US 9,129,522 B2

7

190 may be configured to utilize output data 180 for gener-
ating real-time dynamic routing 196.

Many applications of the output data 180 are contemplated.
For example, filling in missing speed values 162 from col-
lected GPS data 112 and estimating traffic link speed 182 for
all links 116 at all time periods therefrom enables, as noted
above dynamic, real-time routing 196 of all aggregated traffic
in a network comprised of inter-connected road segments.
Such dynamic routing 196 is useful for alleviating congestion
on roadways and aiding traffic planners in real-time for
improving work zone safety and efficiency in mass transit
operations in response to current traffic speeds. Operational
analytics 194 has applicability in congestion, mass transit,
and work zone management, such analytics may also be use-
ful in modeling real-time responses during disaster and emer-
gency situations, such as for example traffic routing during
tornado warnings in metropolitan areas. A complete link esti-
mate 182 of traffic speed enables visualization 192 of traffic
data that may be realized in a number of ways, such as in an
animated map for distribution to media outlets or web appli-
cations, and may be specifically configured for display using
a mobile device.

The systems and methods of the present invention may be
implemented in many different computing environments 120.
For example, they may be implemented in conjunction with a
special purpose computer, a programmed microprocessor or
microcontroller and peripheral integrated circuit element(s),
an ASIC or other integrated circuit, a digital signal processor,
electronic or logic circuitry such as discrete element circuit, a
programmable logic device or gate array such as a PLD, PLA,
FPGA, PAL, and any comparable means. In general, any
means of implementing the methodology illustrated herein
can be used to implement the various aspects of the present
invention. Exemplary hardware that can be used for the
present invention includes computers, handheld devices, tele-
phones (e.g., cellular, Internet enabled, digital, analog,
hybrids, and others), and other such hardware. Some of these
devices include processors (e.g., a single or multiple micro-
processors), memory, nonvolatile storage, input devices, and
output devices. Furthermore, alternative software implemen-
tations including, but not limited to, distributed processing,
parallel processing, or virtual machine processing can also be
configured to perform the methods described herein.

The systems and methods ofthe present invention may also
be partially implemented in software that can be stored on a
storage medium, executed on programmed general-purpose
computer with the cooperation of a controller and memory, a
special purpose computer, a microprocessor, or the like. In
these instances, the systems and methods of this invention can
be implemented as a program embedded on personal com-
puter such as an applet, JAVA® or CGI script, as a resource
residing on a server or computer workstation, as a routine
embedded in a dedicated measurement system, system com-
ponent, or the like. The system can also be implemented by
physically incorporating the system and/or method into a
software and/or hardware system.

Additionally, the data processing functions disclosed
herein may be performed by one or more program instruc-
tions stored in or executed by such memory, and further may
be performed the by one or more modules configured to carry
out those program instructions. Modules are intended to refer
to any known or later developed hardware, software, firm-
ware, artificial intelligence, fuzzy logic, expert system or
combination of hardware and software that is capable of
performing the data processing functionality described
herein.
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The foregoing descriptions of embodiments of the present
invention have been presented for the purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. Accordingly,
many alterations, modifications and variations are possible in
light of the above teachings, may be made by those having
ordinary skill in the art without departing from the spirit and
scope of the invention. It is therefore intended that the scope
of the invention be limited not by this detailed description.
For example, notwithstanding the fact that the elements of a
claim are set forth below in a certain combination, it must be
expressly understood that the invention includes other com-
binations of fewer, more or different elements, which are
disclosed in above even when not initially claimed in such
combinations.

The words used in this specification to describe the inven-
tion and its various embodiments are to be understood not
only in the sense of their commonly defined meanings, but to
include by special definition in this specification structure,
material or acts beyond the scope of the commonly defined
meanings. Thus if an element can be understood in the context
of'this specification as including more than one meaning, then
its use in a claim must be understood as being generic to all
possible meanings supported by the specification and by the
word itself.

The definitions of the words or elements of the following
claims are, therefore, defined in this specification to include
not only the combination of elements which are literally set
forth, but all equivalent structure, material or acts for per-
forming substantially the same function in substantially the
same way to obtain substantially the same result. In this sense
it is therefore contemplated that an equivalent substitution of
two or more elements may be made for any one of the ele-
ments in the claims below or that a single element may be
substituted for two or more elements in a claim. Although
elements may be described above as acting in certain combi-
nations and even initially claimed as such, it is to be expressly
understood that one or more elements from a claimed com-
bination can in some cases be excised from the combination
and that the claimed combination may be directed to a sub-
combination or variation of a sub-combination.

Insubstantial changes from the claimed subject matter as
viewed by a person with ordinary skill in the art, now known
or later devised, are expressly contemplated as being equiva-
lently within the scope of the claims. Therefore, obvious
substitutions now or later known to one with ordinary skill in
the art are defined to be within the scope of the defined
elements.

The claims are thus to be understood to include what is
specifically illustrated and described above, what is concep-
tually equivalent, what can be obviously substituted and also
what essentially incorporates the essential idea of the inven-
tion.

The invention claimed is:

1. A method of determining real-time traffic speed over a
plurality of links in a transportation network, comprising:

ingesting collected global positioning system (GPS) data

from one or more sources and link data representing one
or more links forming a transportation network;
processing the collected GPS data within a computing
environment comprised of hardware and software com-
ponents and a plurality of data processing functions
executed by at least one processor and configured to fill
in speed values missing from GPS data, by:
initiating a model of rescaled speed estimation by map-
ping the collected GPS data to the to one or more links
comprising a transportation network, identifying a set



