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LINEAR REFERENCING

Linear referencing is the process of associating
events to a network. The network may represent
roads, rivers, pipelines, or any connected set of linear
features. The events associated with the network may
be pavement conditions, road sign locations, or any
objects that are best located by their positions along
the network. Linear referencing is a georeferencing
process in which the underlying datum is a network
rather than a coordinate system. In this entry, the ele-
ments of linear referencing are defined, the benefits
of employing linear referencing are summarized, and
a seven-step process for performing linear referenc-
ing is outlined.

Linear Referencing Defined

A linear referencing system (LRS) is a support system
for the storage and maintenance of information on
events that occur along a network. A LRS consists of
an underlying network that supplies the backbone for
location, a set of objects with well-defined geographic
locations, one or more linear referencing methods
(LRM), and a set of events located on the network. A
linear referencing method is defined as a mechanism
for finding and stating the location of a point along a
network by referencing it to a known location. A LRM
determines an unknown location on the basis of a
defined path along the underlying transportation
network, a distance along that path location, and—
optionally—an offset from the path.

The Benefits of Linear Referencing

The primary benefit of using linear referencing is that it
allows locations to be readily recovered in the field,
since these locations are generally more intuitive than
locations specified with traditional coordinates. Second,
linear referencing removes the requirement of a highly
segmented linear network, based on differences in
attribute values. More specifically, there are many net-
work attributes that do not begin, end, or change values
at the same points where the network is segmented. The
implementation of linear referencing permits many dif-
ferent attribute events to be associated with a small set
of network features. Moreover, linear referencing allows
attribute data from multiple sources to be associated
with the network, promotes a reduction in redundancy
and error within the database, facilitates multiple carto-
graphic representations of attribute data, and encourages
interoperability among network applications.

Linear Referencing as a Process

To implement linear referencing, several procedures
must be completed. These procedures are presented as
an iterative seven-step linear referencing process.

Determine Application,
Representation, and Topology

There are fundamental differences in the structure
of networks for different applications. Road and river
networks, for example, do not have similar topological
structures. The attributes and the analytical methods
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associated with different network types require differ-
ent network representations. Therefore, the first step
in a linear referencing process is to define which net-
work data sets and spatial representations are to be
employed for the application at hand.

Determining Route Structure

The next step is to determine the route structure.
The term route in this context is the largest individual
feature that can be uniquely identified and to which
events can be linearly referenced. Any linear feature
can become the underlying element defining routes,
but, generally speaking, a route should be longer than
the events to be referenced so that event segmentation
is minimized. For example, if streets are the target net-
work for linear referencing, one may want to define the
routes as single entities that represent the entire north-
bound and southbound directions of travel along the
street, even though there are many underlying features
(different blocks of the street between intersections) in
the network data set. Routes may be further divided if
the street name or prefix changes somewhere along the
length of the route. Figure 1 shows the definition of
four routes along an arterial road, based on direction of
travel, street name, and street prefix.

State St.

Determining Measures

The third step is to determine measures along
the routes. There are three considerations in doing so: the
most appropriate unit of measure, the source for the
measure values, and the direction of increasing mea-
sures. The most appropriate unit for measures along
routes is a function of the application and the audi-
ence. The source of measure data has historically been
of subject of intense debate. In some cases, data col-
lected in the field and stored in databases external to
the GIS are of higher quality. Increasingly, the capture
of GIS data using remote-sensing technologies has
raised the accuracy of spatial databases and encour-
aged their use for measurements along networks. The
direction of increase of measure values should be con-
sistent with the needs of the application and should be
logically consistent with the topological structure. For
example, if linear referencing is to be used in the con-
text of emergency response, the measures would best
be designed to increase such that they are consistent
with increasing address ranges along the streets.

Create Events

Given a set of routes and measure information asso-
ciated with those routes, the next step is the collection
of event data. Event data are occurrences

along the network. Events can be point or

linear in character. Point events represent

objects located at specific measures along

a route. Linear events have a consistent

attribute along the network. There are

an infinite number of possible events to

locate along a network. Typical point

events may be the locations of street signs
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or bridges along a road network, switches
along a rail network, or monitoring sta-
tions along a river. Linear events could
represent varying pavement conditions
s along the road, speed limits on a rail net-
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work, or depths associated with a river.

Events can be digitized from maps, col-
lected in the field, or automatically gener-
ated by remote sensing technology.

Display Event Data,
Cartographic Output

Linear referencing provides new infor-

Figure 1 Defining Routes

mation regarding network processes, but
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this can lead to poor cartography due to graphical clut-
ter and information overload. Therefore, the next step
is to carefully choose the parameters for display of
the events. The display of linearly referenced events is
referred to as dvnamic segmentation. The decisions
regarding display of event data are dependent on several
factors, including the media on which the data will be
displayed and the scale of the representations. One visual
benefit of dynamically displaying event data is the abil-
ity to display multiple linear events along the same fea-
ture, accomplished through offsetting the events so that
all events are visible in relation to the route itself and in
relation to other events. A common example of this is
seen on subway route maps. Figure 2 shows three types
of events offset from the underlying road network in
order to display them all simultaneously.

Analysis With Linear Referencing

With routes and event data in hand, analysis can be
performed through techniques such as overlays, inter-
sections, and other spatial analysis techniques incor-
porated in GIS. In some cases, linear referencing

allows new database queries to be made that differ
from those based on the underlying network.
However, while significant analytic capability is
added with linear referencing, other traditional GIS
analytic capabilities are lost. Most important, events
do not contain topological information that is manda-
tory for most network analysis. For this reason, both
traditional network and event representations must be
maintained coincidently.

Data Maintenance

To keep this newly created linear referencing sys-
tem functional, it is important that the route and event
data be maintained properly. Geometric changes dur-
ing editing, changes in measure values with the move-
ment of real-world features, and the addition of more
precise measurements all demand an ongoing process
of data maintenance.

Kevin M. Curtin

See also Data Modeling; Network Analysis; Representation

5
.
\\.\Q.
RO
S
REIS
2@
REIS
‘e *
h o ¢
Dy o ¢
Do Te ©
Ry, *, @
0 . ¢
. R
b @
.
KA
N
NO&
"o ¢
N ¢
B e ¢
\:0

=w===i Bus Route Events
e R oads
% Address Range Events

II]]] Street Name Events

Figure 2

Dynamic Segmentation to Display Multiple Events
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