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1.0  INTRODUCTION 
 
The desire to share information should be one goal of all State agencies.  In order to do so, all 
involved parties must have similar data in one respect or another.  This is particularly true in 
the arena of road and highway management where the unifying element for data and 
information is management.  
 
A linear referencing system is a way of formalizing how we talk about and refer to location.  
The NCDOT has adopted a location referencing method referred to as the "LRS."  The LRS 
provides a unique and permanent generic name for all North Carolina roads.  This report 
focuses on how to determine which road(s) constitute an LRS route. 
 
Three approaches to identifying LRS routes are considered herein.  Each utilizes a set of rules 
that define how LRS routes are selected.  The difference between the approaches is that one is 
"manual," one is "automated," and one is "algorithmic." 
 
This study of the manual and automated generation of LRS routes is a follow up to a similar 
study completed in June 2000, which focused on generating a linear referencing system for 
North Carolina using multiple computer algorithms and different constraints, or rules. The 
initial study was completed on two North Carolina counties, New Hanover county and Pender 
county. 
 
This study encompasses a four-county highway network including New Hanover, Pender, 
Sampson, and Duplin counties.  This study allows a comparison to be made to the earlier 
study, it seeks to validate the earlier results, and it identifies the most effective way of 
determining the desired standardized LRS routes. 
 
1.1  Background 
 
Previously, as mentioned above, a study was completed on generating a base linear 
referencing system for a two county group of roads and highways using computer algorithms.  
The two counties studied previously were New Hanover and Pender, two of the counties that 
are also included in this study. 
 
In the previous study, both link-node and LRS location referencing systems were described.  
The goal of the study was to take the preexisting link-node system and use it to generate LRS 
routes through defining and experimenting with multiple sets of constraints (referred to as 
route generation criteria).  The primary criteria included the length of LRS routes, the number 
of different LRS routes, processing time duration, ease of algorithm development, and visual 
inspection.  The resulting algorithms were designed to use data that was previously stored in 
the link-node format to generate similar sets of data, only this time the output was to be in the 
linear referencing system format. 
 
In using multiple algorithms based on different criteria, different solutions for the LRS routes 
were found, as was to be expected.  These solutions provided several different configurations 
of a linear referencing system for the North Carolina Department of Transportation.  After 
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analyzing these different configurations of criteria, a strategy for establishing the linear 
referencing system was identified.  The strategy was different for primary and secondary 
posted routes because the nature of these types of routes is quite different.  
 
Upon completion of this original study, it was determined that for the two county group, 
"longest posted route" for primary routes and "longest state or county route" for secondary 
routes, would provide the most efficient and productive base linear referencing system.  
"Longest posted route" means that the new LRS routes would follow posted routes for the 
primary roads to produce the longest routes possible and "longest state or county route" 
means that the new LRS routes for the secondary roads would follow posted routes, but upon 
reaching the end of the route, is allowed to pick up another secondary route in order to 
produce the longest route possible. 
 
1.2  Purpose of this Study 
 
The previous study used a set of rules and a link-node referencing system as input to generate 
(through computer algorithms) LRS routes as output.  Two additional approaches were taken 
in this study.  One was to use a set of rules and a GIS map as input to generate (through 
human thought) LRS routes as output.  The initial study was based on records in a link node 
database; this approach is based on a GIS map.  The second approach taken here is to use 
nothing but a physical map as input and to generate (through human thought) LRS routes as 
output in an entirely manual manner. 
 
In doing so, the study seeks to answer the question, "What would the results be if this base 
linear referencing system was created using the alternative approaches?"  Additionally we 
would want to know how the results compared to the algorithmic approach and how long it 
would take to do the job using the automated or manual approaches.  Answering these 
questions is the core objective of this study.  In answering them we hope to determine an 
appropriate method(s) for generating a linear referencing system for the roads and highways 
in North Carolina. 
 
1.3  Scope 
 
One of the recommendations upon the completion of the initial research project was to use a 
larger test case to further validate the results.  The larger test case should have more roads and 
fewer limiting boundaries, unlike those of New Hanover and Pender counties.  With this in 
mind, a four county region was selected.  The counties studied were New Hanover, Pender, 
Sampson, and Duplin. 
 
These four counties were chosen because they provided a larger test case with a greater 
number of roads, a system with fewer limiting boundaries (Sampson and Duplin are not 
bounded by any body of water), and they include the two counties used in the initial study.  
Using these four expanded the size of the test case yet still allowed the results to be directly 
compared to those of the initial counties of New Hanover and Pender. 
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2.0  LINEAR REFERENCING SYSTEM 
 
The goal of this study is to create LRS routes given tabular Pavement Management Unit data 
that is stored in link-node format.  The remainder of this section has been extracted from the 
report that described the previous study mentioned above (Janisch 2000).  Its purpose is to 
clearly illustrate the link-node system, the LRS system, and what LRS routes are.  In doing so 
the reader can begin to envision the transformation from tabular data in a link-node format to 
an LRS format. 
 
2.1  Generic Link-Node System Definition 
 
A link-node system is a way of defining a network through a series of points and arcs 
otherwise referred to as nodes and links, respectively [GeoDecisions 1997].  A node is simply 
defined as a point along an arc that marks the beginning or ending of a link.  A link is defined 
as arc that connects two node points.  Therefore, nodes are connected through a series of 
links.  
 
Consider an example.  Figure 2.1 displays a link-node topology and Table 2.1 defines that 
same link-node topology in tabular relational database form.  Each link is provided with a 
unique identification number, Link ID, and is associated with its FNode and TNode.  The 
FNode (From Node) is a node that defines the “beginning” point of a link.  The TNode (To 
Node) defines the “ending” point of a link.  The topology, or connectivity of a chain of links 
that comprise the overall network, is defined by matching a link’s TNode to another link’s 
FNode or vice versa. 
 
 Figure 2.1:  Link-Node System 
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 Table 2.1:  Link-Node System 
Link ID FNode TNode Length (mi) 

L122 N11 N13 0.85 
L123 N12 N13 1.00 
L124 N13 N14 1.25 
L125 N14 N15 0.75 
L126 N14 N16 0.85 

 
Note that Figure 2.1 and Table 2.1 inherently imply directionality.  Words like from and to 
imply a starting and ending point and, in the example shown, the Node ID and Link ID 
sequencing increases in order of FNode to TNode.  But this is not a necessary constraint on 
the link-node system.  It could be that in lieu of FNode and TNode we used “node at one 
end” and “node at other end” as identifiers.  In doing so, directionality becomes irrelevant and 
node and link numbering need not imply any sequencing or directionality.  Such is the case in 
the NC DOT Pavement Management Unit database.   
 
2.2  Linear Referencing System Definition 
 
A linear referencing system groups multiple links together and assigns them the same name or 
ID.  It also provides each node along a chain of links with a milepost marker instead of a node 
number to identify its geometric position along a chain.  However, a linear referencing 
system, unlike a conventional posted route or milepost system, provides a unique and flexible 
way of referencing links, segments of links, and multiple links within roads and highways.  
That uniqueness stems from the fact that every road has a single and unique generic identifier.  
Once a portion of pavement is assigned an LRS ID, it is permanent.   
 
Figure 2.2 displays the LRS and Table 2.2 defines the LRS in tabular form.  Any portion of 
road has only one identifier (LRS 1, LRS 2, LRS 3).  There is no overlap of names or 
identification.  Thus, mileage does not overlap either, except at nodes.  For example, the 
portion of roadway on LRS 1 between MP 1.00 and MP 2.25 had no other possible MP or 
mileage specification.  Additionally, fewer records are needed in the database to describe 
location as shown in Table 3.4.  (Note that it is merely coincidence that LRS 2 and LRS 3 are 
of the same length). 
 
Milepost markers are assigned to nodes and represent the total length of the LRS route up to 
that point with the origin being at the state boundary or the beginning of the road.  The total 
length of the LRS route is the summation of the individual link lengths that comprise the 
equivalent link-node route.  Table 2.2 provides not only the LRS ID, but also MP1 and MP2.  
MP1 represents an LRS route’s very first milepost marker, which should always be 0.00.  
MP2 represents an LRS route’s very last milepost marker. 
 



 5

Figure 2.2:  LRS System 
 

 

 

 

 

 

 

 

 

 

 

 

  
 Table 2.2:  LRS System Routes 

LRS ID MP1 MP2 
LRS1 0.0 3.00 
LRS2 0.0 0.85 
LRS3 0.0 0.85 

 
2.3  LRS IDs 
 
An LRS ID is a unique integer assigned to the pavement of a roadway that is used for 
identification purposes.  Similar to social security numbers, LRS IDs provide a way to 
uniquely identify something – continuous chains of links in the pavement database or actual 
physical pavement in the field.  An LRS ID does not replace a posted route name, just as 
one’s social security number does not replace one’s name.  However, it does provide a unique 
and efficient way of storing information in a database relative to the named pavement. 
 
Note that in the examples provided above, an alphanumeric value (LRS 1, LRS 2, etc.) was 
used as the LRS identifier.  However, this form is used only for presentation purposes herein.  
In reality, LRS IDs are arbitrarily assigned permanent integer identifiers. 
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There is no universal pattern for LRS ID numbering.  The algorithm used to select and assign 
the routes, instead, defines the pattern.  However, for secondary roads the NC DOT could use 
a code embedded in the LRS ID if it chooses to do so.  For example, all secondary roads 
within New Hanover county could be assigned an LRS ID within the range of 1000 – 1999 
and all secondary roads within Pender county could be assigned an LRS ID between 2000 – 
2999.  This would enable the NC DOT to recognize what county the LRS route was in simply 
by looking at the LRS ID number.  This way of “patterning” the LRS IDs becomes especially 
easy if the algorithm processes secondary roads county-by-county.  However, no other form 
of "patterning" is recommended. 
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3.0  GENERAL RULES AND DATA RESOURCES FOR LRS ROUTE 
GENERATION 

 
This section presents the input data, originating in a link-node format, that was used to 
generate the LRS routes as output.  The constraints, or rules that were used to guide the route 
selection process are also enumerated. 
 
3.1  Database Table 
 
The ArcView database tables used for each of the four counties of this study were similar to 
those used in the previous study.  However, because this study used an automated approach 
instead of an algorithm, fewer of the columns in the table were needed.  Table 3.1, shown 
below, illustrates the table that was created by hiding from view the unnecessary columns.  
This table was initially provided by the Pavement Management Unit, and was derived from 
the PMU CHAINS and LINKS tables, both of which were presented and discussed in the first 
study. 
 
Table 3.1:  Database Table 
DUPLI_ID ROUTE1 BEGMP1 ENDMP1 BEGNODE1 ENDNODE1 LENMILE PMUMILE LRSRT 

15773 10000040 0.00 0.44 90943 3 0.44 0.44 1 
15774 10000040 0.44 3.51 3 8 3.07 3.07 1 
15775 10000040 4.23 4.50 10 11 0.27 0.27 1 

15776 10000040 3.51 4.23 8 10 0.72 0.72 1 
15777 10000040 4.50 6.37 11 14 1.86 1.87 1 

 
Each of the columns shown above played a significant role in the study.  Their definitions are 
as follows: 
 

Dupli_ID - this is an identification number given to the specific link, this number is 
specific to the county involved 

Route1 - this is the route identification number, with the first number classifying the 
type of route and the last 4 digits used to give the route number 

BegMP1 - this is the value for the beginning milepost for the link in question 
EndMP1 - this is the value for the ending milepost for the link in question 
BegNode1 - this is the unique number given to the beginning node for this link 
EndNode1 - this is the unique number given to the ending node for this link 
LenMile - this is the numerical value for distance (in miles) that the computer 

calculates as the length of the link 
PMUMile - this is the actual value for distance (length of the link in miles) that is 

derived using distance measurement instruments 
LRSRT - this is the unique value assigned to multiple links that create an individual 

route, also know as the LRS ID 
 

Other columns that are a part of this data provided by NCDOT (that are hidden for this study) 
that may have been used in the previous study are listed below, but are not limited to: 
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 Link - this is an identification number given to a specific link, very similar to the 
county ID, except this ID is supposed to be unique in the state 

 Intersect1 - this is the routeID for a route that intersects the specific route in question 
(would be the first intersection) 

 Intersect2 - this is the routeID for a route that intersects the specific route in question 
(would be the second intersection) 

 
Many other columns are included in the tables provided by NCDOT that are not shown here, 
yet they are important for the use of this data in ArcView.  However, most of this data is 
related to the shaping of the lines and other data used to produce images for maps, therefore 
an explanation of this information is not warranted for this study.   
 
3.2  General Rules for Assigning LRS IDs 
 
The previous study utilized a clearly articulated set of constraints, or rules, to control the 
algorithms.  In order to produce results that could be compared, the manual and automated 
approaches used similar constraints, or rules, where applicable. 
 
The posted routes provided in the database are classified by a posted route ID.  This posted 
route ID allows the user to know if that particular segment, or link, is an Interstate, US, State, 
or Secondary route.  As in the case of the previous study, we categorized Interstate, US, and 
State routes as the primary routes.  All other state maintained roads are considered to be 
secondary roads.   
 
The main rule on the manual generation of LRS IDs is that primary roads are named first, 
with Interstate roads having precedence, followed by US roads, then State roads.  Secondary 
roads are the last to be assigned LRS IDs.  Having a detailed precedence for assigning LRS 
IDs helps eliminate the possible double naming of route segments in areas where a segment 
has multiple route IDs or Posted Route numbers.  
 
A second rule of processing was that when assigning LRS IDs to the posted route segments, 
LRS routes were considered and named with the intention of following segments in a more 
south to north and west to east direction.  Looping or excessive meandering were not 
permitted.  In other words, LRS routes that wound through the four county system that 
seemed to circle their way through, even though they provided long LRS lengths, were 
avoided if at all possible.  However, in the end we found that directionality plays a very small 
role in the results. 
 
To begin this work, an LRS coverage area has to be defined.  For this study, all LRS routes 
(Interstate, US, State, and Secondary) are permitted to cross county boundaries.  The 
boundary of the coverage area is not limited to the boundary of a county. 
 
Another rule followed throughout this process was that of allowing multiple posted routes in 
a sequence to comprise a single LRS route.  This occurs primarily for secondary routes.  
These are short, and in an attempt to create long LRS routes one would include multiple 
secondary routes in the same LRS route. 
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Finally, as in the previous study, another rule that was taken into consideration in determining 
LRS IDs was that of producing the longest possible LRS routes, given all of the above rules 
to conform to. 
 
In summary, a systematic application of these rules should lead to assigning LRS IDs (and 
thus determining LRS routes) using a hierarchy of road types to get long routes that cross 
county boundaries, following along existing posted routes as far as possible, and generally 
flowing south to north or west to east. 
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4.0  METHODS FOR GENERATING LRS IDS 
 
As stated previously, primary roads include Interstate, US, and State routes and all other state 
maintained roads are Secondary routes.  The key finding of the previous algorithm study was 
that one should use an approach considering "Longest Posted Routes" for primary roads and 
"Long State Routes" for secondary roads to produce the most optimal solution.  Using the 
same criteria, although slightly altered in this study, will allow the results to be directly 
compared to that of the previous study. 
 
For primary roads "longest posted route" means that the new LRS routes would largely follow 
existing posted routes to produce the longest routes possible while staying on that posted 
route alone.  For secondary roads "longest state or county route" means that the new LRS 
routes would follow posted routes, but upon reaching the end of the route, they would be 
allowed to pick up another secondary route in order to produce the longest route possible. 
 
The following subsections describe the methods that were followed to determine LRS IDs for 
the aforementioned four county system. 
 
4.1  Tools 
 
In the automated approach used herein, the initial files were supplied by the Pavement 
Management Unit of the NCDOT.  The files were then loaded by the GIS Unit into ArcView, 
completing the task of plotting, on a map, all posted routes within the boundaries of the four 
county test case system consisting of Sampson, Duplin, Pender, and New Hanover.  It was 
these files, stored as a project in ArcView, that were then used as a starting point for this 
study.  Section 5.1 provides a more detailed discussion of the tools used in subsequent work 
required to do the analysis reported herein. 
 
4.2  The Manual and Automated Approaches 
 
The difference between the algorithmic approach used in the previous study and the 
automated approach used herein was discussed in Section 1.0.  What was not discussed there 
was the meaning is of the term "automated." 
 
One typically thinks of a manual approach as completing a task "by hand."  In this context, a 
manual approach would involve acquiring state and/or county maps on paper, having the 
analyst review them (considering the criteria for selecting routes), having him highlight a 
selected route, having him identify it, and having him repeat the process over and over until 
all routes were identified, physically marked on paper, and named.  The result then is one or 
more maps with many identifiers and colors on them.  This is the manual approach. 
 
The automated approach involved using ArcView 3.2 GIS software.  An ArcView map 
(mentioned above in Section 4.1) was used in place of the paper maps to provide a view of the 
roadway network.  After reviewing the computer-generated ArcView map, the analyst 
manually highlights and identifies routes on the computer screen using the mouse to identify 
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and select roadway segments and to assign them LRS IDs.  This was achieved by the analyst 
repeatedly pointing and clicking on individual links to create an entire LRS route.  
 
With an entire route selected, the database table that it corresponded with was edited and a 
specific LRS ID was assigned to that route.  This process was repeated, and through 
manipulation of the map legend, the colors of the routes actually changed on screen when the 
LRS ID was assigned.  The purpose of the color change is to enable the analyst to visually 
differentiate between the lines (roads) that have already been assigned and those still 
remaining to be assigned.  This process was repeated until all links were assigned an LRS 
route. 
 
4.3  Application of Rules 
 
Given the link-node database and GIS display, the objective of the automated approach was to 
look at the posted routes and assign LRS IDs to every link, therefore identifying the entire 
LRS route as being comprised of an appropriate chain of links.  The rules to do this were 
those of posted route classification precedence, directionality, county boundary crossing, and 
continuing the LRS route beyond its end by using another posted route.  Precedence was 
previously mentioned in Section 3.2. 
 
Directionality isn't the most important topic, but in order to obtain feasible results, 
directionality must be given focused consideration.  To assign LRS IDs for this project, 
directions of south to north and west to east were used.  Although some roads did not 
completely run in these directions, the goal was to create longer individual LRS's while 
eliminate circling and wandering of the LRS routes.  However, the secondary LRS routes 
provided unusual situations that couldn't be avoided.  Curving and looping of roads (in which 
the entire loop was assigned the same link number) occurred because no other intersections 
created the need for an extra node, did exist and some roads ended up being quite curved. 
 
Crossing county boundaries plays and important role in assigning LRS IDs.  This rule had 
little importance in the previous algorithm study due to the fact that the two county group that 
was used had very few cases of the same road travelling into multiple counties.  However, as 
can be seen in the maps provided in the appendix, numerous roads in the four county test 
system do cross a county boundary and continue on.  Allowing LRS routes to cross county 
boundaries helps reduce the total number of LRS IDs, which is one of the goals of the LRS.  
Not only does it accomplish this reduction, but allowing LRS routes to cross county 
boundaries is a realistic rule that makes sense in the context of the overall transportation 
system.  Still, if desired, this rule could be abandoned and secondary routes could be stopped 
at county boundaries. 
 
The fourth rule placed on the manual generation of LRS IDs is allowing multiple posted 
routes on the same physical roadway to be assigned the same LRS ID, thus effectively 
assigning any single physical segment of roadway only one unique identifier.  Once again, 
this rule eliminates extra LRS IDs.  It is mandatory to do so.  This is the central goal of the 
LRS. 
 



 12 

A variation of the multiple posted routes rule is to string together a single long LRS route 
consisting of multiple non-overlapping sequential posted routes.  The only difference in using 
this variation is that when naming roads manually the entire posted route does not have to be 
followed in order to continue the naming process.  Rather it is possible to jump from one 
posted route to another posted route.  An example of this is shown below in Figure 4.1. 
 
   Figure 4.1:  Example of Multiple Posted Routes 

 
Figure 4.1 shows a situation where a secondary road splits.  In this case, the road that 
continues straight (shown by LRS 548) provides the longer path, therefore it is assigned the 
same LRS ID as the original starting roadway segment even though we are switching from the 
original posted route name.  This can easily and clearly be seen by the human analyst when 
using the automated approach.  An example is a situation in which continuing traffic flow 
occurs primarily on two different posted routes.  The LRS IDs are assigned based on what 
seems to be a realistic path traveled.   
 
It is for this reason that the automated generation of LRS IDs is slightly different from the 
rules followed in the algorithmic study, wherein the longest posted route algorithm continued 
on the given posted route until in ended.  Switching off a posted route like the example in 
Figure 4.1 was only permitted in the "fork" situation (mentioned in the previous study), and 
was not at the discretion of the analyst.  However, this alteration of rules continues to produce 
feasible results, and these situations are few, which in turn still allows the results of this study 
to be compared fairly with the results of previous work on generating LRS IDs using 
algorithms.  
 
Achieving the longest route possible, is just that.  But all of the above rules for assigning LRS 
IDs must be followed in order to produce results that are within the desired framework. 
 
4.4  Procedure 
 
Sections 2.1, 2.2, and 2.3 conveyed the basics of both the link-node and the LRS systems.  
Sections 4.2 and 4.3 discussed the use of specific rules (or constraints) and their effects on our 
determination of an LRS system.  In the rest of this section, an overview is given of the 
procedure used to convert the original NCDOT link-node data into an LRS system that may 
be used by DOT to standardize the referencing for all roads in North Carolina. 
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4.4.1  Reshaping the Files 
 
The data for the study was supplied in four files, each file containing all of the link-node data 
for one of the four counties (refer to Table 3.2).  Each of these files were then queried by 
posted route number (the first number in this series indicated posted route type: 1=Interstate, 
2=US, 3=State, and 4=Secondary), and four new files were created for each.  The result 
included a total of sixteen files, one for every posted route type in each county.  These files 
simplified the route determination by focusing on one specific type of road in any or all of the 
counties.   
 
After completing the breakdown of files, the next step (before assigning the LRS IDs) was to 
open the database table for each and every one of the files.  A column had to be added to the 
table in order to provide a location to store each link's assigned LRS ID.  This was 
accomplished using the Edit, Start Editing, and Add Field menu items.  This newly created 
field, named LRSRT (standing for LRS Route), is where the new assigned LRS ID value was 
placed and saved. 
 
4.4.2  Assigning LRS IDs 
 
As a general explanation, to assign an LRS ID, three steps were taken.  The first, was the 
visual inspection of the GIS map to select the desired links to be assigned an LRS ID.  After 
visually selecting the route to be followed, the specific links were highlighted on screen and 
in the database table.  Finally, with all of the chosen links highlighted, each was assigned the 
next LRS ID.  The next three paragraphs were prepared for a more detailed look into this 
exact process of assigning LRS IDs.  
 
This process started with Interstate routes and gradually grew to be more involved, as the 
classification of posted routes changed to US, then to State, and finally to Secondary, where 
more routes were present to see, visually inspect, and analyze.  Upon determining a route to 
be assigned an LRS ID, the ArcView "identify" function was used to click on each link that 
was to be included as being a part of that route.  Clicking on a specific link while using the 
"identify" function allows all of that link's information to be automatically displayed in a 
results table.  Having the information for the selected links in front of the analyst, the next 
step was to select all of the links in the database table. 
 
With the database tables open, the next step is to click  on the "query" function.  The "query" 
function allows one to search a specific database table by a selected column heading for any 
of the values listed in that column.  This action returns a completely highlighted record for the 
queried element in the database table.  In the case of querying for a specific link, the column 
that contained the county ID (for example, the Duplin county database used the column 
heading Dupli_ID, see Section 3.1) was used.  Using this column negated the possibility of 
false retrieval of the link that was desired (some columns contained database errors, such as 
multiple links having the same Link ID number, see Section 4.4.3). This query process was 
continued until all of the desired links were highlighted in the database table.  With all link 
records selected, and an empty column in the database to store the next LRS ID value, it was 
time to assign the next LRS ID. 
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Upon completion of querying the tables for all desired links to make up the LRS route, the 
LRS ID was assigned.  This was accomplished by once again opening up the database tables 
involved and allowing them to be edited.  With the tables already having a column to store the 
LRS ID, with all selected links that were highlighted in the table, and with the editing 
function enabled, the analyst clicked on each of the LRSRT values for the highlighted links 
and typed in the LRS ID that was previously determined through visual inspection. 
 
To complete the process after all links had been identified and assigned the appropriate LRS 
ID required the use of the Edit and Stop Editing functions.  Using these prevented any more 
changes from being made to the database tables that had previously been opened for editing.  
With the file updated, the last step in assigning an LRS ID was to save the changes that had 
been made.  This process was followed for the entire four county system until all links had 
been assigned an LRS ID. 
 
One additional important point that enabled to the most productive assignment of LRS IDs 
was the housekeeping of the display map.  Many options exist as to what a user can do to 
enhance visual identification of his files.  For this study ArcView was used to display all of 
the routes in every file in two different categories: the first category being those links with an 
LRSRT of zero and the second category for the links that already had been assigned an 
LRSRT number.  Two different colors were chosen for these categories: red for those not 
assigned and blue for the links already assigned.  Each line on the display started out red 
when the assignment process had begun.  Each time a route was assigned, the color of all of 
its links was changed to blue.  This presented the display of all of the files in a manner that 
made assigning LRS IDs visually easier through the use of color. 
 
4.4.3  NCDOT Database Errors/Problems 
 
Throughout the process of assigning LRS IDs, multiple problems were encountered that can 
result in a negative effect on the results of this study.  Many of these problems are related to 
the database tables. 
 
One problem is that multiple links have been assigned the same link ID in the database.  This 
created a problem initially, as the link ID was the value that was being queried to select the 
link to be assigned an LRS ID.  When this occurred, querying for a link ID identified two 
links when only one was sought and should have been there.  Upon identifying this problem, 
the study approach was reviewed, and as mentioned previously in Section 4.4.2, the column 
containing the specific county ID was used to aid in the query instead of the link ID.   
 
With this error identified, it is clear that the link ID is not a good identifier because this value 
in the database can be inaccurate, i.e. multiple links are assigned to the same link ID.  This 
situation has to be fixed prior to implementing any algorithmic or automated solution.  
Presently, there are other identifiers for each link that can be used instead of link ID.  Table 
3.1 shows Dupli_ID as a unique identifier in addition to the link ID.  Furthermore, there is 
even another identifier in the original file that is not mentioned, named Dupli_ (of which the 
name changes depending on which specific county's database table is open).  This is at least 
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three identifiers for each link and it presents serious database integrity problems.  This study 
had to use Dupli_ID to identify the correct links in a route.  Still, the authors wonder how the 
identifiers in this column are correct when link IDs are not. 
 
Another problem was encountered with the initial reshaping of the files.  Upon querying the 
initial file for all of the different route types, it was found that there were multiple routes that 
had no posted route number.  Upon further study, and consultation with Chris Tilley of 
NCDOT, it was determined that these records were data for routes whose physical properties 
had been deleted from the map, but the tabular data had not yet been erased from the database 
yet.  They were records that should not have been in the database.  These individual cases 
didn't hinder the study and should be cleaned out of the system, but did cause initial concern 
with respect to properly naming all links provided. 
 
Another concern deals primarily with the map, or display, of the data provided by NCDOT.  
Several links are missing from the linework.  These resulted in an expenditure of time to 
determine what role each of the "gaps" played in determining LRS IDs.  A similar case arises 
on different occasions where links that are supposed to be sequential, are just not connected, 
or just plainly have non-matching node IDs even though the links have the same posted route.  
Once again, this resulted in an expenditure of time to resolve and required both studying the 
database table values and zooming into the ArcView display. 
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5.0  RESULTS AND ANALYSIS 
 
As mentioned before, the purpose of this study was to further the previous study and to 
provide a level of validation for it.  When the initial study was undertaken, New Hanover and 
Pender counties were chosen because they appeared to have an appropriate level of 
complexity and diversity in their roads and highways.  What was unrealized at that time was 
that those two counties had virtually no secondary roads crossing the county boundary.  As a 
result, the secondary road algorithms were not really tested at all.  One of the key reasons for 
expanding to a four county test case was to overcome this problem.   
 
One of the options available for the study was to move to an interior four county test set.  
Instead, the study expanded the initial two test case counties by two additional counties.  
Doing so allows us to break down the current study to enable it to be compared to the 
previous study.  At the same time, this new four county test set is also now ready to be 
compared to what should be the next step, a four county test set of results generated by 
computer algorithms.  Thus we are able to validate (or not) the previous work while 
simultaneously setting the stage to validate the next study. 
 
In this section the reader will find a description of the quality measures used for comparison 
of the two studies.  The results of this study are presented in a similar form to those of the 
previous study for all four counties.  A breakdown of this study into a two county system, to 
allow comparison to the previous generation of LRS IDs using computer algorithms, is also 
presented. 
 
5.1  Tools 
 
ArcView was used to store shape files for the linework for the test case.  Upon completion of 
assigning LRS IDs, these newly updated data files were transformed into a file that could be 
used to generate comparison results.  For this study, the updated ArcView database tables 
were first saved as Microsoft Excel files.  In Excel, it was easier to manipulate and organize 
the data into a more visually presentable format.  An example of the Excel files is included in 
Appendix B and was previously discussed in Section 3.1.   
 
From here, in order to break the results down into the necessary data for comparison, the 
Excel file was loaded into Microsoft Access.  Loading the data into Access enabled the 
analyst to query the database tables for specific information (e.g., number or routes, length of 
routes, etc).  The results of these queries are presented in this section. 
 
5.2  Quality Measures for LRS Routes  
 
The following subsections, extracted from the previous study (Janisch 2000), are reproduced 
here to provide a description of all the quality measures that were used in the evaluation 
process and to show how values were obtained for each of them.  Most of the actual quality 
measure numerical results were obtained by querying and manipulating the LRS tables for 
each algorithm. 
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5.2.1  Length of LRS Routes 
 
The length of the routes is one measure of potential difference between the LRS route 
generation approaches and between the algorithms themselves.  For each alternative the 
length of each LRS route was calculated by summing the length of each link within the route.  
For the manual approach the length of the routes was scaled from the physical map.  Once the 
length of each route was calculated, the longest, shortest, average, and median of each LRS 
route was determined.  Finally, the average length for the shortest 10% of all routes, the next 
shortest 10% of all routes, etc. was determined.  These averages tell us how short the short 
routes were, etc. 
 
5.2.2  Number of LRS Routes 
 
The LRS ID assignment portion of the study identified the very first route selected by the 
algorithm as 1 and incremented this counter by one for each subsequent LRS ID assignment.  
Thus, the total number of LRS routes was determined by using the minimum and maximum 
LRS IDs for each algorithm, subtracting the two, and adding 1.   
 
The total number of LRS Routes is important because it determines a maximum number of 
records that define all of the names (LRS IDs) used in the database.  Since LRS ID is a key 
field, the fewer LRS IDs the faster the processing of records in the database. 
 
In addition to providing the total number of LRS routes for each algorithm, the number of 
longest routes, long routes, short routes, and shortest routes is also given.  A more detailed 
explanation of these terms is provided in Section 5.3. 
 
5.2.3  Processing Time 
 
Processing time can be interpreted two ways.  There is the processing time that it takes to run 
an algorithm and create an LRS route configuration.  There is also the processing time it takes 
to use an LRS route configuration to run a query and retrieve data.  This latter measure is 
especially important when running queries and retrieving data from the entire state file. 
 
When creating the LRS route configuration using the automated approach, the processing 
time consists of the time spent at a computer, by the analyst or technician, as he/she generates 
the complete results. When creating the route configuration manually, the processing time 
consists of the time spent with marker and paper carefully identifying and marking routes.  In 
both cases this time includes the setup, the assigning of LRS IDs, and then reviewing the 
results obtained in order to visually check for a logical solution.  In the manual approach the 
analyst must also subsequently attach the new LRS IDs to either the linework or to the 
database records. 
 
5.3  Quality Measure Results of Two County System 
 
The subsections included herein present the results of this study, and those of the previous 
study, for the two county system consisting of Pender and New Hanover counties.  Each of 



 18 

the quality measures discussed in Section 5.1 contributes to the effectiveness of a successful 
procedure for generating a linear referencing system.  This section simply presents the 
numerical results for each quality measure.  Each result table will be analyzed in Section 5.6.  
Conclusions regarding the meaning of the analysis are presented in Section 6. 
 
5.3.1  Length of LRS Routes 
 
The tables in this section present a summary of the length results for the two county study.  
This section reports the entire length of each individual LRS route developed using all three 
of the manual, automated, and algorithm generated approaches.  Different breakdowns of the 
length data are provided for the benefit of the reader to give a more comprehensive 
understanding of the results.  Separate tables are provided for primary and secondary routes.  
Note that the manual approach was not used for secondary roads as there are simply too many 
of them to assign manually. 
 

Table 5.1: Length of LRS Routes for Primary Routes 

Length of LRS 
Route Measures 

 
Manual 

Generation 

 
Automated 
Generation 

Longest 
Posted Route 

Algorithm 
Longest  56.8 54.73 55.34 
Shortest  1.27 0.78 0.02 
Average  16.89 16.78 15.27 
Median 9.68 12.61 4.90 

 
Table 5.2: Length of LRS Routes for Secondary Routes 

Length of LRS 
Route Measures 

 
Automated 
Generation 

Long State 
Route 

Algorithm 
Longest 21.37 21.65 
Shortest 0.01 0.01 
Average 0.73 0.75 
Median 0.28 0.26 

 
5.3.2  Number of LRS Routes 
 
The tables in this section present multiple different classifications of data with respect to the 
number of LRS Routes generated by both automated and algorithm approaches for secondary 
roads and all three approaches for primary roads.  The results are again presented separately 
for primary and secondary routes.  A relationship is developed in the tables between number 
and length.  This enables one to determine, for example, how many routes were long, or short, 
etc., and to know the precise average length for long, short, etc. 
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Table 5.3: Number of LRS Routes for Primary Routes 

Number of LRS  
Route Measures 

 
Manual 

Generation 

 
Automated 
Generation 

Longest 
Posted Route 

Algorithm 
Total Number of LRS 
Routes  

18 20 23   

Number of Longest Routes  1 (6%) 1 (5%) 1  (4%) 
Number of Long Routes 4 (22%) 5 (25%) 7  (31%) 
Number of Short Routes 2 (11%) 4 (20%) 1  (4%) 
Number of Shortest Routes  11 (61%) 10 (50%) 14  (61%) 
Length Cutoffs    
100 – 75 % (Longest) 56.8 - 42.6 54.73 - 41.05  55.34 – 41.51 
75 – 50 % (Long) 42.6 - 28.4 41.05 - 27.36 41.51 – 27.67 
50 – 25 % (Short) 28.4 - 14.2 27.36 - 13.68 27.67 – 13.84 
25 – 0 % (Shortest) 14.2 - 0 13.68 - 0.00 13.84 – 0.00 

 
Table 5.4: Number of LRS Routes for Secondary Routes 

Number of LRS  
Route Measures 

 
Automated 
Generation 

Long State 
Route 

Algorithm 
Total Number of Routes  1206 1184 
Number of Longest Routes  5 (0.4%) 4  (0.3%) 
Number of Long Routes 5 (0.4%) 5  (0.4%) 
Number of Short Routes 18 (1.5%) 19  (1.6%) 
Number of Shortest Routes  1178 (97.7%) 1156  (97.6%) 
Length Cutoffs   
100 – 75 % (Longest) 21.37 - 16.03 21.65 –16.24  
75 – 50 % (Long) 16.03 - 10.68 16.24 – 10.83  
50 – 25 % (Short) 10.68 - 5.34 10.83 –5.41 
25 – 0 % (Shortest) 5.34 - 0.00 5.41 – 0.00 
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Table 5.5: Number of LRS Routes for Primary Routes 

Number of LRS 
Route Measures 

 
Manual 

Generation 

 
Automated 
Generation 

Longest 
Posted Route 

Algorithm 
Total Number of LRS Routes 18 20 23 
Routes  > 45 miles 1 (6%) 1 (5%) 1  (4%) 
Routes 45 – 30 miles 4 (22%) 4 (20%) 6  (26%) 
Routes 30 – 15 miles 1 (6%) 4 (20%) 1  (4%) 
Routes 15 – 0 miles 12 (66%) 11 (55%) 15  (66%) 

 
Table 5.6: Number of LRS Routes for Secondary Routes 

Number of LRS  
Route Measures 

 
Automated 
Generation 

Long State 
Route 

Algorithm 
Total Number of Routes  1206 1184 
Routes  > 10 miles  10 (0.8%) 12 (1.0%) 
Routes 10 – 9 miles 2 (0.2%) 0  (0.0%) 
Routes 9 – 8 miles 2 (0.2%) 4  (0.3%) 
Routes 8 – 7 miles 3 (0.2%) 4  (0.3%) 
Routes 7 – 6 miles 6 (0.5 %) 6  (0.6%) 
Routes 6 – 5 miles 6 (0.5%) 4  (0.3%) 
Routes 5 – 4 miles 9 (0.7%) 10 (0.9%) 
Routes 4 – 3 miles  15 (1.2%) 14 (1.3%) 
Routes 3 – 2 miles 36 (3.0%) 36 (3.0%) 
Routes 2 – 1 miles 97 (8.0%) 95 (8.0%) 
Routes 1 – 0 miles 1020 (84.6%) 999 (84.3%) 

 
A comparison between the number of links as opposed to the number of LRS routes is also in 
order.  For this two county system the following data is available. 

• There were 3,645 total links. 
• There were 1,226 total manual LRS routes. 
• There were 514 primary links. 
• There were 3,131 secondary links. 
• There were 20 manual primary LRS routes. 
• There were 1,206 manual secondary routes 

 
5.3.3  Processing Time 
 
As mentioned earlier, processing time is also a factor to be considered in comparing results.  
But since this study intended to primarily focus on a four county system, processing time is 
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addressed in Section 5.4.3. as it is anticipated that the result would be more meaningful over 
four counties.  Also, since no specific time for processing was determined in the algorithm 
study it would be hard at this time to comment and compare the processing times for the 
automated and algorithm approaches. 
 
5.4  Quality Measure Results of Four County System 
 
This section details the results of this study for the entire four county system consisting of 
Sampson, Duplin, Pender, and New Hanover counties.  The purpose of expanding the test 
case to four counties was to overcome the limitations imposed by the initial two county test 
case study, to validate (to the extent possible) the results of the initial study, and to establish a 
result set that can be used in the future to validate the anticipated algorithm test of these four 
counties. 
 
For the four county test case no algorithmic solution has been obtained.  It is recommended 
that NCDOT conduct a study to obtain those results.  The automated approach was 
undertaken for all primary and secondary roads in four counties and the manual approach was 
taken for only the primary roads, as before. 
 
5.4.1  Length of LRS Routes 
 
The tables in this section present a summary of the length results for the four county study 
when considering the entire length of each LRS route developed using both the manual and 
automated approaches.  Once again, different breakdowns of the length data are provided for 
the benefit of the reader to give a more comprehensive understanding of the results.  Separate 
tables are provided for primary and secondary routes. 
 

Table 5.7: Length of LRS Routes for Primary Routes 

Length of LRS 
Route Measures 

 
Manual 

Generation 

 
Automated 
Generation 

Longest  107.57 107.07 
Shortest  1.27 0.05 
Average  20.86 17.04 
Median 11.58 4.90 

 
Table 5.8: Length of LRS Routes for Secondary Routes 

Length of LRS 
Route Measures 

 
Automated 
Generation 

Long State 
Route 

Algorithm 
Longest  40.66 N.A. 
Shortest  0.01 N.A. 
Average  1.43 N.A. 
Median 0.50 N.A. 
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5.4.2  Number of LRS Routes 
 
The tables in this section present multiple different classifications of data with respect to the 
number of LRS Routes.  The same information and structure are presented here as was 
previously presented in Section 5.3.2 for reporting the two county results. 
 

Table 5.9: Number of LRS Routes for Primary Routes 

Number of LRS  
Route Measures 

 
Manual 

Generation 

 
Automated 
Generation 

Total Number of LRS Routes 40 53 
Number of Longest Routes 1 (2.5%) 2 (3.8%) 
Number of Long Routes 2 (5.0%) 2 (3.8%) 
Number of Short Routes 8 (20.0%) 8 (15.1%) 
Number of Shortest Routes 29 (72.5%) 41 (77.3%) 

Length Cutoffs   

100 – 75 % (Longest) 107.57 - 
80.68 

107.07 - 
80.30 

75 – 50 % (Long) 80.68 - 
53.79 

80.30-
53.54 

50 – 25 % (Short) 53.79 - 
26.89 

53.54-
26.77 

25 – 0 % (Shortest) 26.89 - 
0.00 

26.77 - 
0.00 

 
Table 5.10: Number of LRS Routes for Secondary Routes 

Number of LRS  
Route Measures 

 
Automated 
Generation 

Long State 
Route 

Algorithm 
Total Number of LRS Routes  2082 N.A. 
Number of Longest Routes  2 (0.1%) N.A. 
Number of Long Routes 5 (0.2%) N.A. 
Number of Short Routes 37 (1.8%) N.A. 
Number of Shortest Routes  2038 (97.9%) N.A. 
Length Cutoffs   
100 – 75 % (Longest) 40.66 - 30.50 N.A. 
75 – 50 % (Long) 30.50 - 20.33 N.A. 
50 – 25 % (Short) 20.33 - 10.17 N.A. 
25 – 0 % (Shortest) 10.17 - 0.00 N.A. 
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Table 5.11: Number of LRS Routes for Primary Routes 

Number of LRS 
Route Measures 

 
Manual 

Generation 

 
Automated 
Generation 

Total Number of LRS Routes 40 53 
Routes  > 45 miles 4 (10%) 6 (11%) 
Routes 45 – 30 miles 6 (15%) 4 (8%) 
Routes 30 – 15 miles 6 (15%) 10 (19%) 
Routes 15 – 0 miles 24 (60%) 33 (62%) 

 
Table 5.12: Number of LRS Routes for Secondary Routes 

Number of LRS 
Route Measures 

 
Automated 
Generation 

Long State 
Route 

Algorithm 
Total Number of Routes 2082 N.A. 
Routes  > 10 miles 45 (2.2 %) N.A. 
Routes 10 – 9 miles 11 (0.5%) N.A. 
Routes 9 – 8 miles 12 (0.6%) N.A. 
Routes 8 – 7 miles 11 (0.5%) N.A. 
Routes 7 – 6 miles 23 (1.1%) N.A. 
Routes 6 – 5 miles 30 (1.4%) N.A. 
Routes 5 – 4 miles 43 (2.1%) N.A. 
Routes 4 – 3 miles 63 (3.0%) N.A. 
Routes 3 – 2 miles 130 (6.3%) N.A. 
Routes 2 – 1 miles 327 (15.7%) N.A. 
Routes 1 – 0 miles 1387 (66.6%) N.A. 

 
Once again, a comparison between the number of links as opposed to the number of LRS 
routes is also in order.  For the four county system the following data is available. 

• There were 7,233 total links. 
• There were 2,135 total manual LRS routes. 
• There were 1,345 primary links. 
• There were 5,888 secondary links. 
• There were 53 manual primary LRS routes. 
• There were 2,082 manual secondary routes 

 
As the reader can see, in these last two sections, the N.A. entry means that the tables contain 
no data for values determined using the algorithm approach.  These columns are to be filled in 
at a future time if a four county algorithm study is undertaken. 
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5.4.3  Processing Time 
 
Processing time is also very important, as the approach to route generation that is finally taken 
must be a feasible and cost effective approach for identifying and naming LRS routes.  For the 
automated and manual approaches processing time is largely the time it takes an analyst to do 
the work. Table 5.13, which follows, summarizes the time taken to complete the automated 
generation work for this four county study, as well as an estimation of the time needed for 
completion of the entire North Carolina system of roads and highways using this approach.  
No measure of time was taken for the manual approach. 
 
 Table 5.13 - Manual Processing Time for LRS Generation 

Time Needed for Four County System 65 hours 
          -  multiplication Factor for 100 Counties x 25 
Rough Estimate for Entire North Carolina System 1625 hours 
          -  added Time for Complex Counties  x 1.20 
 
TOTAL ESTIMATED TIME FOR NORTH 
CAROLINA SYSTEM 

 
1950 hours 

 

 
Sixty-five hours was the time spent completing the manual assignment of the LRS IDs for the 
aforementioned four county system. Multiplying this time by 25 gives a rough estimate for all 
100 counties. A factor of 1.2 was added to the time needed for estimated completion of the 
entire 100 counties of 1625 hours.  This factor represents the additional time needed for the 
more developed areas in North Carolina such as Wake county, Mecklenburg county, the 
Triad, and some of the counties along the coast (as some counties will present a larger 
quantity of secondary roads in and around the North Carolina shoreline).  
 
The total estimated time for automated completion of the entire North Carolina system is 
approximately 1950 hours, or one man-year of working a 40-hour week.  It should be noted 
that this is a rough estimate, and as the project moves along, more experience may be gained 
in assigning the LRS IDs, thus possibly reducing this time. 
 
5.5 Other Comparison Measures 
 
Presented in this section are two different additional methods that could be used for 
comparison purposes of the two studies. 
 
5.5.1  Long Secondary Routes 
 
One way of comparing the results is to observe the secondary routes and their assigned LRS 
ID.  In the four county system a considerably larger number of secondary roads exist.  Yet, as 
can be seen in Tables 5.6 and 5.12, a greater percentage of the LRS routes generated from 
them are longer and a smaller percentage of the routes are shorter for the four county system. 
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This is an encouraging finding but it is important to understand how these results were 
obtained.  By studying the maps (two are provided in Appendix A for length of secondary 
routes) and tables for the entire four counties, the reader can interpret this finding as being due 
to the different road structures of the counties involved.  Relatively few of the "long" 
secondary routes actually cross a county boundary.  Thus, the automated approach didn't 
produce significant changes from the initial study with respect to secondary roads crossing 
county boundaries, and the reader may interpret this as a reason to validate the algorithm 
approach. 
 
5.5.2  General Comparison 
 
Generally speaking, the results of the two studies are very similar for the two county system.  
Looking at the maps, and interpreting the information as carefully as possible, the reader can 
see that the different maps for the studies do depict a physical roadway system that is similar 
for the two approaches.  Also, the tabular data can be reviewed, and will lead the reader to the 
same conclusion.  All three approaches produce information that seems very feasible (no 
"crazy, long, wandering" routes) and in doing so they are very similar.  Once again, the reader 
could interpret these findings supporting the conclusion that the manual and automated 
approaches really do produce similar results to the algorithmic approach. 
 
5.6  Analysis of the Results 
 
One goal of this study was to generate results that could be used to validate the previous study 
that created an algorithm generated linear referencing system.  Reviewing the results for the 
two county allows this conclusion to be drawn. 
 
The length of the LRS routes generated in the studies is shown in Tables 5.1 and 5.2.  The 
data shows that the lengths of the LRS routes are very similar, for both primary and secondary 
routes, for all length measures.  Thus, the manual study largely verifies the "Longest Posted 
Route Algorithm" solution earlier recommended. 
 
The data in Table 5.1 shows a rather large difference in the length of the shortest primary 
route between the algorithm and the other two approaches.  Obviously, it would seem rather 
unusual for a primary road to only be 0.02 miles long.  This value could have represented a 
false link during the algorithm generated study or the beginning of another primary route that 
continued on into another county (this actually is the reason for the 0.05 mile primary route in 
the four county manual study).  However, an analysis of the maps showed that the second 
possibility cannot be correct.  Therefore, this false link must have been cleaned out of the 
system before the files where supplied for the current study. 
 
Another situation arises when analyzing the data that Table 5.1 presents.  The median values 
for the LRS primary route lengths are also significantly different.  However, with a data set 
that is as small as used in this two county set, errors in the database could very easily have 
allowed the manual or automated studies to continue a route that the algorithm approach 
would not. 
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The resulting data from the automated approach depicts a system of 20 primary LRS routes as 
shown in Table 5.3.  Compare this with the algorithm approach, which produced 23 primary 
LRS routes.  Having three fewer routes might have the effect that is shown in this table - a 
larger median value.  Also, with the automated and manual approaches, the individual route 
lengths are longer than those produced by the algorithmic approach.  Therefore, such a large 
difference in the median value could be explained by the larger quantity of longer routes and a 
smaller number of routes overall. 
 
The number of LRS routes is shown in Tables 5.3, 5.4, 5.5, and 5.6.  Once again, the results 
show that the different approaches produced results of little difference.  One might determine 
from the results in Tables 5.3 and 5.5 that the manual and automated approaches do a better 
job on primary roads.  Therefore it would be possible to identify the primary LRS routes 
manually and the secondary routes by computer.  In short, for primary roads the manual 
approach resulted in fewer and longer routes - what is desired. 
 
Table 5.13 shows that the entire state could be assigned LRS IDs in one man-year using the 
automated approach.  This includes secondary as well as primary.  Also, an analyst could 
roughly project the number of LRS routes in the entire state by taking the results of this study 
and multiplying by 25.  If we do so for the four county system, it would be projected that 
North Carolina would have a total of approximately 1,325 primary LRS routes and 52,050 
secondary LRS routes. 
 
Length is an interesting measure that is affected by the size of the test case.  Tables 5.1 and 
5.7 show that when expanding from two to four counties the length of the longest routes 
doubled from approximately 56 to 107 miles.  The average length increased as well.  Thus, 
the more counties involved in the study the longer the largest routes will be for primary roads.  
The same effect happens for secondary roads as well, but to a lesser extent.  Thus, for the 
state, the LRS will have very long primary LRS routes. 
 
An examination of the figures illustrating the secondary system LRS routes is revealing.  On 
finds disjointed routes and few routes crossing county boundaries.  This points to problems in 
the linework and the links of the database.  A completely manual approach would likely 
eliminate these problems or significantly minimize them.  This would also significantly 
increase the continuity of long routes. 
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6.0  CONCLUSIONS 
 
With the results showing only a slight variation (some favoring each), between the route 
generation approaches, it is clear that the initial study completed using the algorithm 
generated LRS routes has been conceptually validated as producing acceptable results 
regarding the quality measures laid out herein. 
 
But it can also be concluded from conducting the study that the linework is presently not 
clean enough to do an acceptable automated job at the present time.  Particular trouble spots 
are through cities and at loops.  While executing the automated approach a complete physical 
map of all roads is also needed, as the analyst cannot create long routes in his mind with only 
one county shown on the monitor in front of him.  In short, missing lines, unusual linework in 
cities and at loops, and other linework problems make any results generated from the linework 
seriously suspect at the present time. 
 
The database is also not clean enough to do an acceptable job using the algorithms at the 
present time.  Trouble areas were mentioned in Section 4.4.3 and need to be addressed before 
full reliable algorithm results can be obtained. 
 
There is presently no compelling reason to have secondary LRS routes cross county 
boundaries.  There are so few long secondary LRS routes it doesn't appear at first glance to 
matter whether they cross county boundaries or not.  Even though long routes is one of the 
conceptual foundations of the LRS, it is hardly achieved anyway with respect to secondary 
routes in the studies conducted so far.  Still, given clean data this could still be very much an 
open question. 
 
Given that the constraints are so important in determining LRS routes, one might wonder 
what their impact is on the results.  In general, because they are derived from the basic 
premise of the LRS adopted by the NCDOT they wouldn't generally be considered for 
change.  But this study did reveal that the constraint on direction of routes does not appear to 
be an issue.  The reason for this conclusion is that we are largely following posted routes, and 
posted routes already largely fall east/west or north/south in a logically numbered manner.  
Thus, direction has little impact, as a criterion, either way because our algorithmic approach 
already achieves what we seek with this criterion. 
 
Aside from these specific observations, the key finding of this study is the verification of the 
correctness of the algorithms.  Although the slightly better results of the automated approach 
might be explained by better human execution, the lower performance level of the algorithms 
might also be explained by the fact that the data set was not error free (cleaned).  An analyst 
can visually continue along a route that has a missing link -- the algorithms cannot.  It could 
be that if the algorithms were given a clean data set, they might perform as well or even better 
than the manual analyst.  In short, the current study validates the algorithmic approach. 
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7.0  RECOMMENDATIONS 
 
There are a number of very specific troubling results that have not yet been resolved or fully 
explored that need to be.  In Table 5.1 the difference between the length of the shortest routes 
appears to be too great.  In Table 5.7 we have a median length that appears to be too far below 
the average length.  In the same table we have an extremely short primary route.  In Table 5.9 
we have 77% of the roads being the shortest routes for a four county grouping yet in the 
algorithm study on the two county group only 50% of the roads were the shortest.  These are 
specific individual issues that need to be further investigated.  They do not invalidate the 
conclusions and recommendations, yet they are questions that should be resolved. 
 
Overall the most critical recommendation for the NCDOT, on which the definition of the 
linear referencing system depends on the most, would be that all of the linework and data in 
the files to be cleaned.  Multiple errors exist at the present time, as mentioned in Sections 
4.4.3 and 6.0.  These errors affect the determination of LRS routes.  The visualization of the 
linework affects primarily the automated approach, and the erroneous data in the tables affect 
primarily the algorithms.  The results of these problems are very serious for the LRS.  Very 
few secondary roads cross county boundaries.  Furthermore, it is clear that secondary roads 
could be a lot longer than they are when generated by the automated or algorithmic 
approaches.  It is highly recommended that this be a serious consideration in adopting a final 
method.  A fully manual approach - even for secondary roads shows a lot of promise. 
 
In observing this study overall, no problems were generally encountered other than those 
previously mentioned with the data and lines.  Thus the purpose of this study, the validation 
of the algorithms, was fully achieved through the results comparison.  Taking this into 
account, one recommendation would be for the North Carolina Department of Transportation 
to use the algorithm generated linear referencing system.  Still, this recommendation is 
contingent - it should be further validated through the completion of at least the four county 
system using the previous algorithms.  Comparison of these new algorithm generated results 
with those presented in this report should be consistent and should present the NCDOT with 
further proof that the algorithm generation approach is valid, reasonable, and expedient.  
 
One issue yet unaddressed is mileages.  An algorithm needs to be written to calculate all LRS 
milepost values for all nodes.  This is a critical element of the LRS route system.  Once the 
route is determined, correct mileages need to be related to it.  There are a number of ways to 
do this including using the GIS linework, using the Oracle database, or using digital elevation 
model data.  A separate study is under way to evaluate the latter approach. 
 
Finally, if an automated GIS approach is taken to doing this work it is critical that the analyst 
work with a statewide coverage rather then with a county by county coverage.  This is the 
only way to properly ensure a longest-to-shortest hierarchical approach to the identification of 
LRS routes and an achievement of the proper design.  Under no circumstances should county 
coverages be used to do this work. 
 
Finally, a decision needs to be made as to whether or not to have secondary LRS routes cross 
county boundaries.  This cannot be determined with certainty without additional study. 
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APPENDIX A 
 
 
 
 

Maps of the LRS System 
Generated Using the  

Automated Approach 
 
 
 
 

Map 1 -- Primary Roads for the Four County System 
Map 2 -- Primary Roads showing Inset Map 
Map 3 -- Inset Map from Map 2 
Map 4 -- Duplin County State Maintained Roads 
Map 5 -- New Hanover State Maintained Roads 
Map 6 -- Pender County State Maintained Roads 
Map 7 -- Sampson County State Maintained Roads 
Map 8 -- Manually Assigned LRS Routes for Primary Roads 
Map 9 -- Manually Assigned LRS Routes for Duplin County Secondary Roads 
Map 10 -- Manually Assigned LRS Routes for New Hanover County Secondary Roads 
Map 11 -- Manually Assigned LRS Routes for Pender County Secondary Roads 
Map 12 -- Manually Assigned LRS Routes for Sampson County Secondary Roads 
Map 13 -- Manually Assigned LRS Routes for Secondary Roads > 5 Miles 
Map 14 -- Breakdown of LRS Route Lengths for Secondary Roads 
Map 15 -- Duplin County Roads with Inset Map 
Map 16 -- Inset Map for Map 15 showing LRS IDs for Secondary Routes 
Map 17 -- New Hanover County Roads with Inset Map 
Map 18 -- Inset Map for Map 17 showing LRS IDs for Secondary Routes 
Map 19 -- Pender County Roads with Inset Map 
Map 20 -- Inset Map for Map 19 showing LRS IDs for Secondary Routes 
Map 21 -- Sampson County Roads with Inset Map 
Map 22 -- Inset Map for Map 21 showing LRS IDs for Secondary Routes 



 31 

APPENDIX B 
 
 
 
 

ArcView Database Tables for the  
Four County System 

 
 
 
 
The following four ArcView tables are the database tables for Duplin, New Hanover, Pender, 
and Sampson counties.  These are the tables that were initially supplied for this study as 
ArcView database tables.  As a part of the work done in this study the ArcView database 
tables were converted to Microsoft Excel files, with only the LRSRT column added.  The 
reader is asked to refer to the text in Section 3.1 for a description of these tables.  Also see 
Section 4.4 for a discussion of their use and Section 5.1 for a discussion of the tools used to 
complete this study. 
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APPENDIX C 
 
 
 
 

Automated LRS Route  
Length Assignment 

 
 
 
 

The following table was created using Microsoft Access.  It lists all of the generated LRS ID 
values and presents a sum of the mileages (lengths) of each LRS route.  The first column, 
Sum of PMUMILE, is calculated by querying the four database tables from Appendix B for 
each specific LRS ID number.  This query identifies each link that is a part of that LRS route.  
With each link known, the PMUMILE column values for each link are added together to 
produce the entire length of that specific LRS route.   
 
Also provided in this table are Min of PMUMILE, Max of PMUMILE, and Avg of 
PMUMILE.  To calculate these the same procedure is followed as above, except that each of 
these values are pulled out and stored in a separate column.  These last values mentioned 
aren't values of great importance, but may provide further insight as to the makeup of each of 
these LRS routes if further analysis is warranted.  
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