrast to any or all of the loops such as
from 1310 to 1308 of FIG. 13A, described above, repetition
in branch 1503 should not be provided by default or the
number of default repetitions should be limited in the event
that an answering machine is not recognized and branch
1504 taken. In either branch when a successful connection
is made, this function determines the proper messages to
play to the customer based on the type of conditions affect-
ing that customer and playback is sequentially provided of
a system greeting, an affected route name message, an event
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message and a closing message, after which the call is
disconnected, usage information is created and stored and
the customer is marked as notified and thus removed from
the list of affected customers processed in accordance with
FIG. 14 as discussed above.

If the call is not answered, the portion of the sub-function
illustrated in FIG. 15B will make a pre-defined number of
attempts to deliver the message if a busy signal or no answer
is received. That is, a predetermined but arbitrary number of
rings is allowed at loop 1505 prior to disconnection at 1506.
Disconnection is preferably done immediately if a busy
signal is detected. When the call is disconnected without
delivery of a message, the number of retries is updated and
stored with affected customer data. As indicated at 1509, a
retry will be made under control of the auto-notification
management processing of FIG. 14 until an arbitrary maxi-
mum number of retries is determined to be exceeded at
1508. The order of customers for retry is not particularly
important but it is preferred to try (and retry) auto-
notification for each customer determined in FIG. 14 prior to
(another) retry for a given auto-notification customer since
it is believed that such an order maximizes timeliness of
notification and likelihood of success in notification of a
maximum number of customers while minimizing telephone
system usage.

Referring now to FIG. 16, if branch D is invoked at 1403
of FIG. 14, an e-mail message is built from travel conditions
messages, preferably received in a standardized form, input
to the system at 207 of FIG. 2. Disseminate Personalized
Travel Conditions Information via e-mail (Automatic
Notification) manages the delivery of personalized travel
conditions information messages via e-mail. It assembles the
personalized travel conditions message according to a pre-
defined format needed for an e-mail message. It determines
the correct e-mail address and sends the e-mail message out
over the Internet. The customer’s registered e-mail address
and the e-mail message are delivered to the internet at 1602.
Provision for retry is not generally necessary since the
internet service provider/server is arranged to be accessible
and will carry out notification of the e-mail client and deliver
the message on demand.

Disseminate Personalized Travel Conditions Information
via Pager (Automatic Notification), illustrated in FIG. 17,
manages the delivery of personalized travel conditions infor-
mation messages via pager. It assembles the personalized
travel conditions message according to a pre-defined format
needed for each customer’s pager. It determines the correct
phone number to use to contact each customer’s pager
company. It manages the system according to the phone call
response (e.g. answered, busy signal, or no answer) and
delivers the pager message when a successful connection is
made. The sub-function will make a pre-defined number of
attempts to deliver the message if a busy signal or no answer
is received.

The sub-function, Disseminate Personalized Travel Con-
ditions Information via Facsimile (Automatic Notification),
illustrated in FIG. 18 manages the delivery of personalized
travel conditions information messages via facsimile. It
assembles the personalized travel conditions message
according to a pre-defined format needed for a facsimile. It
determines the correct phone number to use to contact each
customer’s fax machine. It manages the system according to
the phone call response (e.g. answered, busy signal, or no
answer) and delivers the facsimile when a successful con-
nection is made. The sub-function will make a pre-defined
number of attempts to deliver the message if a busy signal
or no answer is received.
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Delivery of notification by pager or facsimile thus differ
somewhat from delivery of e-mail messages illustrated in
FIG. 16 since, as with telephone notification, the facsimile
address may return a no answer or busy signal. Accordingly,
while a pager or facsimile message is built at 1701, 1801,
respectively, and the pager or facsimile address retrieved
from the customer’s profile at 1702, 1802, respectively, in
much the same manner as an e-mail message is built and
addressed (but with suitable signal conversion for the
intended device), branching is provided at 1703, 1803,
respectively, to accommodate the possibility of a busy or no
answer signal being returned.

Branches E' and F', collectively indicated at 1704, will be
recognized as the process for limiting the number of retries
illustrated in FIG. 15B and entered at E and F thereof,
respectively, as discussed above, except that the process can
also be entered at 1705, 1805 by detection of an unsuccess-
ful transmission after successful connection at 1706, 1806.
If the transmission is successful, the call is thereafter
disconnected, service usage data is created, the customer is
marked as notified and the message is deleted in whole or in
part, as indicated at 1808. Deletion of only the address and
personalized information such as the customer’s registered
name for an affected route may be preferable to rebuilding
the entire message for each customer particularly for fac-
simile messages. In this regard, it may also be advantageous
to alter notification order among auto-notification customers
having a common or concurrent notification window by
pager company to limit processing for rebuilding a portion
of the pager message which will be common to a plurality
of customers.

In summary, FIG. 11 illustrates the functional architecture
of the MTIS similar to that of FIG. 2 but articulated to
facilitate explanation in the context of an operational sce-
nario. For example, a Traveler calls a customer service
operator at the customer service center to become a regis-
tered user. The traveler then specifies, at a minimum, the
following information: route(s) normally traveled, time of
day the travel occurs, preferred means of notification (e.g.
delivery devices) including, if desired a notification time
window (which is otherwise, by default, the current time),
and name, address, billing information (such as credit card
number and expiration date). Using a profile entry
workstation, the Customer Service Operator (or a network-
connected customer) enters the data supplied by the traveler
into their personal MTIS profile. A MTIS profile for that
traveler is then created and the traveler becomes a registered
user.

Concurrently, the staff or system or a combination of the
two at the Traveler Information Center (TIC) continuously
updates the Database containing the travel conditions infor-
mation 201, or the travel conditions database is automati-
cally updated with the travel conditions event. The primary
source of this data is the Data Collection Infrastructure 20.
This infrastructure gathers information through a variety of
legacy (e.g. existing) transportation systems (e.g. loop
detectors, video cameras, traffic operations managers,
police, etc.). The data provided from each respective source
will be in a predictable form from which automatic conver-
sion for use by the system of the invention can be readily
accomplished by techniques known by those skilled in the
art. The traffic operations managers of the data collection
infrastructure provide the information to the MTIS system in
the geo-reference scheme defined in FIG. 3 and preferred
event scheme defined in FIG. 4. If this information is not
provided in the format defined in FIGS. 3 and 4, then the
synthesis (e.g. fusing and packaging) of event data must be
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translated by either the MTIS or another system in accor-
dance with FIGS. 3 and 4.

The staft/system at the TIC then use the contents of the
Database 201 as they describe the Traffic Conditions and
Effects for specific areas 301 (FIG. 3). Descriptions of these
events and their affects are in text and/or audio recordings
(e.g. phoneme data for a voice synthesizer). Text descrip-
tions are disseminated via the Internet, FAX, e-mail, and
Pager, collectively indicated at 205. Voice is recorded to be
disseminated via the telephone. Both voice and text descrip-
tions will be stored at 201 for repeated use.

Registered Users are informed of transportation condi-
tions and their corresponding effects along their route. This
occurs through the following steps:

1. The MTIS service will determine at 203 which of the
routes traveled by Registered Users are affected by the
current transportation conditions,

2. The MTIS service will also determine at 203 determine
which Registered Users have a profile which indicates
that they are using that route in the affected time frame,
and

3. The MTIS service will communicate (60, 205) with the
affected Registered Users via their chosen Delivery
Device. If telephone were chosen, then the Registered
User would be called and a voice recording would
describe the situation. If FAX, e-mail, or Pager were
chosen, then the Registered User would receive a
text-based message.

Following this initial notification, Registered Users can
request up-to-date information concerning a route by tele-
phoning the MTIS service and specifying the route infor-
mation. If any customer problems exist with their MTIS
service, the Registered Users contact the customer service
center’s (204) Help Desk. A Customer Service Operator will
record and track the problem. On a periodic basis, service
usage statistics are collected to determine the frequency of
the services utilized for off line analysis 206.

In the User On-Demand Request or call-in mode of
operation for the Multi-Modal Traveler Information System
(MTIS), the determination of whether a customer is affected
by certain travel conditions can be performed in different
ways. The main approach for determining affected
customers, described above, has the determination being
performed when the condition is reported. Customers that
are affected by the condition are then stored in a database.
When the customer contacts the MTIS, the database is
checked to see if the customer is affected, and if so, the travel
conditions information is reported to the customer.

This method requires information about customers
affected by a travel condition to be stored in a database until
that travel condition has ended. For certain travel conditions,
such as severe weather (that would affect many customers at
once) or road construction (that would affect a set of
customers for a long period of time) the database could
become quite large and more difficult to manage. As an
alternative, the determination of customers affected by cer-
tain travel conditions, such as severe weather or road
construction, could be performed at the time the customer
contacts the MTIS. This way, there would be no requirement
to store data about affected customers. However, MTIS
response time may be adversely affected.

In view of the foregoing, it is seen that the system and
method in accordance with the invention provides matching
of available travel condition information with a user’s needs
and preferences in regard to notification time window and
communication medium. The system and method supports
on-demand, call-in provision of information as well as
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automatic notifications of events and allows the user to
evaluate alternative routes and travel options at each node of
a route. The system and method limits communicated infor-
mation in regard to user identity, destination, route, node of
conveyance and/or intended travel time and allows commu-
nication to include user-specified nomenclature for a route
or portion thereof.

While the invention has been described in terms of a
single preferred embodiment, those skilled in the art will
recognize that the invention can be practiced with modifi-
cation within the spirit and scope of the appended claims.

Having thus described my invention, what we claim as
new and desire to secure by Letters Patent is as follows:

1. A method for selecting information from a database
containing data and messages corresponding to said data and
communicating said selected information of interest to a
particular user in a selected manner, said method including
the steps of

registering personal information of interest and personal
delivery information data in accordance with identifi-
cation data for each user,

constructing a filter from said personal information of
interest to said user,

filtering generalized information input to said database in
accordance with said filter to construct a list of user
identifications corresponding to said generalized
information, and

retrieving and communicating to a user identified in said
list of user identifications a message corresponding to
personal information of interest to said user corre-
sponding to said generalized information input to said
database in accordance with said personal delivery
information corresponding to said user identified in
said list of user identifications.

2. A method as recited in claim 1, further including the
steps of

registering a communication medium for a user, and

constructing a message in accordance with said commu-

nication medium registered in said step of registering a
communication medium.

3. A method as recited in claim 2, wherein said commu-
nication medium is one of a wired or wireless telephone link,
a pager, a facsimile device and e-mail.

4. A method as recited in claim 1, further including the
step of

repeating said retrieving and communicating step for each

user identified in said list of user identifications.

5. A method as recited in claim 1, comprising the further
step of

repeating said filtering step responsive to each entry of

generalized information to said database.

6. A method as recited in claim 1, comprising the further
step of

performing said filtering step responsive to an inquiry by

a user.

7. A method as recited in claim 1, further including the
steps of

registering a time window for a user;

filtering said list of user identifications against said time
window; and

performing said retrieving and communicating step for a
user in accordance with said time window and a current
time.
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8. Amethod as recited in claim 1, wherein said messages
include an identification, specified by said user, of personal
information used in said step of constructing said filter.

9. A method as recited in claim 1, wherein said informa-
tion of interest is in the form of attributes.

10. A method as recited in claim 9, wherein said infor-
mation of interest includes a geo-referenced area.

11. A method as recited in claim 10, wherein said
attributes include a geo-referenced location and travel mode.

12. A method as recited in claim 9, wherein said infor-
mation of interest includes a geo-referenced location and
travel mode.

24

13. A method as recited in claim 1, wherein said gener-
alized information is travel condition information and said
information of interest is multi-modal travel information
corresponding to at least one geo-referenced area and at least
one of a plurality of travel modes.

14. A method as recited in claim 1, wherein said delivery
information includes a desired delivery time.

15. A method as recited in claim 1, wherein said delivery

10 information specifies delivery upon user call-in.
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