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1.0 INTRODUCTION 
 
This chapter provides a general description of the overall objective of this report.  Several terms 
are introduced, which will be used throughout the report.  The chapter introduces the concept of 
a unified database and identifies the steps needed for its ultimate implementation.  The primary 
stakeholders involved in the development and use of the unified database are also introduced. 
 
1.1 BACKGROUND 
 
With the advent of advanced information technologies such as Geographical Information 
Systems (GIS), database management systems (DBMS), etc., the North Carolina Department of 
Transportation (NCDOT) has recognized the need to provide universal access to data.  The 
NCDOT’s main objective is to create an environment where data can be universally retrieved in 
a graphical GIS format or in a non-graphical database format.  But before any work in the 
centralized database design could be accomplished a number of issues needed to be resolved. 
 
The NCDOT began a three-part study that involved: (1) determining the most effective linear 
referencing system (LRS) for NCDOT’s needs; (2) database design, processing, and 
development with attention given toward the types of data analysis functions performed by 
NCDOT, standardizing data terminology, and determining the shared data needs of the 
participating business and engineering units; and (3) providing recommendations for the 
development and standardization of attributes for the database.  The first part of this study, which 
seeks to determine the most effective LRS scheme for NCDOT’s needs, has been completed.  
The results of their study are summarized in Chapter 2.  The main reason for summarizing the 
LRS is because it is intrinsically tied to the database model that is described in this report. 
 
This report is concerned primarily with the third task outlined above.  The Statewide Planning 
Branch desires to efficiently combine tabular and spatial data into an integrated system to 
support queries; applications; data entry and maintenance; and report generation, to the extent 
possible, from both the GIS and the Database Management System (DBMS).  The development 
of a data and information management system that achieves these objectives was sought and one 
model for this system is presented herein. 
 
1.2 PURPOSE 
 
The purpose of this report is to present a unified relational database model for NCDOT.  This 
database is designed to contain all data from the units herein referenced.  It must support the 
standard queries of interest to these units; it must support the data needs of their application 
programs; it must provide the reporting capabilities they need; and, it must support the data entry 
and management functionality required.  Furthermore, it must provide seamless integration with 
GIS. 
 
From this point onward, the database will be referred to as a unified database.  The database is 
unified in that it conceptually combines/keeps the current local databases managed within each 
individual branch.  The database is relational in its structure.  Its ultimate implementation tool is 
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ORACLE.  The purpose in developing the unified database is to make data entry more efficient, 
data query more manageable, and effective data exchange a reality among the participating units. 
 
1.3 SCOPE 
 
The unified database is designed to meet the needs of a specified set of individual DOT units 
including Statewide Planning (Traffic Surveys, Forecasting, and Planning), GIS, Traffic 
Engineering, and Pavement Management, herein after referred to as the “stakeholders.  It must 
be able to meet all of the data demands placed upon it from each of these units.  A relational 
database design is proposed herein to provide a more manageable and expandable data 
environment than is currently in use.  Next, a conversion of the existing databases of the 
stakeholders to a relational format is presented with a further refinement to create a unified 
relational database structure. 
 
1.3.1 Existing Databases 
 
There are presently many existing databases in use within NCDOT by the stakeholders.  One 
objective is to review the scope, nature, content, field definitions, and use of the existing 
databases and the attributes they contain, to gain an understanding of the data resource needs as 
currently embodied in existing data files.  This is critical so that the design of a proposed new 
relational DBMS meets the existing needs of the stakeholders and accommodates all of their 
data. 
 
The following are databases currently maintained by NCDOT.  The majority of these databases 
will be explained in greater detail in succeeding sections.  The existing databases include: 
 

1. Traffic Surveys Unit – Data Provider 
 

 Database Name Format/Source 
a) Annual Average Daily Traffic Data (AADT) Mainframe 
b) Special ADT Counts Access 
c) Turning Movements Access 
d) Vehicle Classifications Access 
e) ATR Data ASCII 
 

2. Traffic Planning Unit – Data User 
 

Not presently generating any databases.  Conducts long-range thoroughfare 
studies for cities and towns incorporating Average Daily Traffic (ADT) 
projections onto local highway networks.  The unit needs access to various 
databases. 
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3. Traffic Forecasting Unit – Data User 
 

Not generating any databases.  Develops reports that contain future traffic 
projections for existing and proposed roads.  The unit needs access to 
various databases. 

 
4. GIS Unit – Data Provider 

 
 Database Name Format/Source 
a) Mileage Inventory (Universe File)  Mainframe 
b) Street Name Inventory (Secondary Roads) Mainframe 
c) Location Inventory (Feature File)   Mainframe 
d) Supplementary Mileage Inventory  Mainframe 
e) Various GIS Data     ARC/INFO 

 
5. Traffic Safety Unit of Traffic Engineering – Data Provider/User 

 
 Database Name Format/Source 
a) Crash Database (w/DMV)   MERGE System 
b) Street Name Directory    Mainframe 
c) Ordinance Database    Mainframe 

 
6. Other Units Traffic Engineering – Data Provider 

 
 Database Name Format/Source 
a) Sign Inventory     N/A 
b) Signal Inventory     Mainframe 
c) Railroad Crossing     Oracle 
d) Traffic Control     N/A 

 
7. Pavement Management Unit – Data Provider 

 
 Database Name Format/Source 
a) Pavement Inventory    Oracle 

 
8. Other Data Sources – These databases are not treated in this report.  

However, they are important databases and should be addressed in any future 
work. 

 
 Database Name Format/Source 
a) Bridge Inventory     Mainframe 
b) Functional Classification    Mainframe 
c) Paving Priority     Mainframe 
d) Highway Expenditures    Mainframe 
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1.4 DATABASE DESIGN CONSIDERATIONS 
 
The primary focus of this report is on database design.  The main goal is to develop a structure 
for the relational database itself, i.e., to determine its content and organization.  At the same time, 
consideration is given to a number of other design considerations as enumerated below.  The 
reader is cautioned, however, that these items have not been fully treated in this report, and will 
be considered in detail in a future study. 
 
1.4.1 GIS Interface 
 
The unified relational database should support direct and seamless integration with the GIS so 
that data entry, searching, and queries can be issued via the GIS directly to an ORACLE 
relational database.  That is, the database should support traditional GIS spatial queries and 
analysis as well as the broad range of capabilities normally provided by a relational DBMS.  This 
report provides a conceptual model for the integration of the database to the relational DBMS.  
This is treated in section 7.1. 
 
1.4.2 Spatial Database Interface 
 
At the same time, any spatial data access or capabilities currently in use by the stakeholders must 
be able to be performed directly on the relational database itself (through the use of the DBMS) 
in addition to being able to be performed by the GIS.  These include, in particular, spatial search 
and spatial queries.  A working interface design is not presented in this report.  However, section 
7.4 provides a generic example of the implementation of spatial topology and attributes. 
 
1.4.3 Existing Application Programs 
 
This report includes a review of the existing computer application programs used by each of the 
stakeholders.  One major objective of this report is to identify the scope, nature, content, field 
conditions, and use of the required input and output of these applications to effectively support 
NCDOT’s data needs.  All data items that are required to support these application programs 
must be included in the database schema. 
 
1.4.4 Future Data Needs 
 
There should be communication with each of the stakeholders to identify new data item needs 
that can appropriately be incorporated into the overall database design.  Thus, not only should 
the new database design take into consideration existing applications, but it should also take into 
consideration projected data needs to support new applications.  Future data needs are addressed 
throughout chapters three through six.  These chapters detail the types of present and future data 
attributes related to each participating business unit. 
 
1.4.5 GPS 
 
This report considers the impact of GPS and its incorporation into the proposed LRS.  GPS can 
be used in one of two ways:  (1) to determine the location of a given object, or (2) to find an 



 10 

object given a location.  The former is a measurement (i.e. surveying) and the latter is navigation 
and it is used in ships, cars, and cargo trucks.  Today, more and more organizations are using 
GPS for collecting location data.  Section 5.2.1 provides a discussion on the use of GPS by state 
law enforcement agencies. 
 
The proposed LRS primarily uses unique road identifiers (LRS-ID’s) and mileposts to locate 
linear attributes.  That is, it determines location by measurement along a line from a starting 
point regardless of the path that the line takes.  GPS, on the other hand, determines location as a 
precise position in space and its measurement system is a coordinate system. 
 
GPS coordinates are not mileposts or linear measures.  However, GPS can be incorporated into 
the unified database by providing accurate coordinate positions for nodal entities such as 
intersections and county boundaries.  These coordinate positions can be converted to mileposts 
through the application of conversion programs.  Or, they can simply be stored as coordinates (as 
attributes in the database) and programs can be written to use them as needed by a particular 
organizational unit. 
 
One possible dilemma is that GPS can be more accurate than digitized GIS maps.  This could 
result in the incompatibility of location data.  That is, an existing point, as stored in GIS, may be 
positioned differently than the GPS coordinates of that point.  For example, consider the GIS 
lines representing our most accurate positioning of a highway.  A GPS point measurement of the 
highway centerline might yield a location that does not even land closely on the GIS line.  If not, 
how is the GIS line-work adjusted?  This is a future issue that must be resolved as GPS units 
become more widely used. 
 
1.4.6 Data Maintenance and Management Tools 
 
A central and essential activity is the maintenance of the Statewide Planning database.  In a later 
activity the tools required to do so will be designed and developed.  This report was developed 
keeping in mind the overall requisite maintenance and management functions so that the 
resulting relational database design efficiently supports those functions. 
 
1.4.7 Data Acquisition and Reporting 
 
Appropriate consideration must also be given to the overall requisite data acquisition and 
reporting functions so that the resulting design efficiently supports those functions.  The database 
tables and attributes that support acquisition and reporting are included.  Furthermore, the 
Federal Highway Administration’s (FHWA) Highway Performance Monitoring System 
(HPMS) reporting requirements must be met via the specified database design.  This is an issue 
that will be resolved during the construction of the relational DBMS and the database population 
phase.  Filter programs such as those described in section 7.5 will help to accomplish this task. 
 
1.4.8 Data Migration 
 
Consideration must also be given to the migration of existing databases and data files to the 
unified structure/format/organization.  For each identified database and data item, a new location 
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for that data needs to be specified and illustrated.  That is, it should be clearly shown how and 
where each stakeholder’s data is stored.  This report attempts to do so by presenting both the 
existing and proposed data structures and items (see chapters three through six).  Additionally, 
any foreseeable migration pitfalls or problems are identified and solutions proposed (see Chapter 
7).  In the future, a conceptual plan for the flow of new data into the database, from each 
stakeholder should be developed. 
 
1.4.9 Regeneration of Existing Database 
 
Existing applications are tightly coupled to existing data files.  During the actual development of 
the new database and for some time after its implementation, the application programs will 
require access to data in its original format.  This need will persist until those application 
interfaces are rewritten to accommodate the new data format.  Until that time, it will be 
necessary to regenerate the existing data files from the new database schema.  One future task is 
to define how that reverse migration can be accomplished and to identify any pitfalls or problems 
and propose their solution. 
 
1.4.10 Data Dictionary 
 
As part of the review of existing databases, applications, and files, and new data needs, a 
comprehensive data dictionary will be compiled.  This data dictionary should include at least 
three major categorizations of data: spatial, tabular, and temporal data. 
 
The data dictionary should provide complete definitions for each data item, identify both the 
organizational unit(s) and application(s) using (responsible for) that data item, data type, data 
domain and range, and provide either typical or comprehensive value sets for the data item.  The 
data dictionary should be organized and categorized into groupings related to stakeholder and 
applications needs for locally used data.  It should support data dictionary analysis and standard 
queries.  
 
This report identifies and defines many data attributes.  However, uncertainty remains as to 
which data attributes are to be included in the unified database.  Until each of the primary 
stakeholders decides precisely what information they want to be included, this task will remain 
unfinished.  As section 8.0 indicates, this report presents a template for NCDOT, which can be 
used to create its evolving databases.  The precise structure and content of these databases will 
not finally be defined until they are actually created. 
 
1.4.11 Data Dictionary Analysis 
 
One purpose of a critical analysis of all data items is to identify those data items that could be 
omitted from the new database.  A second purpose is to resolve conflicts, formalize naming 
conventions, and standardize definitions, thus obtaining a more concise, robust set of data items 
to meet all previously determined needs. 
 
Two conditions contribute to the need for a critical analysis of the new comprehensive data 
dictionary.  First, it is anticipated that over time a mismatch has occurred between the supply of 
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data on one hand, and the anticipated program demand for, or use of data, on the other hand.  It is 
expected that some existing data items may no longer be needed.  These items should be 
identified and removed. 
 
Second, it is known that secondary data items have been created from complications of other 
more fundamental (or base) data, thus proliferating a degree of redundancy of existing data.  
Furthermore, different ways of referring to and using data also result in redundant data items.  
These data items should be identified and removed if not needed in recreating data sets in 
previous formats. 
 
1.5 OWNERSHIP AND RESPONSIBILITY 
 
The envisioned unified database is one of a conceptually centralized database with distributed 
ownership and responsibility.  That is, the nature of the relational database model is such that 
free exchange of relational database tables is easily achieved.  This assumes, of course, a 
common ORACLE relational database tool and the adoption of the recommended LRS solution.  
Given that these two goals are met, data exchange will be immensely facilitated at NCDOT as a 
result of adopting the unified database design. This may be the one most significant result of this 
project. 
 
At the same time, it must be recognized that not everyone needs instant access to all data.  The 
nature of the majority of the data is such that one unit generally works with its data extensively 
and holds significant organizational responsibility for it.  Usually the needs of others for that 
same data are less immediate and less frequent.  Most data, therefore, does not need to reside on 
a central server and be continuously available to everyone.  Rather, it can usually reside with its 
host organizational unit and be made readily available upon request. 
 
Clearly, some data will need to be shared more quickly and more often than other data.  The 
point here is that there is also much data that does not need to be shared so quickly and often.  
This data can remain under more local control.  The fact that it is in a relational format, that it is 
on ORACLE, and that it is linked to the standard LRS means that it is available and can readily 
be shared. 
 
1.6 DATA STRUCTURES AT NCDOT 
 
In the past, most crucial data at NCDOT was stored on one type of database that was accessed by 
terminals tied to a centralized mainframe computer.  Access was limited in this type of system 
and those who may have been able to use the data were not able to retrieve it directly.  This type 
of system was also very difficult to maintain and required frequent programming for 
customization.  Because of the limited software and hardware capabilities of this type of system, 
the benefits of GIS could not be capitalized upon. 
 
The mid-1980’s brought great advancements in computer technology with the introduction of 
computer networks (e.g. Unix workstations) and the personal computer.  This helped to promote 
greater access to database systems and allowed GIS to become a powerful analytical tool.  Ever 
since the NCDOT began its GIS efforts back in the 1980’s much has been accomplished.  
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Recently, a statewide county roads layer has been placed in GIS format.  The road network was 
digitized from USGS 7.5’ quadrangle maps to the GIS.  Not only have the roads been digitized, 
but also several basic attributes, such as posted route number, have been added. 
 
In the 1960’s, NCDOT began maintaining a “Universe File” that contains roadway 
characteristics, which are referenced by segments described in milepost measurements.  
Basically, this file contains information about the road itself, such as topology and geometry, and 
is the primary NCDOT source of spatial data.  The file will eventually be incorporated with a 
GIS called ARC/INFO so that data can be displayed graphically.  Another file, called the 
“Feature File,” was created to contain information related to point features along the roads 
contained in the Universe File. 
 
The GIS Unit was formed in the mid-1990’s under the Statewide Planning Branch to maintain 
the GIS road layer.  There are several business units at NCDOT that have requested 
improvements to the GIS and database system to help them operate more efficiently.  These units 
include Statewide Planning, Traffic Engineering, and Pavement Management. 
 
1.7 ORGANIZATION 
 
This report is largely divided into six major parts.  The first major section summarizes the 
proposed Linear Referencing System (LRS) that will be used in the relational database design.  
The next four parts discuss the current database structures and future database needs of each of 
the NCDOT stakeholders: Statewide Planning Branch (Traffic Surveys, Forecasting, and 
Planning), GIS, Traffic Engineering, and Pavement Management.  
 
Each major part is divided into approximately the same sections.  A background discussion 
orients the reader to the unit’s functions, operations, and data needs.  The next section, “Major 
Applications,” discusses the most significant application needs and work activities of the unit.  
These are the functions or primary business activities of the unit that must be adequately 
supported by the data.  The section “Data Issues and Obstacles” discusses concerns, issues, and 
problems that need to be solved to fully support the data needs of the unit. 
 
The “Conceptual Database Design” section addresses the conceptual nature of the data needed 
by the unit.  The two primary categories are spatial and tabular data.  In this section a conceptual 
design is proposed.  The “Existing Databases” section fully enumerates all the units’ current 
databases and individual data items and provides definitions for data that is not completely 
obvious.  Lastly, the “Relational Conversion” section presents a relational model, which is 
largely equivalent to the existing data structures of each unit.  In theory, if each unit converted to 
these relational tables, all existing operations could be directly supported as they currently are. 
 
The final major part of the report, “Unified Database Structure,” then takes the individual 
relational schemas of each unit and links them to the proposed LRS solution to offer a proposed 
unified relational database schema.  Included in this section is a clear explanation of how 
ARC/INFO will interact with the unified database.  The section also describes the methodology 
for creating the LRS route-system.  This section is intended to resolve the ultimate objective of 
the report and is provide a comprehensive solution to the data dilemma facing NCDOT. 
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1.8 FORMAT 
 
The four major parts of the report (covering each of the stakeholders) present a proposed 
relational database schema for the data outlined in those sections.  The proposed schema in each 
part is designed to work with the data as it currently exits.  It does not necessarily reflect the 
proposed linear referencing system, but it does offer an improved relational table design. 
 
The unified database of Chapter 7, however, does reflect the proposed LRS design.  The format 
of the proposed design is presented in table form.  That is, a set of tables are provided identifying 
the table name along with the primary key(s) and attributes as follows: 
 

Table name (primary key, attribute 1, attribute 2, attribute 3, …, attribute n) 
 
Where appropriate, actual tables with representative data are presented.  These tables are 
intended as a guide for actual data entry into the ORACLE database program. 
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2.0 LRS SOLUTION 
 
This section summarizes the linear referencing system (LRS) to be adopted by NCDOT.  
Included in the summary is a statement of the importance of LRS to GIS, an outline of the 
recommended LRS, an enumeration of the advantages and disadvantages of the LRS, and the 
unified database’s incorporation of the LRS.  A complete report describing the proposed 
NCDOT LRS can be found on the World Wide Web at the following address: 
 

http://www.doh.dot.state.nc.us/planning/gis/gis/newlinref/default.html   
 
Refer to this report for further information. 
 
2.1 LINEAR REFERENCING SYSTEMS 
 
Linear referencing systems (LRS’s) are used to manage and promote the analysis of spatial data 
elements on transportation networks.  A linear referencing system may incorporate one or more 
location referencing system methods designed to support a series of office, field management, 
and integration procedures.  A location referencing system includes “procedures that relate all 
locations to each other…it includes techniques for storing, maintaining, and retrieving location 
information (Geo Decisions, 1997).”  A location reference method is a way to identify a single 
location, i.e., to reference a single position with respect to a known point (Geo Decisions, 1997).  
In practical terms, a linear referencing system can be defined as the GIS elements used to create, 
manipulate, and manage information gathered from various methods, including GPS, milepost 
referencing, and intersection address. 
 
There are several types of linear referencing methods employed by NCDOT and other 
transportation agencies.  These include Route-Milepost, Link-Node, X-Y Coordinate, and the 
Address methods.  Refer to the NCDOT report for a complete definition of these methods. 
 
A linear referencing system is used to relate all location referencing methods to each other.  The 
LRS must incorporate graphic displays of data on linear GIS networks so that spatial data 
analysis operations can be performed. 
 
2.2 IMPORTANCE OF LRS TO GIS 
 
GIS in the transportation field relies upon data that occurs along linear networks.  Because of this 
algorithms have been written that allow a “linear overlay” of data types in the GIS system.  This 
overlay of data has been accomplished though a dynamic segmentation process, which 
“facilitates both graphic and non-graphic integration of line-on-line, point-on-line, and polygon-
on-line features and data elements” (Geo Decisions, 1997).  Dynamic segmentation refers to the 
practice of measuring locations along a line where attributes occur.  A unified LRS is an attempt 
to represent many different data types spatially in a network structure in a standardized manner. 
 
In this report, the proposed LRS is the spatial backbone of the relational database and the GIS.  
That is, it is the sole means to locate features that are a part of, or are located along, a particular 
road. 

http://www.doh.dot.state.nc.us/planning/gis/gis/newlinref/default.html
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2.3 SUMMARY OF RECOMMENDATIONS 
 
One major aspect to the idea of a unified database is the selection of a common linear 
referencing system (LRS).  Currently, different stakeholders use different location reference 
methods (LRM) in order to suit their needs most efficiently.  The location reference methods 
described above are currently in use by various NCDOT business units and need to be supported 
by the new schema.  Eventually, a common LRS needs to be chosen so that the data can be 
organized spatially in the unified database without confusion or discrepancy.  For example, a 
highway may share two or more posted route names for a portion of its length.  Therefore, a 
database identification scheme is required so that a road can be uniquely identified while 
retaining posted route names as attributes.  Standardization among the stakeholders is required so 
that further discrepancy in route identification is avoided. 
 
The proposed NCDOT LRS is based upon a common linear datum, which is designed to include 
anchor sections and anchor points in a route-system.  An anchor section is a continuous, 
directed, non-branching linear feature, connecting two anchor points and having a measurable 
length.  An anchor point is a “zero-dimensional” location that is uniquely identifiable in the field 
by position.  The LRS will include these anchor sections and anchor points without any defined 
coordinates so as to enable sharing of data independent of cartographic network variations. 
 
A single network and route-system are to represent the state highway system.  In this route-
system each graphic GIS segment will have only one LRS route identifier.  The base location 
reference method will be route-milepoint.  In a route-milepoint system, data are located by an 
offset linear distance that describes the geometric location as measured along the route.  There 
are beginning and end nodes in this type of system that correspond to anchor points and link the 
anchor sections to each other. 
 
Each route in the LRS route-system should have a “permanent, unique, arbitrary identification 
number.”  This is much better for database purposes than if a “posted-route” number is used as 
the primary identification device. 
 
In addition, all spatial route-system coordinates should be stored in the ARC/INFO GIS 
database, while all attribute (event) data tables are stored in ORACLE databases.  Ramps and 
double line roads must also be represented in the LRS format.  Nodes should be placed at 
intersections and county boundaries to make county-based analyses easier but may also be used 
to identify other features as needed by NCDOT.  Bridges should be represented as a linear 
feature with a measurable distance, as opposed to a point feature.  And finally, local roads should 
be incorporated into the LRS to meet future data needs. 
 
2.4 ADVANTAGES OF RECOMMENDED LRS 
 
The advantages to the LRS that has been recommended clearly outweigh the disadvantages.  
Perhaps the biggest advantage the chosen LRS has over other LRS options is the overall 
manageability of the route-system and network.  For one, the LRS supports historical data 
collection and representation.  It is an easier system to maintain because of fewer route changes.  
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Changes will only occur to the system when new alignments or intersection features are added or 
modified.  Finally, internal route identities are maintained as “real-world” attributes change. 
 
The recommended LRS also makes the statewide reference structure more efficient.  There is 
increased capability and amiability in data creation, conversion, storage, and maintenance.  The 
system requires less processing overhead for dynamic segmentation display.  That is, there will 
be less graphic duplication.  The more elements contained in the route-system, the longer it takes 
to process queries.  The process time is reduced because only one GIS route is needed for each 
graphic segment.  The system has a great efficiency advantage in that multiple “posted-routes” 
are represented by only one GIS route-section with a unique identifier.  Finally, LRS data will be 
easier to share among NCDOT units and others because of the standardized structure.  In some 
instances, units will still use different location referencing methods, but the creation and use of 
“LRS filters,” or translation software, can still support data exchange. 
 
There are two disadvantages to the use of the proposed LRS.  First, GIS routes will not directly 
reflect actual highway designations and types.  This will cause manual queries to become more 
complicated and will result in confusion among those accustomed to speaking in terms of posted 
routes only. 
 
Second, because all database attribute data is accessed by a unique identifier and one milepost 
(point feature) or two mileposts (linear feature), every access to the ORACLE database requires 
a mathematical calculation to identify data.  This is discussed in section 7.9. 
 
2.5 DATABASE USE OF THE LRS 
 
The database design contained herein will make use of the proposed LRS.  The key elements for 
the relational database are the unique route identifier and the milepost.  These are two very 
important elements because they will serve as the sole means for locating data that is related to 
specific routes.  In some instances, these two or more elements will serve as composite keys in 
the relational table structure.  A key is an attribute that is used to relate data from table to table, 
i.e., to enable one to identify, and thus find, data that may be widely distributed in relational 
tables.  A composite key is a combination of two or more attributes that uniquely identify a row 
in the table. 
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3.0 TRAFFIC SURVEYS, FORECASTING,  
AND PLANNING UNIT 

 
3.1 BACKGROUND 
 
The Traffic Surveys, Forecasting, and Planning Units of the Statewide Planning Branch 
(SPB) are responsible for traffic counting, traffic analysis, and traffic projection operations.  
Each unit’s specific responsibilities are described in the following subsections. 
 
3.1.1 Traffic Surveys 
 
The primary function of the Traffic Surveys Unit is to collect transportation data and to format it 
in a meaningful manner.  This data can then be published for use by other units.  Approximately 
90 percent of the data is specific to traffic volumes, vehicle types, and vehicle weights.  The unit 
may be viewed as a transportation data warehouse.  However, in addition to storing data, the unit 
also processes data to derive traffic and travel statistics that are of use to others.  In the future, 
this unit would like to provide on-line access to its data for ready access for all those who might 
be interested in traffic information.  The major applications and data described in this chapter are 
all associated with Traffic Surveys because Traffic Forecasting, and Traffic Planning do not 
collect any data, but rather, they are users of the data collected by Traffic Surveys. 
 
3.1.2 Traffic Forecasting 
 
Traffic Forecasting is concerned with predicting future traffic volumes.  It also predicts how the 
behavioral trends of the population will impact the transportation system.  Information related to 
future traffic volumes, turning movements, etc. are passed on to other business units throughout 
NCDOT. 
 
Traffic Forecasting uses the data collected and processed by Traffic Surveys to help accomplish 
its objectives.  The unit has four basic objectives that include: 
 

1) The development of future traffic volume estimates for possible road projects. 
2) Timely delivery of travel forecasts to different Departments and Units. 
3) Assess present and anticipated traffic and land development needs for the 

State. 
4) Assure that the transportation networks are adequate for future traffic and 

growth. 
 
Traffic Forecasting does produce information that could be included in the unified database.  
This information includes future Average Daily Traffic (ADT) data, future truck percentages, 
and future turning movements.  Yet the unit states that a word of caution must accompany this 
information.  All traffic projections are highly subjective and are based on assumptions regarding 
the future configuration of the highway network.  If a segment of the network is unexpectedly 
changed, or if traffic growth patterns change, then the projections can become highly inaccurate.  
Therefore, it must be emphasized that traffic projections from Traffic Forecasting are not to be 
used without careful study of the assumptions. 
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3.1.3 Traffic Planning 
 
Traffic Planning is responsible for conducting systems planning.  This involves developing long-
range thoroughfare studies for cities and towns.  The primary purpose of these studies is to 
develop maps showing projected ADT for the highway network surrounding a community.  
These maps are a tool used to assess future transportation needs.  Traffic Planning does not feel 
that these ADT projections can be incorporated into the unified database on a route segment 
basis because of the data’s inherent subjectivity.  Rather, the unit feels that the maps showing the 
projected ADT for a community must stand alone because a modification, addition, or deletion 
of a road in the system network they are concerned with, can have a tremendous impact on the 
rest of the system. 
 
Although Traffic Planning does not generate any data to be included in the unified database, the 
unit will be a major data user.  They currently rely on the Universe File (see Chapter 4) to help 
them build a link-node representation of an area’s road network for analysis purposes.  They 
would like to retain that capability following the implementation of the unified database. 
 
It should be noted that Traffic Planning is closely related to Traffic Forecasting.  The reports 
generated by Traffic Planning in its thoroughfare studies utilize and include projections 
calculated by traffic forecasting.  They also go one step further to include socio-economic data 
such as the number of travel productions (residences) and attractions (businesses) within the 
limits of the studies. 
 
3.2 MAJOR APPLICATIONS 
 
3.2.1 Survey Programs 
 
Traffic Surveys is responsible for maintaining data collected in a series of programs.  In this 
context, program may be defined as the data gathering and analysis activity within the unit.  The 
Traffic Survey programs include the following: 
 

Continuous Count Program (ATR) – In this program, all vehicles are 
individually counted and grouped by type using machines that can be remotely 
accessed without personnel having to field check them.  These machines are 
permanent counting stations.  The data they collect is used to determine Average 
Daily Traffic (ADT) and Design Hour Volume (DHV) information. 
 
Coverage Count Program (PTC) – This program uses conventional vehicle 
counters that do not distinguish between vehicle types to record the amount of 
vehicle traffic at a particular location.  Personnel must field check these counters 
periodically to record the vehicle counts.  These machines are portable but usually 
remain fixed over time. This data is also used to determine Average Daily Traffic 
(ADT) and Design Hour Volume (DHV) information. 
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Vehicle Classification Program – In this program, vehicles are counted and 
classified into 13 vehicle types for the purposes of traffic analysis, and roadway 
design/improvement. 
 
Weigh-in-Motion Program (WIM) – In this program, all types of vehicles are 
weighed using special scales placed in the roadway.  The weight recorded is 
weight per axle because this is more useful than actual vehicle weight. 
 
Special Count Program – Often a department may require a specific type of 
count at a particular location as part of a special study or to design an 
improvement.  In that case, a special count, beyond the scope of the other counts 
mentioned in this section, may be taken in order to provide for the special need. 
 
Vehicle Occupancy – In this program, the number of occupants per vehicle is 
counted. 
 
Origin and Destination Survey – This program surveys drivers and passengers to 
determine where their trips originated from and what their terminal destination is. 
 
Drawbridge Reports – In this program, the number and type of vehicles using a 
drawbridge is recorded. 
 
Ferry Utilization Reports - In this program, the number and type of vehicles 
using a ferry is recorded. 

 
3.2.2 Program Details 
 

• Continuous Count Program (ATR) – This is a program where traffic counts are 
continuously collected using Automated Traffic Recorders (ATR).  Counts are 
provided hourly by lane continuously.  There is an option to provide counts in 
15-min. to 1-min intervals.  There are approximately 100 of these recording 
stations throughout the state operating 365 days a year.  In addition to counting, 
selected stations classify vehicles, provide speed interval data, vehicle length, 
and speed by vehicle length groupings.  Counts are normally recorded as # 
vehicles/hr.  

 
• Coverage Count Program (PTC) – This is a program where traffic counts are 

periodically collected using portable traffic counters.  These Portable Traffic 
Count (PTC) stations are generally located at fixed locations.  Approximately 
58,000 of these stations are operated throughout the state.  The stations are 
divided into several categories, including Urban, Primary, Paved and Soil 
Secondary, Interstate, and Interstate Ramps.  All stations are counted annually 
(one count per year) with the exception of the Urban and Paved and Soil 
Secondary, which are counted biannually.  Counts are normally taken in 24 to 
72 hour intervals and are recorded as daily totals. 
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• Vehicle Classification Program – There are approximately 300 sites devoted to 
counting and classifying 13 vehicle types.  Of these 300 sites, one hundred 
stations are utilized for counting each year.  That is, count stations are 
operational once every three years.  In addition, there are 350 truck-monitoring 
stations of which 300 are utilized to count annually. That is, 50 sites are rotated 
out of service each year and return to service the following year.  These 
classification sites employ either manual or automatic classification devices.   

 
Manual classification data is collected using Jamar count boards.  Lotus 1-2-3 is 
then used for processing and reporting.  Machine classification data is collected 
with Peek ADR 100 equipment by lane by hour.  Peek software is used to 
process the binary data and produce the reports.  Site information is then kept in 
an Access database.  From the Access program, two annual reports are 
produced.  One report is site-specific information and the other report is 
classification distributions using FHWA’s Functional Roadway Classification.  
In about 2 years the unit will begin collecting continuous vehicle classification 
data by lane by hour. 

 
• Weigh-in-Motion Program (WIM) – There are 23 SHRP sites and 5 WIM 

Monitoring Stations that are in continual operation.  WIM data is collected 
using equipment and software supplied by two different vendors.  Both sources 
convert the data to FHWA Card 2, 4, and 7 formats.  Vitrus software (from 
FHWA) is used to summarize the data into monthly and annual reports.  WIM 
data is also used to compute ESAL (equivalent single axle loads), which is used 
by Pavement Management.  WIM also monitors the number of vehicles that are 
in violation of the Federal Bridge Formula. 

 
• Special Count Program – By a special request from another unit within 

NCDOT, the following data collection activities may be conducted.  A special 
request usually occurs when there is a specific need that cannot be met using the 
data collected in other Traffic Surveys’ Programs. 

  ⇒ Intersection Studies (Turning Movements) 
  ⇒ Travel Time Studies 
  ⇒ Other Vehicle Data Collection 
 

• Vehicle Occupancy – This is data related to the number of people occupying 
each vehicle. 

 
• Origin and Destination Survey – This is data related to the origin and 

destination of travelers.  Data is collected manually by individuals asking 
specific questions of drivers and passengers.  This type of survey is conducted 
periodically at the discretion of the department. 

 
• Drawbridge Reports – Data for drawbridges is maintained in a paper format and 

is mainly concerned with the number of different vehicle types that use the 
drawbridges. 
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• Ferry Utilization Reports – Data for ferries contains counts and classifications 
of vehicles using the ferry system accounting for vehicles towing trailers. 

 
• Historical Paper and Map Files – The unit also stores old paper records such as 

past traffic counts and maps that show information such as Average Daily 
Traffic (ADT) and Design Hour Volumes (DHV). 

 
The unit also makes use of mainframe database files maintained by the GIS unit.  These 
databases (Universe and Feature File) are accessed in several ways.  The Statewide Planning 
Branch’s access to this data is through the NCDOT mainframe.  Unit staff uses this connection to 
search data and generate reports.  They may also query specific data and receive hard-copy 
results of the queries in a report form.  Sometimes, the mainframe databases are dumped into 
their own local database files using programs such as Paradox. 
 
Key products of Traffic Surveys are maps that show traffic counts affixed to roads.  These maps 
are developed from the processed data generated by the unit.  They provide a graphical 
representation of traffic levels on roads throughout the state.  These maps are sent to the GIS 
Unit’s Mapping Section where they are digitized into Microstation, a CAD package.  Eventually, 
these maps will be accessible in an on-line format, where traffic volumes can be quickly 
ascertained. 
 
3.3 DATA ISSUES AND OBSTACLES 
 
The Traffic Surveys Unit has indicated that the current data management system is cumbersome 
and difficult to update.  There are over five different data systems that are contained in over five 
different database types (e.g. Access and Mainframe – flat file).  Data downloaded from the 
mainframe and data acquired from other unit’s databases has led to replication of data and 
parallel databases.  Often, data is collected in the field, transferred to digital format, printed in a 
paper report, and then reentered in a slightly different digital format.  All of this results in 
outdated data because the original databases are out of the owner’s control.  Therefore, data can 
no longer be updated and maintained properly.  There is no mechanism for making changes to 
these parallel copies of the databases.  Obviously, this is not the most efficient means of data 
management. 
 
The unit would like to see the entire data management process revamped.  The unit would like to 
allow easier access to data while ensuring data security.  In order to do this, software must be 
standardized by selecting database management systems that can be integrated with one another.  
Data processing must be streamlined so that needless efforts are not expended.  Data queries that 
are both flexible and comprehensive must be possible so that specific information can be called 
when needed and in a proper format.  The unit would like to see a standard query structure for all 
reports and queries.   
 
Another way of enhancing the overall access to data is through a graphical interface at the front 
end of all queries.  This type of capability would be achieved through the GIS. 
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Reports need to be designed with a higher quality and efficiency (i.e. improve readability and 
eliminate redundant information).  One way to increase report efficiency is by delivering reports 
in an electronic format at periodic intervals (i.e. monthly, yearly, or on-demand).  This means 
information will be available on-line without ever having to see a printed hard copy. 
 
Ultimately, Traffic Surveys would like to see utilization of the Internet/Intranet without requiring 
mapping software.  This means that the mapping software is still required, but resides on the 
Internet server.  This would help to reduce the amount of direct interaction with the general 
public by providing limited public access to the data (both tabular and spatial).  In order to work, 
cross-platforms formats must be utilized for data exchange.  This would also enhance 
interagency data exchange because different units use different database management programs. 
 
The unit wants to continue its data collection efforts as well as receive data from other agencies.  
It would like to increase the number of automated data collection devices to help increase data 
confidence.  Once data has been collected, the system should be such that data is entered only 
once.  The same goes for data updating.  There should only be a single point where data is 
updated.  It is expected that the new database management system will allow for faster and more 
efficient data edits, corrections, and adjustments.  The new system must be able to receive and 
process data from a local server with its network of personal computers.  It is important that the 
ability to produce reports and maps is continued and that requests for data and statistics are 
satisfied. 
 
It should be pointed out that Traffic Surveys maintains a tremendous amount of data.  Section 3.6 
includes a series of data inputs and outputs generated from the programs described above.  In 
most cases, the data inputs are considered “raw” data  (i.e. the data obtained from the counting 
stations) that must first be analyzed and processed into a suitable output.  The majority of this 
“raw” data is not to be included in the unified relational database.  Rather, it is to remain on the 
mainframe in its original form.  For the most part, only processed data is to be included in the 
unified database.  This processed data is much more useful to other departments within NCDOT.  
The “raw” data cannot be used effectively until it is processed. 
 
Section 3.7 contains the relational conversion of data structures for Traffic Surveys.  In this 
section, both “raw” count data and processed data is included.  The “raw” data is provided 
simply to show its form.  Although all current processed data is provided in section 3.7, it will be 
Traffic Surveys’ decision as to what data is ultimately included in the unified database. 
 
3.4 PROPOSED TRAFFIC INFORMATION SYSTEM 
 
Traffic Surveys has initiated a directive to institute a Traffic Information System.  This 
information system is basically a re-organization of the current major applications into a system-
wide hierarchy.  It has been designed to cover many of the issues discussed in the section above.  
 
The are many desired characteristics for the Information System.  A comprehensive system that 
includes all of the unit’s activities is desired.  The system must be logical in that it follows the 
program flow diagrams.  This will enable personnel a better opportunity to track data through the 
system.  The system must be consistent from application to application to reduce the time 
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required to learn basic functions.  At the same time, there needs to be an interaction capability 
among the different applications.  In order to enhance these interactions, some degree of 
standardization is required among the input and output data items and types.   
 
The system needs to support quick problem identification and resolution.  The GIS interface 
needs to allow for quick and accurate mapping.  The system must provide better data quality 
through additional checks and quality.  The analysis capabilities are expected to improve with 
the system and processing time reduced.  Finally, it must support electronic data interchange to 
reduce the amount of data entry and paperwork. 
 
In the proposed Information System structure, there would be a Continuous Count Program 
Menu and a Projects Program Menu.  The Continuous Count Program Menu would contain 
ATR, Classification (Permanent and HPMS), WIM, Drawbridges, and Ferries data.  The Project 
Program Menu would contain Intersection Studies, Volume Studies, and Classification (Manual 
and Mechanical) data. 
 
3.5 DATA – CONCEPTUAL DESCRIPTION 
 
In this section, data from each Traffic Survey, Forecasting, and Planning program are listed and 
described in a conceptual manner.  That is, not all data items are explicitly enumerated and 
described.  Rather, the types of data types are characterized.  In this context, program may be 
defined as the data gathering and analysis activity within the unit.  Data required for each 
program may be classified into several types of categories, including: 
 

• Spatial Data – where the count station is located 
• Geometric Data – direction of travel or lane of travel 
• Setup Data – information recorded when a count/survey is initialized 
• Time Referencing Data – when (time) counts were taken 
• Count Data – the number of vehicles per hour or the number per day 
• Vehicle Classification Data – the types of vehicles counted 
• Weight Data – how much each vehicle weighs 
• Speed Data – how fast vehicles are traveling 
• Related Analysis Data – processed information such as average daily traffic (ADT) 

 
Each program requires data collection in the field.  This data may be collected manually in a 
paper format or it may be collected manually in an electronic format.  Certain data is collected by 
a completely automated system.  The data collected in the field is then used as input data into a 
database for each program.  Output data is generated after certain analysis functions have been 
performed on the data.  This analyzed output data is then typically summarized in weekly or 
monthly reports. 
 
The following is a conceptual presentation of the data required for each Traffic Survey Program.  
Each program is listed along with a general description of the data types included in the 
program’s input and output data: 
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• Continuous Count (ATR) Program: location, geometric, station identification, 
time referencing, raw vehicle counts, conversion factors, annual daily traffic 
(ADT), peak hour volume distribution, and rankings of specific time interval 
counts. 

• The Coverage Count (PTC) Program: location, geometric, time referencing, 
station identification, raw vehicle counts, adjusted vehicle counts, and annual 
average daily traffic (AADT). 

• Vehicle Classification Program: location, geometric, station identification, 
counts, vehicle classifications, ADT, and axle correction factors. 

• Weigh in Motion Program: location, geometric, time referencing, station 
identification, vehicle weights, axle counts, axle spacing, and speeds. 

• Intersection Studies (Turning Movement): location, geometric, time 
referencing, site identification, vehicle counts, vehicle classification, projected 
travel, peak hour values, and traffic volumes. 

• Origin and Destination Studies: location, geometric, time referencing, vehicle 
counts, vehicle classification, vehicle occupancy, trip classification, origin, and 
destination.   

• Drawbridge Studies: time referencing, bridge identification, vehicle counts, and 
vehicle classification. 

• Ferry Studies: time referencing, ferry identification, vehicle counts, and vehicle 
classification. 

 
3.6 EXISTING DATABASES 
 
In this section, specific data items (attributes) are enumerated for each data structure.  These are 
the data items that are gathered in the field and included in all output summaries.  There are two 
sets of data listed for each program.  The first set is raw data gathered in the field and later used 
in processing applications.  In this report, we often refer to this data as input data as it is used as 
input to the many analysis programs and data processing activities of the NCDOT.  The second 
set is generally data that has been processed and analyzed and is used in forecasting and planning 
activities.  This data is herein referred to as output data.  Figure 3.1 is a physical model of the 
data cycle within each program. Each data element is followed by its data input format.  Some 
data elements require a brief definition, which is provided only for data elements that may not be 
readily understood. 
 

Figure 3.1 
 
3.6.1 Continuous Count Program (ATR) 
 

Program
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Raw
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Processing
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Vol.)
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The Continuous Count Program (ATR) contains the following raw data elements.  Data from 
the Automated Traffic Recorders (ATR) is typically gathered electronically in the field and then 
uploaded via modem.  In a few instances data must be gathered manually due to the lack of 
communication lines. 
 
• Record Identification: 3 = ATR Data – 

Numeric  
• FIPS State Code - Numeric 
• Functional Classification Code - Numeric 
• Station Identification Number - Alpha 
• Direction of Travel Code - Numeric 
• Mainline Lane of Travel; 0 = combined 

lane, 1= outside; 2 = next to outside; 3 to 9 
= inside lane - Numeric 

• Year of Data (last 2 digits) - Numeric 
• Month of Data (01-12) - Numeric 

• Day of Data (01-31) - Numeric 
• Day of Week: 1 = Sunday, 2 = Monday, 3 

= Tuesday, 4 = Wednesday, 5 = Thursday, 
6 = Friday, and 7 = Sunday - Numeric 

• Traffic Volume Counted, 00:01 - 01:00 
through 23:01 – 24:00 - Numeric 

• Footnotes: 0 = no restrictions, 1 = traffic 
affected by construction or other activity - 
Numeric 

 
There are two sets of analyzed/processed data associated with the Continuous Count Program 
(ATR).  The first set of data is included in a Monthly Report format.  The following are data 
items included in the monthly report: 
 
• Station Number – Integer 
• Direction – Text (Compass Direction) 
• Lane – Integer 
• Weekday Average Traffic – Integer 
• Saturday Average Traffic – Integer 

• Sunday Average Traffic – Integer 
• Monthly Average Traffic – Integer 
• Number of Days of Data – Integer 
• Monthly Total Traffic – Integer

 
The second set of analyzed/processed data associated with the Continuous Count Program 
(ATR) is part of an Annual Summary.  This annual summary is stored in an electronic format and 
later printed into a paper format.  The following are data items included in the annual summary: 
 
• Station ID – Integer 
• Direction – Text (Compass Direction) 
• Month – Integer 
• ADT – Integer (Average Daily Traffic) 
• ADT Factor – Floating Point 
• Average Saturday Count – Integer 
• Average Sunday Count – Integer 
• Conversion Factor for 24-Hr Count to 

Average Weekday (Mon) – Floating 
  • 
  • 
  • 
• Conversion Factor for 24-Hr Count to 

Average Weekday (Fri) – Floating 

• Short-Term to 24 Hr Factor (early) – 
Floating 

• Short-Term to 24 Hr Factor (late) – 
Floating 

• Short-Term to 24 Hr Factor (all day) – 
Floating 

• Hour of AM, PM Peaks – Integer 
• Distribution of AM, PM Peaks – Integer 
• Distribution by Direction – Integer 
 
Highest 100 Hours for Each Hourly Interval 
on a 365 Day Calendar: 
• Count – Integer 
• Month – Integer 
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• Date • Day of Week - Integer
Note that conversion factors are only computed for Monday through Friday.  Conversion Factors 
are not required for Saturday and Sunday. 
 
3.6.2 Coverage Count Program (PTC) 
 
Raw data for the Coverage Count Program (PTC) is gathered in the field and recorded in a 
paper format.  All raw data in the PTC program are in the form of axle counts.  That is, for the 
time period under consideration, axles are counted as opposed to vehicles.  Conversion factors 
are later applied to convert the axle counts into vehicle counts.  After the data has been gathered 
in the field it is then entered in an electronic format.  Codes (e.g. County ID number) are used to 
designate certain attributes in the data tables.  The following are the PTC data items followed by 
the input format and a brief clarification of the data type: 
 
• Year and Month – Integer  
• County – Integer (Spatial) 
• Station ID – Integer (Spatial) 
• Direction – Logical (Not a compass 

directions but defines whether or not the 
counter is a directional pair) 

• Day of the Week – Integer  
• Installed reading – Integer (The count 

recorded at the time the counter is 
installed.) 

• Location – Text (The spatial 
representation of the counter on a posted 
route is reference to another route) 

• Remarks – Text (Comments) 

• 1st Day Reading – Integer (The count 
recorded on the first day) 

• 1st Day Data Good Flag – Logical (A flag 
is used to note when a day’s data is 
unacceptable) 

• 2nd Day Reading – Integer (The count 
recorded on the second day) 

• 2nd Day Data Good Flag – Logical 
• 3rd Day Reading – Integer (The count 

recorded on the third day) 
• 3rd Day Data Good Flag – Logical 
• Machine Number – Integer (The 

identification number of the counter being 
used.) 

 
Traffic Surveys is in the process of converting from cumulative counters to interval counters.  
This means that readings will no longer have to be taken manually for 3 successive days.  With 
cumulative counting, readings have to be taken by an individual periodically at specific time 
intervals on specific days.  The interval counter is able to automatically record and store counts 
for specific time intervals such as days of the week. 
 
The analyzed/processed data for the Coverage Count Program is included in a Monthly Master 
List Report (paper format) and a Yearly Master List Report (electronic and paper formats).  The 
following data items are included in the Monthly Master List Report: 
 
Raw Data: 
• County ID – Integer 
• County Name – Text 
• Station Number – Integer 
• Route Type – Integer 
• Route Number – Integer 

• Location – Text 
• ATR Group – Integer 
• Axle Factor – Floating Point 
• 1st 24-Hr Raw Count – Integer 
• 1st 24-Hr Adjusted Count – Integer 
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• 2nd 24-Hr Raw Count – Integer 
• 2nd 24-Hr Adjusted Count – Integer 

• 3rd 24-Hr Raw Count – Integer 
• 3rd 24-HR Adjusted Count – Integer

 
Processed Data: 
• Current Year Average Count – Integer 
• 1st Past Year – Integer 
• 1st Past Year AADT (Annual Average 

Daily Traffic) – Integer 
• 1st Past Year Adjusted AADT – Integer 
• 2nd Past Year – Integer 
• 2nd Past Year AADT – Integer 
• 2nd Past Year Adjusted AADT – Integer 

• 3rd Past Year – Integer 
• 3rd Past Year AADT – Integer 
• 3rd Past Year Adjusted AADT – Integer 
• 4th Past Year – Integer 
• 4th Past Year AADT – Integer 
• 4th Past Year Adjusted AADT – Integer

The following data items are included in Yearly Master List Report: 
 
• County ID – Integer 
• Station Number – Integer 
• Route Code – Integer 
• Route Number – Integer 
• Location – Text 
• ATR Group – Integer 
• Axle Correction Factor – Integer 
• Year 1 – Integer 
• AADT 1 – Integer 
• Adjusted AADT 1 – Integer 

• Year 2 – Integer 
• AADT 2 – Integer 
• Adjusted AADT 2 – Integer 
• Year 3 – Integer 
• AADT 3 – Integer 
• Adjusted AADT 3 – Integer 
• Year 4 – Integer 
• AADT 4 – Integer 
• Adjusted AADT 4 – Integer

 
3.6.3 Vehicle Classification Program 
 
The Vehicle Classification Program collects counts of vehicles of different types.  The data 
collected are raw counts recorded in hourly intervals in the field at designated classification 
stations. 

 
• Cycles 
• Cars 
• Pickup Trucks 
• Buses 
• 2-Axle, 6-Wheel Trucks 
• 3-Axle Trucks 
• 4-Axle Trucks 

• 4-Axle Single Trailer 
• 5-Axle Single Trailer 
• 6- Axle Single Trailer 
• 5-Axle Twin 
• 6-Axle Twin 
• 7-Axle Twin 
• Other 

 
Once the data has been analyzed, it is placed in annual report and the vehicle classes are 
individually reported as a percentage of total vehicles surveyed.  The results of the analysis are 
grouped by classification station and include the following: 
 
• County – Text 
• Route Description – Text 

• Location – Text 
• Counts – Integer 
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 ⇒ Cars and Cycles 
 ⇒ Pick-up Trucks 
 ⇒ Buses 
 ⇒ 2-Axle, 6-Wheel Trucks 
 ⇒ 3-Axle Trucks 
 ⇒ 4 & 5-Axle Trucks 

⇒ 3 & 4-Axle TTST’s (Tractor Trailer  
 Single Trailer) 

 ⇒ 5-Axle TTST’s 
 ⇒ 6 & 7-Axle TTST’s 
 ⇒ 5-Axle Twins 
 ⇒ 6-Axle Twins 
 ⇒ 7-Axle Twins 
• ADT (Average Daily Traffic) – Integer 
• Axle Correction Factors – Floating Point

 
3.6.4 Weigh in Motion Program 
 
Data for the Weigh in Motion Program is gathered electronically in the field and uploaded via 
modem.  The following is raw data collected for the Weigh in Motion Program followed by a 
data input format. In a few instances data must be gathered manually due to the lack of 
communication lines. 
 
• Record Type – Data record of station 

description record 
• FIPS State Code – Integer 
• Station ID – Text 
• Direction – Integer (Direction of traffic 

flow.) 
• Lane of Travel – Integer (e.g. outer, inner, 

middle lane, etc.) 
• Year of Data – Integer 
• Month of Data – Integer 
• Day of Data – Integer 
• Hour of Data – Integer 
• Vehicle Class – Integer 
• Total Vehicle Weight – Integer 
• Number of Axles – Integer 
• A-axle Weight – Integer (The weight of 

the first axle to pass over the scale.) 
• A-B Axle Spacing – Integer (The distance 

between the first and second axles.) 

• B-axle Weight – Integer (The weight of 
the second axle to pass over the scale.) 

• B-C Axle Spacing – Integer (The distance 
between the second and third axles.) 

• C-axle Weight - Integer (The weight of the 
third axle to pass over the scale.) 

  • 
  • 
  • 
• K-L Axle Spacing – Integer (The distance 

between the eleventh and twelfth axles.) 
• L-axle Weight – Integer (The weight of 

the twelfth axle to pass over the scale.) 
• L-M Axle Spacing – Integer (The distance 

between the twelfth and thirteenth axles.) 
• M-axle Weight – Integer (The weight of 

the thirteenth axle to pass over the scale) 
• Speed - Integer 

 
At the present time, Traffic Surveys does not include data from the Weigh in Motion Program in 
any standardized output summary.  In the future, they may include processed/ analyzed data from 
the Weigh in Motion Program in some form of summary report. 
 
3.6.5 Intersection Studies (Turning Movements) 
 
Data for Intersection Studies (Turning Movements) is gathered manually on an electronic board 
in the field and uploaded via modem.  The following is raw data as collected for the Intersection 
Studies followed by the data input format. 
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Setup data: 
• Date of Count – Integer 
• Starting Time – Time 
• Interval Length – Time 

• Number of Intervals – Integer 
• Site Code – Text

 
Movement counts from all approaches: 
• Right – Integer 
• Through – Integer 

• Left – Integer 
• Other - Integer

 
Processed/analyzed data from the Intersection Studies Program is returned in both a paper and 
electronic format and is organized in the following structure: 
 
Location Data: 
• Route Names – Text 
• County – Text 
• City (in or near) – Text 

• Area Type – Text 
• Functional Classification – Text 
• Facility Type – Text

 
Count Data: 
• Station – Integer 
• Date – Text 

• Day of Week – Text 
• Data Collector – Text

 
Traffic Data: 
• 15-Min Counts by Individual Turning Movement for 11 to 15 Hours – Integer 
• 15-Min Counts for 3 Truck Classes on Designated Approach – Integer 
 
Traffic Analysis Data: 
• 15-Min Total Entering Vehicles – Integer 
• 15-Min Total Entering Trucks on 

Designated Approach – Integer 
• Day Totals by Movement, Intersection, 

and Trucks – Integer 
• 24-Hour Projected Totals by Movement, 

Intersection, and Trucks – Integer 
• AM & PM Peak Hour Volume by 

Movement and Intersection – Integer 

• AM & PM Peak Hour Times, Percentages, 
and Factors by Approach, and Intersection 
– Integer 

• Dual, TTST, and Twin Trucks 24-Hr 
Volumes and Percentages by Designated 
Approach – Integer 

• Diagrams Depicting Intersection Layout 
that Provide 24-Hr, AM Peak, and PM 
Peak Volumes by Turning Movement

 
3.6.6 Origin and Destination Studies 
 
Origin and Destination Studies are normally conducted through interviews of vehicle occupants 
at designated locations.  Data is recorded in a paper format in the field and later entered in an 
electronic format for processing.  Origin and Destination Studies do not have a predetermined set 
of data items or a fixed format for data collection and reporting.  That is, each study is slightly 
different from the previous study, and there is no defined set of data that is collected and 
published for each study. 
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Data Collected in Interviews: 
• Hour of Data –Integer 
• Date – Integer 
• Station Number – Integer (Identification 

number of station where interview occurs.) 
• Vehicle Type – Integer (classification) 
• Occupancy – Integer (number of 

passengers) 

• Trip Purpose – Integer 
• Garage Location – Character 
• Direction – Binary (Inbound/Outbound) 
• Zone of Origin – Integer 
• Zone of Destination – Integer 

 
Data Collected during Classification Counts: 
• Count and Classification During Station 

Operation – Integer 
• 24-Hour Count across the Time of Station 

Operation – Integer
 
The output data for the Origin and Destination Study Program is normally organized into a 
report in the form of a Trip Table Matrix.  The table-matrix may contain the following data 
items: 
 
• The number of expanded trips from each study zone by hour of day and vehicle type.  

That is, this matrix is used to report the number of vehicles (by class) traveling from 
one particular place (zone) to another. 

• The number of expanded through trips from each station by hour of the day and by 
vehicle type.  That is, the number of vehicles (by class) traveling through the zone in 
which the survey station is located. 

 
3.6.7 Drawbridge Division 
 
The Drawbridge Division collects data for drawbridges.  This data is then sent to Traffic 
Surveys, where the information is keyed into a spreadsheet.  The spreadsheet is then placed in a 
conventional filing cabinet system at Traffic Surveys.  Traffic Surveys is responsible for 
maintaining and/or updating the files.  This information is not placed in any type of formal report 
but is on record for reference. The following data inputs are recorded into the spreadsheet: 
 
• Date 
• Time Period 
• NC Passenger Autos - Integer 
• Out-of-State Passenger Autos - Integer 

• TTST’s – Integer  
• Buses – Integer 
• Other Trucks – Integer 

 
3.6.8 Ferry Division 
 
The Ferry Division collects data for ferries.  This data is then sent to Traffic Surveys, who keys 
the information into a spreadsheet.  The spreadsheet is then placed in a conventional filing 
cabinet system at Traffic Surveys.  Traffic Surveys is responsible for maintaining and/or 
updating the files.  This information is not placed in any type of formal report but is on record for 
reference.  The following data inputs are recorded into the spreadsheet: 
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• NC Autos – Integer 
• NC Autos Pulling Trailers – Integer 
• Out-of-State Autos – Integer 
• Out-of-State Autos Pulling Trailers – 

Integer 
• Two-Axle Trucks w/o Trailers – Integer 

• Two-Axle Trucks w/ Trailers – Integer 
• TTST’s – Integer 
• Busses – Integer 
• Passengers and Walkers – Integer

 

3.7 RELATIONAL CONVERSION OF DATA STRUCTURES 
 
The following section presents a relational schema for the data managed by the Traffic Surveys, 
Forecasting, and Planning Unit.  Not all of the data items represented in the previous section are 
included here.  Traffic Surveys will process a large portion of raw data internally and provide 
summarized results in the database.  Refer to section 1.6 for an explanation of the format used in 
the table structure. 
 
Continuous Count Program (ATR): 
 

Continuous Count Station (Station Number, Record ID, LRS Route ID, 
Milepost, Posted Route, Route Type, County Name, Functional Classification 
Code, HPMS Sample Number, HPMS Subdivision Number, Year Established, 
Year Discontinued, Map Link) 
 
Sensor Configuration (Station Number, Sensor Number, Direction, Lane 
Designation) 
 
Filtered Data (Station Number, Lane Designation, Direction, Date, and Traffic 
Volume Count for Hours 1-24) 
 
Note: Hourly Intervals are for 24-Hr Time Period (E.G. 12:00 AM – 1:00 AM, 
etc). 
 
Published Data (Station Number, Year, Month, ADT, Average Weekday Traffic, 
Average Saturday Traffic, Average Sunday Traffic, Monthly Average Traffic, 
Number of Days of Data, Monthly Total Traffic, Conversion Factor To Adjust 
Each Weekday To The Average Weekday (Mon.-Fri.), Short Term To 24-Hr 
Factor (Early), Short Term To 24-Hr Factor (All-Day), Short Term To 24-Hr 
Factor (Late)) 
 

Coverage Count Program (PTC): 
 

Coverage Count Station (Station Number, LRS Route ID, Milepost, Posted 
Route, Route Type, County Name, Current ATR Group, Current Axle Group 
Factor, Count Cycle, Road Surface, Year Established, Year Discontinued) 
 
Published Data (Station Number, 19xx AADT, 1997 AADT, 1996 AADT, 1995 
AADT, 1994 AADT, 1993 AADT, 1992 AADT) 
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Vehicle Classification Program: 
 

Classification Station (Station Number, LRS Route ID, Milepost, Posted Route, 
Route Type, County Name) 
 
Classification/Count (Station Number, Date, Hourly Time Interval (e.g. 2:00 PM 
to 3:00 PM), Lane Designation, Direction, Cycles, Cars, Pick-Up Trucks, Buses, 
2-Axle 6-Wheel Count, 3-Axle Truck Count, 4 & 5 Axle Trucks, 3 & 4 Axle 
TTST’s, 5-Axle TTST’s, 6 & 7 Axle TTST’s, 5-Axle Twins, 6-Axle Twins, 7-
Axle Twins, Other, Total) 
 
Published Data (Station Number, Year, Cycles, Cars, Cycles, Pick-Up Trucks, 
Buses, 2-Axle 6-Wheel Count, 3-Axle Truck Count, 4 & 5 Axle Trucks, 3 & 4 
Axle TTST’s, 5-Axle TTST’s, 6 & 7 Axle TTST’s, 5-Axle Twins, 6-Axle Twins, 
7-Axle Twins, Other, AADT) 
 
Vehicle Percentages by Functional Class (Years, Rural Function, Urban 
Function, Cars, Cycles, Pick-Up Trucks, Buses, 2-Axle 6-Wheel Count, 3-Axle 
Truck Count, 4 & 5 Axle Trucks, 3 & 4 Axle TTST’s, 5-Axle TTST’s, 6 & 7 
Axle TTST’s, 5-Axle Twins, 6-Axle Twins, 7-Axle Twins) 

 
Weigh-In-Motion Program 
 

Site Inventory Table – To be determined at a later date by Traffic Surveys 
Published Results Table – To be determined later by Traffic Surveys 

 
Intersection Study (Turning Movement): 
 

Turning Movement Station (Station Number, Intersection ID, County Name, 
Town or City, Area Type, Approach LRS Route ID, Posted Approach Route, 
Approach Route Type, Approach Functional Classification, Approach Facility 
Type, Secondary Approach LRS Route ID, Posted Secondary Approach Route, 
Secondary Approach Route Type, Secondary Approach Functional Classification, 
Secondary Approach Facility Type) 
 
Turning Movement Projected Counts (Station Number, Dates (AM, PM), Total 
Projected Intersection Entering Volume, Total Approach Projected Volume, Total 
Secondary Approach Projected Volume 
 
Turning Movement Counts (Station Number, Dates (AM, PM), Intersection AM 
Peak Count, Intersection AM Peak Hour, Intersection PM Peak Count, 
Intersection PM Peak Hour, Intersection Peak Hour Factor, Approach AM Peak 
Count, Approach AM Peak Hour, Approach PM Peak Count, Approach PM Peak 
Hour, Approach Peak Hour Directional Split, Approach Peak Hour Factor, 
Secondary Approach AM Peak Count, Secondary Approach AM Peak Hour, 
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Secondary Approach PM Peak Count, Secondary Approach PM Peak Hour, 
Secondary Approach Peak Hour Directional Split, Secondary Approach Peak 
Hour Factor) 
 
Turning Movement Percentages (Station Number, Dates (AM, PM), 
Intersection Peak Hour Percentage, Approach Peak Hour Percentage, Approach 
Dual Truck Percentages, Approach TTST Truck Percentage, Approach Twin 
Truck Percentage, Secondary Approach Peak Hour Percentage, Secondary 
Approach Dual Truck Percentages, Secondary Approach TTST Truck Percentage, 
Secondary Approach Twin Truck Percentage) 
 
Consultant Summary (Station Number, County Name, Consultant Station 
Number, Consultant, Approach Name, Secondary Approach Name, Approach 
LRS ID, Secondary Approach LRS ID, Count Date, Log Date) 
 
(Note: “Year” is included in station number) 

 
Origin and Destination Study: 
 

Origin and Destination Station (Station Number, LRS Route ID, Milepost, 
County Name) 
 
Trip Zone Counts (Station Number, Date, Vehicle Type, Occupancy, Trip 
Purpose, Garage Location, Direction, Zone of Origin, Zone of Destination) 
 
Published Results (Station Number, Year, Hourly Interval, Total from Each 
Zone, Total to Each Zone) 
 

As reported in section 3.6.6, Origin and Destination Studies do not have a predetermined set of 
data items or format for data collection and reporting.  That is, each study is slightly different 
from the previous study and there is no defined set of data that is collected and published 
following each study.  Therefore, it may be necessary to create a new set of tables following each 
study in the form of the tables defined above. 
 
Drawbridges: 
 

Drawbridge Station (Drawbridge Name, LRS Route ID, From Measure, To 
Measure) 
 
Drawbridge Openings (Drawbridge Name, Year, Month, Number of Openings) 
 
Drawbridge Counts (Drawbridge Name, Year, Month, NC Passenger Autos, 
Out-of-State Autos, TTST’s, Buses, Single Unit Trucks) 
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Ferries: 
 

Ferry Route (Ferry Name, LRS Route ID, From Milepost, To Mile Post) 
 
Ferry Counts (Ferry Name, Year, Month, NC Autos, NC Autos W/ Trailers, Out-
of-State Autos, Out-of-State Autos W/ Trailers, Two-Axle Trucks W/O Trailers, 
Two-Axle Trucks W/ Trailers, TTST’s, Buses, Passengers, Walkers) 
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4.0 GEOGRAPHIC INFORMATION SYSTEMS 
 

4.1 BACKGROUND 
 
The GIS Unit is responsible for the development and maintenance of GIS graphic files, as well 
as several mainframe files.  The GIS Road Inventory Section is responsible for managing the 
Universe File, a segmented database for the approximately 78,000 miles of state-maintained 
roads, and the Feature File, which contains road intersection and landmark features.  These two 
files were developed to completely describe the road network.  For example, a segmented link in 
the Universe File may contain several intersections that must be recognized as features, e.g. for 
turning movement studies or accident reports. 
 
As mentioned previously, the Universe File is a data file that contains information related to 
roadway characteristics.  The Universe File contains approximately 4900 sections that are 
maintained as the Federal Highway Administration’s (FHWA)/Highway Performance 
Monitoring System’s (HPMS) sample data. 
 
In addition to the Universe File is the Supplementary File that has similar attributes and can be 
considered an extension of the Universe File for approximately 4900 HPMS sample sections.  
These characteristics are currently referenced according to segments described in milepost and 
section length measurements.  This file has been combined with GIS graphics to allow elemental 
display and analysis of different types of transportation data.  The Feature File is a 
complimentary data file, which contains information related to point features located along the 
routes stored in the Universe File.  The data stored in both these files is made available by the 
GIS Unit to other units for their own analysis purposes. 
 
The source of spatial graphics has been USGS quadrangle maps digitized with DLG tools at 
1:24,000 scale.  Roads for all 100 counties in the state have been completed and are being used 
as the GIS road base.  In addition, the unit contributes to the State Corporate Spatial Data Set, 
consisting of approximately 70 coverages on a statewide basis.  This data set is maintained by 
the Center for Geographic Information and Analysis (CGIA).  The CGIA acts as a 
clearinghouse for the data provided by many contributors from an assortment of organizations.  
Examples of the data themes contained in the State Corporate Spatial Data Set include 
transportation, demographic, environmental, etc. 
 
4.1.1 Changes/Additions to the State Highway System 
 
GIS is responsible for making changes to CAD maps of the State Highway System.  The GIS 
Unit adds roads to the State Highway System by predominately 2 methods.   
 

1) The completion of construction projects that are approved by the Board of 
Transportation. 

 
These projects may involve constructing completely new roadways or realigning existing 
roadways.  These projects can either involve the construction or modification of primary routes 
(Interstates, US, NC routes) as well as roads to be added to the Secondary Road System. 
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2) The approval of Secondary Road Petitions by the Board of Transportation. 
 
If a road is to be added to the Secondary Road System, a petition must be presented to the State 
Board of Transportation.  The road must meet several requirements including width, surface 
condition, etc.  If the road meets the state’s requirements, then residents must sign the petition, 
which asks the state to inherit responsibility for maintenance of the road or part of the road, and 
grants the State right-of-way.  The petition must include a detailed survey plat, a general location 
map, a cover sheet, and information such as length, width, surface type, traffic counts, number of 
homes, street name, subdivision name, and the signatures of the DOT Division and District 
Engineers.  Once all of the requirements have been met, the petition is given to the Board of 
Transportation for review. 
 
4.1.2 GIS Maps 
 
The Mapping Section of the GIS Unit uses a series of 1:24000 scale USGS quadrangle maps to 
establish the basic road network in digital format.  In the past, maps were maintained in a paper 
format.  Today, all maps are constructed using Bentley’s Microstation CAD software.  The maps 
are available for all 100 counties in North Carolina.  These maps contain all state-maintained 
roads as well as roads not maintained by the state, including bike paths and trails. 
 
When a Secondary Road Petition is approved by the Board of Transportation, it is forwarded to 
the GIS Unit for map translation.  At the GIS Unit, CADD technicians in the Mapping Section 
add digital line work to the appropriate county map design files.  The petition’s survey plat and 
digital aerial photography are used to properly locate the road.  The Road Inventory Section then 
takes all of the detailed information about the road and records it in the Universe File.  In 
addition, the road is given an official State Road Number. 
 
The GIS unit is currently using a GIS software package known as ARC/INFO.  The Mapping 
Section will play a key role in converting the county maps with the route system to ARC/INFO.  
This task will not be difficult for graphical elements such as lines and colors because drawing 
files created in Microstation are compatible with ARC/INFO.  However, attribute data associated 
with the maps must be reassigned into ARC/INFO and spatial data and spatial relationships must 
be added.  This process is described in greater detail in Chapter 7. 
 
4.1.3 Linking Attributes 
 
The Pavement Management Unit (PMU) of NCDOT maintains up-to-date route-milepost data 
for all physical road segments and intersections in the State Highway System.  One possible 
approach to linking attributes from the Universe and Feature file to the database portion of 
ARC/INFO is through the use of PMU Link-Arc ID numbers.  Link-Arc ID numbers correspond 
to a digital road segment, which are tied to a specific LRS route.  This Link-Arc ID system is 
based on the road system as found in the Universe File. 
 
The basic structure of each link is a begin node, an end node, and an offset distance where 
pavement conditions change.  Road segments generally extend between physical features such as 
intersections, bridges, and railroads, or between logical dividers such as county lines.  In some 
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instances a “dummy” node may be used to divide links. Link-Arc ID numbers are assigned to 
each digital road segment.  A junction with the Universe File, based on these Link-ID numbers, 
enables one to determine all other road attributes (i.e. Feature File) for each arc/line segment. 
 
In theory, this may be a way to assist in automating the building of the GIS road network and 
linking it with existing data.  Presently, the Pavement Management Unit’s (PMU) mileposts and 
distance measures are considered to be among the most accurate at NCDOT.  However, the 
precise methodology for linking the PMU’s data to the LRS route system has not yet been 
determined.  It may be possible to use the PMU database to automatically generate a set of LRS 
routes by successively traversing all the links.  But the results of this approach could result in a 
highly irregular network.  Further study on this issue is absolutely necessary.  Additional 
commentary is provided in sections 6.3 and 7.2. 
 
4.1.4 Routes and Sections 
 
The GIS Unit ARC/INFO to develop GIS maps and routes.  These routes are created using 
attribute information associated with each road segment of the PMU’s route-milepost data.  In 
order to create these routes, two new line elements must be produced.  The first element created 
is called a section, which is a duplicate copy of the original arc.  The section contains beginning 
and ending milepost data and link numbers that relate to the original arc or a second element, the 
route. 
 
Each route element is represented by one line for every road ID number.  The PMU data also 
contains common route information.  This allows multiple routes to be created using the same 
arcs.  A section is created for every route that exists on the same arc.  At present, it is possible to 
have 6 sections for one arc on a NC road.  Beginning and ending nodes are used to direct the 
routes in the correct direction for traffic flow. 
 
4.1.5 Dynamic Segmentation 
 
The Universe File contains records of many roadway characteristics.  Specifically, these 
characteristics include geometric, functional, temporal and composite conditions of the road.  
Offset distances (usually in miles) are used to indicate the beginning and end of a particular 
characteristic.  Dynamic segmentation is an abstract representation of linear features and their 
associated characteristics, which associates multiple sets of attributes to any portion of a linear 
feature.  GIS software, such as ARC/INFO can be used to create/incorporate attributes that rely 
on the established milepost and route information tied to the linear feature. 
 
Dynamic segmentation is sometimes referred to as “on-the-fly” network overlay of graphic 
elements and data attributes.  Network overlay of features involves being able to integrate 
multiple sets of data on the same network, or geometric space.  A typical approach to developing 
a dynamically segmented network is to apply some type of linear measurement to the network 
with a prescribed method for geo-referencing any point in the network.  This permits the display 
and analysis of non-graphic elements without physically segmenting the network itself. 
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Queries to a GIS database in a LRS based upon dynamic segmentation algorithms will perform 
much the same as in “standard” GIS, except that results can also be displayed graphically in a 
dynamic manner.  For example, if the user queries the database to determine the linear 
intersection of posted speed limits equal to 55 mph and pavement conditions that are “poor,” the 
LRS will perform the database “overlay” and produce data with measurement criteria that meet 
the specified conditions. 
 
Dynamic segmentation can be used to overlay multiple attributes found in the Universe File onto 
the same geometric space.  The Mapping Section is primarily responsible for performing 
dynamic segmentation operations. 
 
4.1.6 Highway Performance Monitoring System (HPMS) 
 
The Highway Performance Monitoring System (HPMS) is a continuous data collection effort 
that was developed and implemented in a joint effort between the States and the FHWA.  Today, 
the HPMS has grown to contain over 110,000 sample section segments nationally and is the most 
complete data system used to evaluate the physical condition and usage of the country’s 
transportation infrastructure. 
 
There are over 4900 sample sections in the North Carolina portion of the system.  The Federal 
government uses the HPMS database as a primary source of information about the Nation’s 
highways.  It serves as both a national and statewide information clearinghouse that incorporates 
all of the nations public roads.  It also acts as an analytical simulation system that can be used in 
a variety of situations.  The HPMS also contains detailed sample data for rural, small urban, and 
urbanized areas within each state at established levels of precision. 
 
The State Highway Agencies, local governments, and metropolitan planning organizations all 
work together to collect and submit the required information contained in the HPMS system.  
The FHWA is responsible for identifying the data to be collected, establishing the most efficient 
data collection methods, developing proper analytical procedures, and analyzing the data.  All of 
these activities help to facilitate better highway planning, policymaking, and decision making at 
the Federal level.  The HPMS has always been an important part of policy planning, but in the 
last 20 years, the FHWA has relied more on the HPMS in making program administration 
decisions. 
 
Two recent Federal acts led to enhancements of HPMS data reporting in 1993.  These Federal 
acts, including the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) and the 
1990 Clean Air Act Amendments, established new requirements for the HPMS and expanded the 
transportation community’s data needs.  These requirements include, but are not limited to, the 
National Highway System (NHS), statewide and urban planning, and the travel estimates for 
National Ambient Air Quality Standards (NAAQS) non-attainment areas. 
 
In order to take full advantage of the enhanced HPMS database, improvements to analytical tools 
have been made.  In addition, HPMS/GIS capabilities are being developed to fully utilize the 
enhanced database.  Hence, HPMS can serve as an effective element of program activities for 
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states, metropolitan planning organizations (MPO’s), and the EPA.  It has served as an essential 
element in the FHWA’s program evaluation process for a number of years. 
 
The HPMS database is unique in that it directly relates many roadway characteristics, including 
physical geometry, operational data, usage (travel), pavement conditions, and performance data.  
This data can be analyzed and summarized at the local, statewide, regional, and national level 
with respect to a specific highway system.  A new GIS capability should greatly enhance the 
user’s ability to both display and analyze HPMS data.  HPMS analytical models have been 
modified so that individual State transportation agencies can take advantage of the data to help 
evaluate the condition and performance of their own highway system. 
 
4.2 MAJOR APPLICATIONS 
 
The major applications performed by the GIS unit include the following: 
 

1) Maintenance of Universe, Supplementary, and Feature Files. 
2) Production of the annual HPMS report. 
3) Generation of Maps on Microstation. 

 
These applications depend on the data that is enumerated and converted into relational tables in 
successive sections. 
 
4.3 DATA – CONCEPTUAL DESCRIPTION 
 
In this section, data from the Universe File, Supplementary File and the Feature File are listed 
and described in a conceptual manner.  That is, all data items are not explicitly enumerated and 
described, rather the data types are characterized.  Data required for each application may be 
classified into several types of categories, including: 
 

• Identification 
• Classification 
• Spatial 
• Design Criteria 
• Traffic Statistics 

 
The following is a conceptual presentation of the data produced by the GIS Unit.  The 
applications are listed along with a general description of the data types included in the data files: 
 

• Universe File: identification, location, geometric, classification, demographics, 
historical, traffic statistics. 

• Supplementary File: identification, location, geometric, classification, traffic 
statistics. 

• Feature File: identification, location, geometric, classification. 
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4.4 EXISTING DATABASES 
 
In this section, specific data items (attributes) are enumerated for each data file.  These data 
items originate from various sources within NCDOT.  The data files are intended to provide a 
comprehensive summary of information related to the roads and the point features found along 
the roads.  Definitions for each data item can be found in NCDOT Code Manuals I, II, and IV.  
Refer to these documents for a complete explanation of the data enumerated below: 
 
The Universe File contains the following data items in a data file format.  All of the data items 
are currently stored in a coded alphanumeric format.  See Code Manual I for a detailed 
description of the data item and coding format. 
 
• I.D. Number 
• County 
• Route 
• List Control 
• Mile Post 
• Section Length 
• Inventory Control 
• Terminal Description 
• State System 
• National Highway System 
• Functional System 
• Federal Domain 
• Division 
• Town 
• Population (Municipal) 
• Terrain 
• Sight Distance % 
• Weighted Design Speed 
• Urban Identification 
• Population (Urban Area) 
• Record Continuation Code 
• Right-of-Way Width 
• Access Control 
• Speed Limit 
• Year of Improvement 
• Type of Improvement 

• Number of Travel Lanes 
• Surface Width 
• Surface Type 
• Left Shoulder Width 
• Left Shoulder Type 
• Right Shoulder Width 
• Right Shoulder Type 
• Median Width 
• Median Type 
• Year Added to State System 
• Truck Percentage Code 
• Design Hour Speed 
• Truck Route Designation 
• Average Daily Traffic 
• P.T.C. Count Station 
• Year of Traffic 
• Sample Link Number 
• Interstate Milepost 
• Percent of Trucks Off-Peak 
• Traffic Growth Factor 
• Parking Left Side 
• Parking Right Side 
• Turning Lane(s) Width 
• Urban Location 
• HOV Lanes 
• Surveillance Systems

 
 
The Supplementary File contains the following data items in a data file format.  All of the data 
items are currently stored in a coded alphanumeric format.  See Code Manual II for a detailed 
description of the data items and coding format. 
 
• Identification Number • County Number 
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• Numbered System 
• Route Number 
• Milepost 
• Sample Link Number 
• Sample Link Number Subdivision 
• Section Length 
• Pavement Section 
• Structural Number 
• Peak Capacity 
• Directional Factor 
• Type of Signalization 
• Typical Peak Percent Green Time 
• Drainage Adequacy 
• Type of Development 
• Number of Grade Separated Interchanges 
• Number of at-Grade Intersections with 

Public Roads 
• Signals 
• Stop Signs 
• Other or No Controls 
• Left Shoulder Width 
• Widening Feasibility 

• Horizontal Alignment Adequacy 
• Vertical Alignment Adequacy 
• Concrete Joint Spacing 
• Load Transfer Devices 
• Type of Base 
• Overlay or Pavement Thickness 
• Type of Subgrade 
• Subsurface Drainage 
• Turning Lanes 
• Interstate Milepost 
• Curves by Class 
• Grades by Class 
• Future AADT 
• Future AADT Year 
• Percent Peak Single Unit Trucks 
• Percent Average Daily Single Unit Trucks 
• Percent Peak Combination Trucks 
• Percent Average Daily Combination 

Trucks 
• Number of at-Grade Railroad Crossings 
• Curves by Class 
• Grades By Class 

 
The Feature File contains the following data items in a data file format.  All of the data items are 
currently stored in a coded alphanumeric format.  The data items are contained in several 
different record types, which are also enumerated below.  See Code Manual IV for a detailed 
description of the data items and coding format. 
 
County Record: 
• County Number 
• Identification Number 
• Record Type 
• Correction Type 

• Begin County 
• End County 
• County Name Abbreviation

 
Municipal Record: 
• County Number 
• Identification Number 
• Record Type 
• Correction Type 

• Begin Municipality 
• End Municipality 
• Municipal Code 
• Municipal Name

 
Route Type: 
• County Number 
• Identification Number 
• Record Type 

• Correction Type 
• Begin Route 
• End Route 
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• Route Type 
• Special Routes 
• Couplet Direction Code 

• Route Number (Primary, Secondary, 
Municipal) 

• Milepost
 
Coinciding Section Record: 
• County Number 
• Identification Number 
• Record Type 

• Correction Type 
• Coinciding Routes

 
Item Record: 
• County Number 
• Identification Number 
• Record Type 
• Correction Type 
• Item Identification 
• Special Routes 
• Couplet Direction 
• Item Type (Interstate Mile Marker, 

Primary Route, Secondary Route, 

Municipal Street, County Line, Municipal 
Line, State Line) 

• Distance to Next Item 
• Direction to Next Item 
• Intersection Type 
• Loop Condition 
• Area Descriptor

 
Special Item Record – Structure: 
• County Number 
• Identification Number 
• Record Type 
• Correction Type 
• Type of Structure 

• Bridge Number 
• Distance to Next Item 
• Is Structure Over/Under Inventoried Route 
• Route Number or Name of Item Crossed

 
Special Item Record – Railroad Grade Crossing: 
• County Number 
• Identification Number 
• Record Type 
• Correction Type 

• Type of Structure 
• Railroad Crossing ID Number 
• Distance to Next Item 
• Railroad Company Code

 
4.5 RELATIONAL CONVERSION OF DATA STRUCTURES 
 
The following section presents a relational schema for the data managed by the GIS Unit.  The 
data from the various files (Universe, Supplementary, and Feature) may not necessarily be 
represented wholly because of redundancies or because a data item is no longer needed.  Refer to 
section 1.6 for an explanation of the format used in the table structure. 
 

Classification (LRS Route ID, From Measure, To Measure, State System, 
National Highway System, Functional Classification System, Federal Domain, 
Posted Route, Truck Route Designation, Sample Link Number) 
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Region (LRS Route ID, From Measure, To Measure, Highway Division, Town, 
Municipal Population, Terrain, Urban Identification, Urban Population, Area 
Type, Urban Location, Type of Development) 
 
Roadway Characteristics (LRS Route ID, From Measure, To Measure, Number 
of Lanes, Surface Width, Surface Type, Median Width, Median Type, Median 
Shoulder Width, Shoulder Width (Left), Shoulder Type (Left), Shoulder Width 
(Right), Shoulder Type (Right), Turning Lane Width, Parking Left Side, Parking 
Right Side, Right of Way Width, Drainage Adequacy, Widening Feasibility) 
 
Roadway Composition (LRS Route ID, From Measure, To Measure, Pavement 
Section, Structural Number, Overlay or Pavement Thickness, Joint Spacing, Load 
Transfer Devices, Type of Base, Type of Subgrade, Subsurface Drainage, Type of 
Improvement, Year of Improvement) 
 
Traffic Statistics (LRS Route ID, From Measure, To Measure, Average Daily 
Traffic, PTC Station, Year of Traffic, Truck Percentage Code, Percentage Peak 
Single Unit Trucks, Percentage Average Daily Single Unit Trucks, Percentage 
Peak Combination Trucks, Percentage Average Daily Combination Trucks, 
Percent of Trucks Off-Peak, Future AADT, Future AADT Year, Peak Capacity, 
Directional Factor, Typical Peak Percentage, Type of Signalization, Percent 
Green Time, Traffic Growth Factor, Design Hour Volume, Speed Limit, 
Weighted Design Speed, Percent Sight Distance) 
 
Roadway Access (LRS Route ID, From Measure, To Measure, Access Control, 
Number of Grade Separated Interchanges, Number of At-Grade Intersections 
(Signal Intersections, Stop Signs, Other or No Controls), Number of At-Grade 
Railroad Crossings) 
 
Alignment (LRS Route ID, From Measure, To Measure, Curves By Class, 
Grades By Class, Horizontal Alignment Adequacy, Vertical Alignment 
Adequacy) 
 
County (LRS Route ID, From Measure, To Measure, County Name, Record 
Type, Correction Type) 
 
Municipal (LRS Route ID, From Measure, To Measure, Record Type, Correction 
Type, Municipal Name) 
 
Route (LRS Route ID, From Measure, To Measure, Record Type, Correction 
Type, Route Type, Special Routes, Couplet Direction, Route Class (Primary, 
Secondary, Municipal)) 
 
Coinciding Record Section (LRS Route ID, From Measure, To Measure, Record 
Type, Correction Type, Coinciding Routes) 
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Item (Item ID Number, LRS Route ID, Milepost, Record Type, Correction Type, 
Item Type, Distance to Next Item, Direction to Next Item, Intersection Type, 
Loop Condition, Area Descriptor) 
 
Structure (Structure ID Number, LRS Route ID, Milepost, Record Type, 
Correction Type, Bridge Number, Distance to Next Structure, Is Structure 
Over/Under Inventoried Route) 
 
Railroad Grade Crossing (Railroad Crossing ID Number, LRS Route ID, 
Milepost, Record Type, Correction Type, Type of Structure (always RRD), 
Distance to Next Item, Railroad Company) 
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5.0 TRAFFIC ENGINEERING 
 
5.1 BACKGROUND 
 
This section focuses on several organizations devoted to reducing the number of vehicle 
accidents on North Carolina’s highways.  The Traffic Safety Systems Management Unit 
(TSSMU) of the Traffic Engineering Branch is responsible for planning, designing, developing, 
implementing, and evaluating appropriate engineering response strategies that deal with traffic 
safety concerns throughout the state.  TSSMU provides its information, expertise, and 
recommendations to other units within NCDOT as well as the FHWA, municipalities, and 
citizens of the State.  TSSMU is also the primary stakeholder from the Traffic Engineering 
Branch that is involved in the NCDOT Unified Database. 
 
The TSSMU dates back to the Accident Identification and Surveillance Unit, which was formed 
in 1966 in response to the Highway Safety Act.  Today the Unit has evolved to its present state 
and is divided into two sections: The Highway Section and the Railroad-Highway Grade 
Crossing Section.  These two sections are further subdivided into four functional areas: Highway 
Safety Management, Highway Safety Planning and Analysis, Highway Safety Improvement 
Program, and Railroad-Highway Grade Crossing Safety. 
 
The Division of Motor Vehicles (DMV), Traffic Records Section is the chief custodian of the 
Crash Reporting System and monitors data capture from crash reports completed throughout the 
state by various law enforcement agencies.  Any time there is an accident where damage is 
estimated to be in excess of $1000, or involves personal injury, a report must be filled out by an 
investigating officer.  The report is completed on a DMV-349 form.  The information included in 
this form identifies the characteristics of the crash, the people, and the vehicles involved, as well 
as a diagram of the scene and an accompanying narrative of the crash events. 
 
The North Carolina Safety Management System (SMS) is another organization committed to 
“reducing the number and severity of traffic crashes on all public roads within the State of North 
Carolina.”  Its primary function is to “develop, establish, and implement, on a continuing basis, a 
coordinated and comprehensive, systematic process to ensure that highway safety issues and 
improvement opportunities are identified, evaluated, and implemented where appropriate.”  The 
formation of the SMS is a direct response to the requirements of the 1991 Intermodal Surface 
Transportation Act (ISTEA). 
 
As the number of vehicles traveling North Carolina’s roads increases so does the opportunity for 
accidents.  The State would like to insure the mobility and safe operation of vehicles on the 
State’s highways.  The TSSMU is focused on reducing the potential number and severity of 
accidents on the State’s vast transportation network. 
 
5.2 MAJOR APPLICATIONS 
 
The following sub-sections describe the major programs or applications that are managed under 
the auspices of the TSSMU.  Each major program can be broken down into a specific set of 
functions that are carried out by unit personnel.  The majority of these functions involve the 
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collection and analysis of data.  This data is important in that it helps the TSSMU identify areas 
of concern and allows them to make informed decisions regarding the implementation of safety 
improvement programs. 
 
5.2.1 Highway Safety Management 
 
This area of TSSMU is concerned with two major functions: “(1) Safety Policy and Procedures 
and (2) Safety Systems Control, Research, and Development.”  The group works to achieve these 
functions by investigating and evaluating new and emerging technologies that might improve 
public safety.  The group is involved with the development and maintenance of the Highway 
Information Management System (HSIMS).   
 
The HSIMS is a program that aims to place pen-based, laptop computers with Global Positioning 
System Devices (GPS) in State Highway Patrol (SHP) and Wake County EMS vehicles to help 
improve the efficiency and accuracy of on-site data collection procedures. Global positioning 
devices will allow SHP and EMS personnel to locate accidents using an accurate x-y coordinate 
system as opposed to less precise address and description location methods.  By implementing 
this technology, more accurate location information can be obtained.  This will help to solve one 
of the TSSMU’s biggest database inconsistencies, which is the misrepresentation of accident 
locations.  In an actual emergency, EMS personnel could also use GPS for navigation. 
 
The TSSMU is also involved with the Safety Management System (SMS), a program that seeks 
to reduce the number and severity of traffic crashes by ensuring that all potential methods of 
improving highway safety are evaluated.   
 
5.2.2 Highway Safety Planning and Analysis 
 
The Highway Safety Planning and Analysis Section is responsible for the following: 

 
(1) identifying safety needs and analyzing potential enhancements; 
 
(2) providing safety information and analysis to the Program Development 

Branch for feasibility studies, the Statewide Planning Branch for 
thoroughfare plan studies, the Planning and Environmental Branch for 
planning and environmental studies, the Highway Design Branch for 
highway design reports, and the Bicycle and Pedestrian Program for bicycle 
and pedestrian safety reports; 

 
(3) monitoring all projects, highway systems, and special systems; and 
 
(4) identifying the safety needs of special user groups such as older drivers, 

pedestrians, bicyclists, motorcyclists, commercial motor carriers, and 
hazardous material carriers, in the planning, design, construction, and 
operation of highway systems. 
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The TSSMU will perform highway safety analyses at the request of concerned citizens, 
engineers, lawyers, or other decision-makers.  Crash data is studied to determine a crash history 
for a particular location and to develop safety standards.  The analysis is performed using data 
retrieved from the NCDOT’s Crash Database (maintained by DMV).  Data is recorded for a 
particular location such as a strip of roadway or an intersection.  Crash data is sometimes 
converted into collision diagrams to give a visual representation of crash occurrences for a 
particular area.  By producing such visual renderings, engineers can recognize crash patterns, and 
gain insight into how accidents occur, which may help determine the cause of crashes and lead to 
solutions to the problems contributing to the accidents.   
 
5.2.3 Highway Safety Improvement Program 
 
The Highway Safety Improvement Program Section is concerned with identifying potentially 
hazardous highway locations throughout the State’s highway system.  The program examines 
crashes at several location types, including intersections, interchanges, and bridges.  It also 
examines different kinds of crash situations, including pedestrians, wet pavement conditions, and 
night-time crashes.  The Program’s major responsibilities include:  
 

(1) “developing warranting criteria to identify hazardous locations; 
 
(2) analyzing potentially hazardous locations; 
 
(3) coordinating efforts with field personnel in establishing countermeasures and 

setting priorities; 
 
(4) monitoring and evaluating selected countermeasures; and 
 
(5) evaluating the overall program.”   

 
There are two major groups within the Section, including The Hazardous Location Analysis 
Group and The Hazardous Features Analysis Group. 
 
5.2.4 Railroad Safety Management 
 
The primary function of the Railroad-Highway Grade Crossing Safety Section is to identify and 
investigate potentially hazardous railway-highway grade crossings from among the 5,000 public 
at-grade crossings within the State.  Some of the most important activities performed by the 
Section are: 
 

(1) authorizing and inspecting installation of active warning devices; 
 

(2) collection and maintenance of grade crossing data and response to external 
requests; 

 
(3) monitoring and coordinating railroad construction; and 
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(4) performing final inspections of railroad installation. 
 
5.2.5 Special Projects 
 
The TSSMU is in charge of several special projects that are dedicated to various highway 
concerns in North Carolina.  Some of the major projects include: 
 
• Routine Crash Analyses 
• Across Median Study 
• Cable Guardrail Study 
• Crash Reconstruction 

Investigations/Forensic Engineering 
• 800 MHz Statewide Interagency Public 

Safety Radio Communications (SWIPS) 
Project 

• Crash Analysis Using GIS 
• Highway Safety Improvement Program 
• Crash vs. Index Crime Study 
• Highway Safety Information Management 

System (HSIMS) 
• Safety Management System (SMS) 

 
Each of these special projects has specific data needs; the most important of which will be 
covered in section 5.3 that follows.  The primary objective throughout section 5.3 is to link the 
data with the proposed LRS detailed in section 2.0. 
 
5.3 DATA ISSUES AND OBSTACLES 
 
The DMV’s Crash Reporting System dates back to the early 1970’s.  At that time the system was 
considered state-of-the-art and was the envy of many other states lacking an electronic reporting 
system.  However, at the present time, the system does not provide the flexibility to adapt to the 
changing needs of the State and has become technically obsolete. 
 
While the DMV is the major custodian of the Crash Reporting Data, it is not the primary user of 
the data contained within the system.  Its primary use is to adjudicate drivers and vehicle owners 
involved in accidents that do not possess insurance.  The primary users of the data, hereafter 
known as the stakeholders, include the Division of Highway’s (DOH) Traffic Engineering 
Branch and TSSMU, UNC’s Highway Safety Research Center, the Governor’s Highway Safety 
Program, as well as others in law enforcement and the insurance industry.  Each of these 
stakeholders is committed to improving the safety of the roads in the State, and the 
implementation of a new data reporting system should help them to achieve this goal. 
 
The SMS maintains a link to the Crash Reporting System that is maintained by the DMV.  In 
1992, the Governor’s Highway Safety Program (GHSP) commissioned a study entitled the State 
of North Carolina Comprehensive Review of Motor Vehicle and Injury Records Systems.  This 
study concluded that the “accuracy and availability” of information from the Crash Reporting 
System is not adequate to support the needs of State agencies with respect to long range planning 
and Traffic Engineering safety programs.  The Crash Reporting System does not allow for 
effective analysis of crash patterns and the evaluation of engineering countermeasures through 
the study of crash data by location.  This is caused by several deficiencies in the system 
including missing or inaccurate data, multiple databases maintained with outdated technology, 
and non-user-friendly database interfaces.  The Crash Reporting System is the only source of 
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crash data and there is no practical means to update the System to meet the current needs of both 
the data providers and the data users. 
 
There is a plan to replace the current Crash Reporting System.  The Strategic Plan for 
Improvement of North Carolina’s Traffic Records is designed to provide a step-by-step plan for 
increasing the usefulness of the State’s traffic crash records.  The plan presents a shared vision of 
crash information as a statewide resource of great value to many agencies and a preventive 
measure for future crash losses. 
 
5.3.1 Crash Reporting – Current and Envisioned System 
 
Currently, the front end of the Crash Reporting System is a manual process whereby all crash 
related data is filed into the DMV system through the use of the DMV-349 form.  This is 
necessary because there is no current means for electronic submission of the crash data.  Local 
law enforcement and the State Highway Patrol (SHP) are those responsible for completing the 
forms.  Because of the approximately 220,000 reported crashes each year, the DMV Traffic 
Records Section maintains a large staff to manually process the many reports.  Each report must 
undergo a review for completeness and correctness.  
 
The current data system resides on an IBM ES9000 computer at State Information Processing 
Services (SIPS).  The current application provides limited access to the crash data.  It is a VSAM 
file format that limits user access to technical specialists only.  In addition, the data storage 
limitations highly restrict the ability of users to query the kind of information that is required.  
Because of these limitations, monthly reports are generated that provide users with hard copies 
of the information they require for analysis.  The data contained in these reports is often found to 
be in error and corrections do not necessarily make their way back to the Crash Reporting 
System.  The process for making changes to the System and recreating extract files is both 
difficult and time-consuming.  Because of this, users often rely on extracted data that may have 
become out-of-date, which leads to different user groups relying on different versions of the 
same data. 
 
Once a month the Crash Reports file is merged with mileposting information and at the end of 
the year several standard reports are produced for the DMV including the Traffic Crash Facts 
book.  Once a month, the Traffic Engineering Unit is provided with a file copy of the crash data.  
This file copy is then merged with roadway characteristics and traffic volume data from the 
Division of Highways.  The resulting file is available for query, on a limited basis, using the 
statistical software package, SAS.  It should be noted that the DMV-349 data and SAS output are 
not the same because additional data files exist in the “Merge” database, and corrections may be 
required due to the length of time between the batch transfers from the DMV database.  This 
leads to problems in trying to keep the two systems (DMV-349 and Merge) synchronized. 
 
The DMV would like the new Crash Reporting System to be integrated with electronic 
submission devices so that there is a reduction in paperwork.  The DMV-349 forms could easily 
be translated into an electronic reporting format.  For this to occur, some form of mobile 
computing technology is required. 
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It is important to keep in mind the Crash Reporting System’s actual structure.  It needs to be 
designed so that the data is relational in nature.  That is, in order to facilitate the integration of 
the data with other data sets of interest, it must be structured in the form of a relational database.  
Past problems with the Crash Reporting System stem from the fact that it was developed only 
with the immediate users in mind.  By incorporating a relational design, the data may be useful 
to persons and agencies outside the bounds of the DMV and the TSSMU. 
 
5.3.2 Objectives and Scope of the New Crash Reporting System 
 
Each of the stakeholders of the new Crash Reporting System has its own needs, but the overall 
goal of each party is to improve the safety of the highways and reduce the number of traffic 
accidents.  Each of the Stakeholders is responsible for certain aspects of improving highway 
safety.  The role of each stakeholder is defined below. 
 

• The DMV is committed to improving the quality and timeliness of data 
reporting in support of research and analysis. 

• The SHP and local law enforcement agencies need to improve methods of data 
capture to result in more efficient uses of manpower. 

• The Governor’s Highway Safety Program’s role is to enhance awareness and 
education. 

• Traffic Engineering is responsible for identifying highway and rail safety 
improvements. 

• The UNC Highway Safety Research Center’s role is to identify improvements 
to vehicle safety and to highway ordinances. 

 
If the DMV is to achieve its goal, a number of specific objectives must be addressed.  These 
objectives include: 
 

• Deployment of software that permits the electronic capture and transfer of crash 
data. 

• Adoption of the proposed LRS for accurate crash location information. 
• Implementation of a relational database as an open data repository. 
• Multi-platform access to data and increased access to digitized crash reports. 

 
In support of these objectives are other goals, which the DMV hopes will improve the efficiency 
of data entry and processing.  The following are some of those goals: 
 

• Reduced data entry and paperwork. 
• Data validation at the crash site. 
• Reduced error processing. 
• Improved uninsured driver and vehicle owner adjudication. 
• Efficient utilization of staff. 
• Improved data quality by assisting law enforcement agencies with education 

and training. 
• Meeting federal requirements for data reporting. 
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• Integration with other DMV applications. 
 
It is hoped that by achieving these objectives the DMV and related agencies will be able to 
reduce manpower requirements while at the same time gathering more accurate and useful safety 
related data.  This will provide substantial cost savings to the Division and allow for more 
effective utilization of resources.   
 
There are a number of concerns that should be addressed before any attempt is made at resolving 
these issues.  The first concern is finding a data collection software system that suits the needs of 
the DMV, SHP, and local law enforcement agencies.  DMV would like to implement software 
that has business rules and data validation capabilities built into the system.  However, some law 
enforcement agencies have already begun implementing their own software solutions to meet 
their own specific needs.  The DMV fears losing control of the data because of this development.  
The DMV and the police agencies must reach an agreement as to how data will be collected 
electronically.   
 
The second concern is the deployment of the data repository.  The problem lies in the fact that 
some of the objectives are in conflict with one another.  For example, one objective is to 
integrate the Crash Reporting System with other DMV applications and data.  This would seem 
to require that the data repository reside on the mainframe because all of the other DMV 
applications are contained here.  However, in order to provide open access to the data using 
standard relational database tools, database gateway technology may be required.  Another 
alternative for open data access is to keep the data repository on the mainframe and merely 
replicate the data to other systems. 
 
5.3.3 Stakeholder Needs 
 
In addition to the needs of the DMV, there are general needs of each of the stakeholders in the 
Crash Reporting System.  Some of these needs may be beyond the scope of the System, but are 
still important considerations in the overall schema.  The needs can be divided into two 
categories, the needs of the data providers and the needs of the data users.  The needs of the data 
providers are as follows: 
 

• Better data collection tools in the form of new hardware and software. 
• Ease of use. 
• Increased reporting efficiency. 
• Reduced errors during data collection. 
• Flexibility to adapt to changing requirements. 
• Integration with local efforts. 
• Electronic data transfer. 

 
The needs of these stakeholders are very much in agreement with DMV’s objectives to 
implement new methods of data capture and transfer.  Any solution must be a compromise 
between the needs of the DMV and those of the law enforcement agencies. 
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The needs of the data users are also in agreement with the DMV objectives.  The needs of the 
data users include: 
 

• Open access to data using standard relational database tools and techniques. 
• Improved quality and timeliness of data. 
• Integration with LRS for crash location identification. 
• Integration with GIS tools. 
• Integration with the expanded data requirements of the Crash Reporting System. 

 
Users may be interested in data that is organized in different ways.  Some users may want access 
to specific crash reports while others may want summary statistics from the data.  Other users 
may want to integrate the crash data with roadway characteristics at the location of the accident.  
The System needs to be designed considering these needs. 
 
It is imperative that the System takes the newly proposed LRS into consideration.  The LRS will 
be linked to the crash data in the relational database via a LRS route ID and milepost.  This will 
allow GIS representation of the crash data. GIS is an important analytical tool that allows users 
to visually review crash locations and to identify specific characteristics and attributes for 
additional review and analysis.  Technology is also emerging that utilizes global positioning 
systems (GPS) for location purposes.  Any implementation of GPS capabilities needs to be in 
concert with the proposed LRS and the needs of the Crash Reporting System. 
 
It is the data users desire to have as much information as possible about an accident while the 
data providers seek to minimize data capture labor and inefficiency.  A coordinated effort among 
all of the stakeholders is required to help reduce the amount of effort needed to satisfy the needs 
of all data providers and users. 
 
5.3.4 Needs and Objectives beyond the DMV Scope 
 
The DMV is concerned with the needs of all the stakeholders.  However there are a number of 
issues over which they have little control.  These issues relate to the implementation of the LRS, 
the management of the roadway inventory, as well as the quality of the roadway inventory data.  
Despite the DMV’s lack of control over these issues, they have a strong interest in seeing them 
resolved.  No matter what method and degree of implementation is chosen for the proposed LRS, 
it will have a significant impact on the scope of the Crash Reporting System.  The LRS must be 
able to provide the location capabilities the Crash Reporting System requires. 
 
5.4 THE CRASH REPORTING SYSTEM 
 
Unlike in chapters 3 & 4, where a conceptual and detailed description of data was presented 
along with a relational conversion of that data, this chapter on TSSMU does not require the same 
treatment.  This is because the DMV currently maintains the Crash Reporting System and will 
continue to do so after the proposed LRS is implemented and the unified ORACLE database is 
constructed.  It is expected that the new structure of the Crash Reporting System will enable it to 
incorporate the proposed LRS system and be compatible with the unified database. 
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5.5 OTHER DATA SOURCES 
 
The TSSMU also works with two additional databases.  The Street Name Directory database is 
used to cross-reference an eight-digit street or road code to an actual street name.  In the unified 
database there will be no representation of streets.  Although the unified database will cross-
reference LRS route ID’s with posted routes assigned to roads, it will not contain street 
information initially.  The Street Name Directory is maintained by the TSSMU on the NCDOT 
mainframe. 
 
The Ordinance database contains attributes that are similar to the ones found in the Universe 
File.  However, unlike the Ordinance database, the Universe File is a segmented database, 
meaning that many different attributes are assigned to the same portion of a road segment.  This 
leads to inaccuracy because attributes can only be assigned representative measurements or 
conditions for a given portion of a road segment.  The Ordinance database is more accurate than 
the Universe File in that attributes are assigned according to actual measurements.  The 
Ordinance database is also maintained by the TSSMU on the NCDOT mainframe. 
 
The following example should help to clarify the difference between the two databases.  A given 
road may have a speed limit posted at 45 mph from milepost 120 to milepost 123 and 55 mph 
from milepost 123 to milepost 125.  The Ordinance database will list the speed limit as 45 mph 
from milepost 120 to milepost 123 and 55 mph from milepost 123 to milepost 125.  The 
Universe file is broken into a series of road segments.  In this example, it is assumed that a road 
segment exists for milepost 120 to milepost 125.  Therefore, the representative speed limit for 
the road segment extending from milepost 120 to milepost 125 is recorded as 45 mph. 
 
This simple example should help to demonstrate one advantage of the Ordinance database, which 
is improved accuracy.  However, one reason for the present structure of the Universe File is to 
make it easier to assemble yearly HPMS reports.  Altering the Universe File would make things 
harder for the Road Inventory Section of the GIS Unit in assembling these reports.  Another 
difference between the two databases is that the Ordinance database is updated monthly where as 
the Universe File is currently updated annually. 
 
It is recommended that the Universe File and the Ordinance database be integrated so that similar 
data may be represented in one location.  This will reduce redundancy and discrepancy between 
the two data sources.  The accuracy of the Ordinance database is preferred over the 
representative nature of the Universe File.  It will require substantial effort to achieve this 
integration; however, the result will be an accurate and more manageable data source. 
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6.0 PAVEMENT MANAGEMENT 
 
6.1 BACKGROUND 
 
North Carolina has invested a great deal of taxpayer money in the State Roadway System. A 
coordinated effort by NCDOT is necessary to maintain the quality of the roadways through 
continuous rehabilitation, construction, and maintenance activities.  The Pavement Management 
Unit (PMU) is a unit within the Division of Highways that is responsible for both the design and 
the maintenance of North Carolina’s roadway pavements.  Part of the PMU’s mission is to 
ensure that the State’s roadway pavements achieve a reasonable level of safety and performance 
at a reasonable cost.  Effective and timely pavement rehabilitation and maintenance is important 
for the highway system to safely and adequately meet increasing traffic demands.  PMU works 
closely with field personnel from all Divisions to help meet the public’s demands while keeping 
costs at a reasonable level and within the available budget set by the Programs and Policy 
Branch. 
 
6.2 MAJOR APPLICATIONS 
 
There are several major applications that are performed by the PMU.  These applications include 
pavement design, pavement analysis, data collection and training, and the pavement management 
system.  These applications are described in the following sections. 
 
6.2.1 Pavement Design 
 
The Pavement Design Group’s primary responsibility is to design pavement structures for any 
NCDOT Transportation Improvement Program (TIP) that involves the construction of a new 
roadway or the expansion of an existing roadway.  The group also does pavement designs for 
Division Design Construct Projects and Bicycle Facility Projects.  The group may also be asked 
by organizations outside of NCDOT, such as local municipalities, government agencies, and 
private developers, to review designs under consideration.  If these designs are approved, the 
roadways may be adopted by NCDOT for maintenance. 
 
AASHTO Interim Guide for Design of Pavement Structures, 1972 (Chapter III Revised, 1981) 
is the primary reference source and basis for all pavement designs prepared by the Pavement 
Design Group. This design manual is used for the design of both flexible and rigid pavement 
structures. 
 
There are two data items of prime importance to the Pavement Design Group.  These are the 
projected traffic loading levels and the strength of the soil lying beneath a proposed roadway 
alignment path.  Specific traffic related data needed in preparing pavement designs are the 
current and future Average Daily Traffic (ADT) values and truck percentages (Dual and 
TTST's).  The Traffic Surveys, Planning, and Forecasting Unit within the Statewide Planning 
Branch normally supply the required traffic information in the form of traffic diagrams.  If no 
traffic information is on record for a particular project, a site visit may be required to obtain the 
traffic information. 
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Information related to soil characteristics underlying a roadway, including subgrade properties 
and subgrade stabilization recommendations, is normally obtained from the Geotechnical Unit.  
Field testing using a Dynamic Cone Penetrometer (DCP) may be required on projects not 
warranting an extensive subsurface investigation and when no subsurface information is readily 
available to determine the California Bearing Ratio (CBR) of the soil. 
 
Most flexible pavement structures are designed for a 20-year design life.  However, sometimes 
pavements are designed for a shorter design life as in the case of temporary detour routes and 
crossovers.  On most TIP projects, several design alternates may be considered.  These differ on 
the basis of cost, material availability, pavement performance, and constructability.  These 
design alternatives most often differ in the type of pavement base used.  Once a month a 
Pavement Review Committee meeting is held to provide a forum so that other NCDOT Units and 
Divisions have an opportunity to voice concerns and comments related to the various pavement 
design alternatives. 
 
A rigid pavement design is considered along with the flexible alternatives when the traffic 
loading levels are particularly high and/or the project involves substantial construction of a main 
route (most often an interstate route).  The design-life used for concrete pavement is normally 30 
years.  A concrete pavement consists of a series of doweled concrete slabs, an underlying 
drainage layer, and edge drains. A recommendation for concrete pavement will usually only be 
made if the life-cycle cost comparison is competitive with other alternatives and will save future 
taxpayer money by minimizing maintenance costs.  A life cycle cost analysis is performed on all 
of the design alternates. Since rigid pavements are designed for a 30-year life, the flexible 
pavement alternatives life cycle cost analysis includes future rehabilitation strategies to increase 
their performance to 30 years. 
 
The Design Group is also responsible for making recommendations related to the edge drains 
found on both flexible and rigid pavements.  Edge drains are typically considered when the 
following combination is present: high traffic loading levels, presence of low permeability or 
impermeable soils and vertical sags with fairly flat profile grades (around 1%).  These edge drain 
recommendations may include outlet locations, provisions for implementing edge drain location 
stations, and detailed drawings for edge drain construction. 
 
6.2.2 Pavement Analysis 
 
The Pavement Analysis Group’s primary function is selecting treatment types for existing 
pavement rehabilitation.  The majority of the Pavement Analysis Group’s work is in support of 
Transportation Improvement Program (TIP) projects in which pavement rehabilitation is 
required. Rehabilitation may include overlays, milling, full depth repairs, partial depth patching, 
and reconstruction.  Several testing devices are used to help determine the most proper treatment 
method.  Testing devices include the Falling Weight Deflectometer (FWD), Dynamic Cone 
Penetrometer (DCP), coring, and sometimes Ground Penetrating RADAR (GPR).  
 
The FWD provides information about how the existing pavement and underlying earth react to a 
truckload.  Truckloads normally cause the greatest damage to pavements and are thus used to 



 57 

design pavements based on future load projections.  Test results often help locate weak areas 
along a roadway pavement.  These areas or weak layers are then singled out for improvement. 
FWD testing is used in conjunction with DCP's to determine whether jointed concrete pavements 
are located on subgrade with adequate strength to allow rubblization if the pavement condition 
warrants this option. 
 
Accurate and precise data on existing pavement thickness measurements are required to analyze 
FWD test data.  Pavement thickness dimensions are normally obtained by taking cores along the 
length of the roadway under consideration and measuring the thickness of the various layers. 
Another reason for taking cores is because of inaccurate historic records related to pavement 
thickness.  Inaccuracies arise from situations like resurfacing projects where the pavement 
thickness changes and the resurfacing activity is not reported back to data collection personnel. 
The GPR is another method used to determine pavement layer thickness without coring. 
 
Cores are also a useful way to detect problems in the asphalt mix itself. Cores are carefully 
examined to identify any evidence of stripping or other problems. The cores are taken to the 
materials and testing lab for testing if mix problems appear to be the cause of the roadway 
distress. 
 
Individual divisions or counties may request the Pavement Analysis Group to examine existing 
roads.  Some of these roads may be scheduled for resurfacing and need to be evaluated to 
determine whether resurfacing will actually meet the road’s serviceability needs over time.  The 
Pavement Analysis Group issues a report that includes several ideas for treating the road, 
including a ten-year design based on projected traffic. 
 
Pavement analyses are also performed upon request to eliminate a weight restriction on a 
roadway.  These requests are often made where very heavy trucks need access to the roadway as 
in the case of trucks transporting quarry loads.  The typical procedure is to take core samples to 
determine the existing thickness, evaluate the thickness in relation to the intended loads, and then 
to either approve or reject the requests based on the analysis. 
 
The analysis group has also performed many field investigations of pavement failures at the 
request of various divisions.  Typical failures include rutting, shoving, delamination of paving 
layers, base course failures, and drainage problems.  Depending on the cause of the problem, the 
Pavement Analysis Group will work in conjunction with the Construction Unit, or the Materials 
and Testing Unit to corroborate the cause of the failure and to insure that the same problem does 
not continue to occur. 
 
6.2.3 Data Collection and Training 
 
The Data Collection and Training group’s primary activity is collecting pavement data and 
providing divisions with assistance and training related to the latest maintenance techniques, 
materials and products. Data collection equipment currently includes: Ground Penetrating 
RADAR (GPR), Road Profiler (RP), two Skid Test Trailers (STT), three Falling Weight 
Deflectometers (FWD), two Core Drill Units (CDU), two British Pendulum Test Units (PTU), a 
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Video Inspection Unit for Drainage Systems (VIUDS), and several Dynamic Cone 
Penetrometers (DCP).  
 
Data collected by this equipment is currently being integrated into the Pavement Management 
System (PMS) to provide a better evaluation method of the condition of the state's road network. 
 
Training is mainly provided by four area Pavement Coordinators who provide assistance for 
construction and maintenance personnel.  The Pavement Coordinators train field personnel in the 
use of the PMS as well as locating and recording pavement distress information from field 
surveys to incorporate into the PMS. These coordinators also introduce new maintenance 
products, equipment, and techniques to the field offices. The coordinators work closely with field 
maintenance engineers in an effort to more accurately determine repair costs necessary to 
support funding requests from the legislature.  
 
6.2.4 Pavement Management System 
 
The Pavement Management System Group is responsible for implementing and maintaining a 
pavement management system for the State that meets the FHWA’s mandate for an operational 
pavement management system. 
 
This group’s primary function is to analyze information provided to it from a pavement condition 
survey conducted by the Data Collection and Training group.  A pavement condition survey is 
initiated when a pavement’s condition has become questionable.  Each pavement section 
receives a rating based on the type and level of damage and/or deterioration found.  Pavement 
sections are then measured against other sections and prioritized by damage level based on the 
ratings.  A treatment is recommended for each deficient section that will bring it up to an 
acceptable level.  The recommended treatment is only to be used as a guideline.  Sometimes an 
alternative treatment may be more suitable for a given pavement section because of variations in 
location, traffic volumes, and the distribution of distress in the sections.  
 
Each Division is provided with the results of a pavement condition survey in spreadsheet form.  
This data can then be used for any field applications.   
 
Past pavement performance is an important factor in assessing the remaining service life of each 
pavement section.  This pavement performance data is currently available on-line to anyone 
connected to the NCDOT wide area network or through modem communication.  Past 
performance is summarized along with predicted performance in an on-line format.  This 
information can be used to determine which of two projects with the same rating should be 
resurfaced first.  Suppose that there is only enough money budgeted to perform one resurfacing 
operation.  If two roadway sections have a rating of 65 but one is predicted to reach a rating of 
50 in two years and the other is predicted to reach 50 in four years, then the one with the most 
rapid deterioration should receive attention first. 
 
The PMS group is in the process of developing forms to be used in an on-line computer format 
that will make information requests easier.  Forms can be revised or added based on the needs of 
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those using the data.  It will be wise to develop the new NCDOT database with these forms and 
their proposed structure in mind.   
 
6.3 DATA ISSUES AND OBSTACLES 
 
The PMU unit has already developed a series of tables that are contained in their local ORACLE 
and PARADOX databases.  Linking these tables to the proposed database should not pose a 
significant problem.  Most of the PMU’s data is already referenced using a route milepost 
system.  The only major addition to the tables will be the unique LRS ID number and the LRS 
mileposts.  This is necessary because the orientation and reference starting point for the PMU 
mileposting is different from that of the base LRS.  This should be an easy addition to the 
database tables as they are currently structured and should add more clarification to the overall 
spatial topology, which is currently based on posted route and posted mileposts. 
 
There is an additional issue related to the implementation of the PMU’s tables.  The PMU has 
developed its own spatial topology.  Although the current database tables have been designed 
using the route-milepost system, the PMU would like to maintain its link-node system.  Nodes 
would be located at points in the network such as intersections, county lines, bridges, and certain 
culverts.  The PMU feels this system of spatial management would allow for easier data 
collection and management.  As a result of the PMU’s desire to utilize a link-node system in the 
future, consideration should be given toward developing a conversion program that will allow 
data contained in a route-milepost system to be interchangeable with data stored in the PMU 
link-node system.  Related discussion of this issue is in sections 4.1.3 and 7.2. 
 
6.4 DATA – CONCEPTUAL DESCRIPTION 
 
In this section, data from each PMU application are listed and described in a conceptual manner.  
That is, the all data items are not explicitly enumerated and described, rather the types of data 
types are characterized.  In this context, application may be defined as the data gathering and 
analysis activity within the unit.  Data required for each program may be classified into several 
types of categories, including: 
 

• Spatial Data 
• Geometric Data 
• Setup Data 
• Time Referencing Data 
• Pavement Characteristic Data 
• Pavement Condition Data 
• Pavement Performance Data 
• Historical Data 
• Related Analysis Data 

 
Each application requires data collection in the field.  This data may be collected manually in a 
paper format or it may be collected with electronic instruments that store data for later download. 
The data collected in the field is then used as input data for various design or analysis 
applications.  Output data is generated after certain analysis functions have been performed on 
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the data.  This analysis data is then used in the selection of pavement treatments or for the design 
of a completely new pavement. 
 
6.5 EXISTING DATABASES 
 
In this section, specific data items (attributes) are enumerated from each PMU data table.  These 
data items originate from various sources including pavement condition surveys, construction 
records, rehabilitation records, etc.  The data items are intended to provide a comprehensive 
summary of information related to pavement composition, geometry, and condition.  Definitions 
for each data item can be found in The Pavement Condition Survey Manual.  Refer to this 
document for a complete explanation of the data items enumerated below.  The data is presented 
according to the groupings that the PMU is currently using.  Each group represents one table 
currently used by the PMU.  Along with the data is a brief definition of the table’s intent and the 
current attributes shown in each table.  Each attribute is presented along with the input format 
used by PMU (e.g. Number, Character, etc.). 
 
The Pavement Chain table is a part of PMU’s proposed spatial topology.  This table defines the 
relationship between adjacent links in the route system.  The data items include: 
 
• County – Number 
• Route – Number 
• Link – Number 
• Beginning Milepost – Number 

• Previous Link – Number 
• Next Link – Number 
• Beginning Milepost Node – Number

 
The Pavement Links table is used to define the nodes that each link is associated with.  This 
table is also a table of spatial topology.  Its data items include: 
 
• Link – Number 
• Begin Node County – Not Null Number 
• Begin Node – Not Null Number 
• End Node County – Not Null Number 

• End Node – Not Null Number 
• Section Length – Not Null Number 
• Gap – Number (this attribute is used to 

identify a link that crosses a county line) 
 
The Pavement Locator table is used to identify any feature located at a node. As such, it is 
establishing the physical meaning of a node.  The data items include: 
 
• County – Not Null Number 
• Node – Not Null Number 

• Feature – Variable Character (a feature 
may include an intersection, county line, 
bridge, railroad crossing, or a culvert)

 
The Pavement Condition Survey table is used to store information that is collected during 
pavement condition surveys conducted by the PMU and Divisions.  This is the key table 
describing the present characteristics of the state’s roads.  The data items include: 
 
• Primary Key – Variable Character 
• Survey Year – Number 

• County – Number (denotes county section 
is located in) 
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• City – Number (denotes city section is 
located in) 

• Route – Number (posted route number 
with US routes first, followed by NC 
routes, and secondary routes) 

• Direction – Variable Character (direction 
of travel) 

• Begin Milepost – Number (indicates 
milepost at the beginning of the section) 

• Begin Description – Variable Character 
(brief description of the beginning point of 
the section) 

• Length – Number (length of the section) 
• End Description – Variable Character 

(brief description of the end point of the 
section) 

• Pavement Type – Variable Character 
(either PM, BST, or Slurry) 

• Pavement Width – Number (excludes 
paved shoulders) 

• Number of Lanes – Number (number of 
through lanes including continuous center 
left turn lanes) 

• Shoulder Type – Variable Character 
(paved or unpaved) 

• Shoulder Width – Number (average 
section width) 

• Curb & Gutter – Variable Character (Yes, 
must be continuous on both sides; No, 
including one side only) 

• No Alligator Cracking – Number 
(percentage of this type of cracking found 
on the section) 

• Low Alligator Cracking – Number 
• Moderate Alligator Cracking – Number 

• Severe Alligator Cracking – Number 
• No Edge Cracking – Number (percentage 

of this type of cracking found on the 
section) 

• Low Edge Cracking – Number 
• Moderate Edge Cracking – Number 
• Severe Edge Cracking – Number 
• Block Cracking – Variable Character 

(rated None, Light, Moderate, or Severe) 
• Reflective Cracking – Variable Character 

(rated None, Light, Moderate, or Severe) 
• Rutting – Variable Character (rated None, 

Light, Moderate, or Severe) 
• Raveling – Variable Character (rated 

None, Light, Moderate, or Severe) 
• Bleeding – Variable Character (rated 

None, Light, Moderate, or Severe) 
• Patching – Variable Character (rated 

None, Light, Moderate, or Severe) 
• Ride Quality – Variable Character (rated 

Average, Slightly Rough, or Rough) 
• ADT – Number (Average Daily Traffic) 
• FAS – Variable Character 
• Centerline Mark – Variable Character 
• Edge-line Mark – Variable Character 
• Rating – Number (overall pavement 

rating) 
• Adjusted Rating – Number (adjusted 

overall rating) 
• End Milepost – Number (indicates 

milepost at the end of the section)

 
The International Roughness Index table contains data on a pavement section’s roughness and 
rut depth.  This table contains the following data items: 
 
• Survey Date – Date 
• County – Number 
• Route – Number 
• Direction – Variable Character 
• Lane Number – Number 
• Begin Milepost – Number 

• End Milepost – Number 
• Minimum International Roughness Index 

(IRI) – Number 
• Maximum IRI – Number 
• Average IRI – Number 
• Standard Deviation IRI – Number 
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• Minimum Rut Depth – Number 
• Maximum Rut Depth – Number 

• Average Rut Depth – Number 
• Standard Deviation Rut Depth – Number

 
The Skid Resistance table consists of information that is imported from trucks that are specially 
equipped to measure skid resistance in the field.  The database can accommodate up to five lanes 
in one direction. The data items include: 
 
• County – Number 
• Route – Number 
• Milepost – Number 
• Survey Date – Date 
• Pavement Type – Variable Character 
• Air Temperature – Number 
• Pavement Temperature – Number 
• Tread Depth – Variable Character 

• Direction – Variable Character 
• Lane 1 Skid Resistance – Number 
• Lane 2 Skid Resistance – Number 
• Lane 3 Skid Resistance – Number 
• Lane 4 Skid Resistance – Number 
• Lane 5 Skid Resistance – Number 
• Year – Variable Character

 
The PMU imports the Universe File into their database.  However, the structure of the table does 
not change and the data items are all identical to the file maintained by the GIS Road Inventory 
Section.  See Chapter 4 of this report for an enumeration of the data items that are contained in 
the Universe File. 
 
The Pavement History table was created to keep a record of changes made to the link-node 
highway system model.  As new links are added or old links removed, this table keeps a record 
of the previous topology of the network for future reference so that studies can be conducted on 
roadway changes over time.  The attributes found in this table include: 
 
• Timestamp – Not Null Date (this is a time 

value down to the hundredth of a second 
that is recorded when any change is made 
to the system) 

• Operation – Variable Character (this 
describes the type of change being made 
such as a split, join, or deletion) 

• Link1 – Number 
• Section Length – Number 
• Link1/Node1 – Number 
• Link1/Node2 – Number 

• Link2 – Number 
• Section Length2 – Number 
• Link2/Node1 – Number 
• Link2/Node2 – Number 
• Link3 – Number 
• Section Length3 – Number 
• Link3/Node1 – Number 
• Link3/Node2 – Number

 
The Rehabilitation, Reconstruction, and Resurfacing table is used to store information related 
to the type of operation that has been performed on a pavement section.  Data items include: 
 
• Route – Number 
• County – Number 
• Year – Number 
• Work – Variable Character 

• Direction – Variable Character 
• Cross Section – Variable Character 
• Number of Lanes – Number 
• Widening – Variable Character 
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• Begin Description – Variable Character 
• Begin Milepost – Number 
• End Description – Variable Character 
• End Milepost – Number 
• Milling – Number 
• Surface 1 Type – Variable Character 
• Surface 1 Thickness 
• Surface 2 Type – Variable Character 
• Surface 2 Thickness – Number 
• Surface 3 Type – Variable Character 
• Surface 3 Thickness – Number 
• Widening Layer 1 – Variable Character 
• Widening Thickness 1 
• Widening Layer 2 – Variable Character 
• Widening Thickness 2 – Number 
• Widening Layer 3 – Variable Character 
• Widening Thickness 3 – Number 

• Paved Shoulder Direction – Variable 
Character 

• Paved Shoulder Inside Type – Variable 
Character 

• Paved Shoulder Inside Width – Number 
• Paved Shoulder Curb & Gutter – Variable 

Character 
• Paved Shoulder Outside Type – Variable 

Character 
• Paved Shoulder Outside Width – Number 
• Paved Shoulder Outside Curb & Gutter – 

Variable Character 
• Straight Line Diagram Year – Number 
• Project (TIP) Number – Variable 

Character

 
Finally, the Original Construction table is used to store information related to the pavement 
characteristics of a newly constructed highway section.  Data items include: 
 
• Route – Number 
• County – Number 
• Year – Variable Character 
• Direction – Variable Character 
• Cross Section – Variable Character 
• Lanes – Variable Character 
• Begin Description – Variable Character 
• Begin Milepost – Number 
• End Description – Variable Character 
• End Milepost – Number 
• Sub-Base – Variable Character 
• Sub-Base Thickness – Number 
• Paved Surface 1 – Variable Character 
• Paved Surface Thickness 1 – Number 
• Paved Surface 2 – Variable Character 
• Paved Surface Thickness 2 – Number 
• Paved Surface 3 – Variable Character 
• Paved Surface Thickness 3 – Number 
• Paved Surface 4 – Variable Character 

• Paved Surface Thickness 4 – Number 
• Paved Surface 5 – Variable Character 
• Paved Surface Thickness 5 – Number 
• Paved Shoulder Inside Type – Variable 

Character 
• Paved Shoulder Inside Width – Number 
• Paved Shoulder Inside Curb & Gutter – 

Variable Character 
• Paved Shoulder Outside Type – Variable 

Character 
• Paved Shoulder Outside Width – Number 
• Paved Shoulder Outside Curb & Gutter – 

Variable Character 
• S-Line – Variable Character 
• Paved Shoulder Direction – Variable 

Character 
• Project Number – Variable Character
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6.6 RELATIONAL CONVERSION OF DATA STRUCTURES 
 
The following section presents a relational schema for the data managed by the PMU.  Not all of 
the data items represented in the previous section are included here.  The PMU’s topology tables 
are not included here because the proposed LRS does not include that particular link-node 
structure.  Refer to section 1.6 for an explanation of the format used in the table structure. 
 

Pavement Condition Survey (LRS Route ID, From Measure, To Measure, 
Survey Year, County, City, Posted Route, Direction, Begin Description, Length, 
End Description, Pavement Type, Pavement Width, Number of Lanes, Shoulder 
Type, Shoulder Width, Curb & Gutter, No Alligator Cracking %, Low Alligator 
Cracking %, Moderate Alligator Cracking %, Severe Alligator Cracking %, No 
Edge Cracking %, Low Edge Cracking %, Moderate Edge Cracking %, Severe 
Edge Cracking %, Block Cracking, Reflective Cracking, Rutting, Raveling, 
Bleeding, Patching, Ride Quality, ADT, FAS, Centerline Mark, Edge-Line Mark, 
Rating, Adjusted Rating) 
 
International Roughness Index (LRS Route ID, From Measure, To Measure, 
Survey Date, County, Posted Route, Direction, Lane Number, Minimum 
International Roughness Index, Maximum International Roughness Index, 
Average International Roughness Index, Standard Deviation International 
Roughness Index, Minimum Rut Depth, Maximum Rut Depth, Average Rut 
Depth, Standard Deviation Rut Depth) 
 
Skid Resistance (LRS Route ID, Milepost, County, Posted Route, Survey Date, 
Pavement Type, Air Temperature, Pavement Temperature, Tread Depth, 
Direction, Lane 1 Skid Resistance, Lane 2 Skid Resistance, Lane 3 Skid 
Resistance, Lane 4 Skid Resistance, Lane 5 Skid Resistance, Year) 
 
Rehabilitation, Reconstruction, and Resurfacing (LRS Route ID, From 
Measure, To Measure, Posted Route, County, Year, Work, Direction, Cross 
Section, Number of Lanes, Widening, Begin Description, End Description, 
Milling, Surface 1 Type, Surface 1 Thickness, Surface 2 Type, Surface 2 
Thickness, Surface 3 Type, Surface 3 Thickness, Widening Layer 1, Widening 
Thickness 1, Widening Layer 2, Widening Thickness 2, Widening Layer 3, 
Widening Thickness 3, Paved Shoulder Direction, Paved Shoulder Inside Type, 
Paved Shoulder Inside Width, Paved Shoulder Curb & Gutter, Paved Shoulder 
Outside Type, Paved Shoulder Outside Width, Paved Shoulder Outside Curb & 
Gutter, Straight Line Diagram Year, Project (TIP) Number) 
 
Original Construction (LRS Route ID, From Measure, To Measure, Posted 
Route, County, Year, Direction, Cross Section, Lanes, Begin Description, End 
Description, Sub-Base, Sub-Base Thickness, Paved Surface 1, Paved Surface 
Thickness 1, Paved Surface 2, Paved Surface Thickness 2, Paved Surface 3, 
Paved Surface Thickness 3, Paved Surface 4, Paved Surface Thickness 4, Paved 
Surface 5, Paved Surface Thickness 5, Paved Shoulder Inside Type, Paved 
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Shoulder Inside Width, Paved Shoulder Inside Curb & Gutter, Paved Shoulder 
Outside Type, Paved Shoulder Outside Width, Paved Shoulder Outside Curb & 
Gutter, S-Line, Paved Shoulder Direction, Project (TIP) Number) 
 

Note that little change is currently being recommended for these tables from those already 
maintained by the PMU.  Significant consideration will have to be given to the inclusion of the 
new LRS in lieu of the existing link-node system. 
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7.0 UNIFIED DATA STRUCTURE 
 

The unified database is the collection of many local databases used by various branches within 
NCDOT.  The database is designed to incorporate the proposed LRS introduced in a previous 
study.  The database is unified in that it conceptually combines the local databases managed 
within each individual branch.  Ultimately, the database will have the ability to bring data 
together from various local databases existing at NCDOT. 
 
The primary purpose of this chapter is to present a conceptual design of the unified database.  
Included in the chapter are several key components of the design.  These components include the 
unified database’s link to ARC/INFO, data population, database topology, filter programs, 
spatial topology, methodology for implementing a common LRS route-system, and the 
procedure for joining tables with different attributes. 
 
7.1 THE UNIFIED DATA STRUCTURE’S LINK TO ARC/INFO 
 
In the proposed LRS, a unique identifier will represent roadways.  The collection of identifiers 
will represent the entire roadway network.  This unique identifier, herein referred to as the LRS 
ID, together with a milepost referencing system, will be the basis for locating points and 
segments in the roadway system.  If the proposed relational database schema is to be accessed 
and used in a graphical sense, it must be compatible with ARC/INFO’s spatial topology.  This 
implies that the spatial topology used in the ORACLE database must be formatted such that data 
can be readily represented in ARC/INFO.  Figure 7.1 shows how ARC/INFO is related to 
ORACLE. 
 
Linear referencing systems were first incorporated into ARC/INFO software in 1991.  Several 
transportation and network analysis capabilities were integrated into the software with an add-on 
network called NETWORK, which supports functions including network analysis (pathfinding, 
routing, tracing, allocation, spatial interaction, gravity modeling), geocoding (address matching), 
and dynamic segmentation.  ArcView, an ARC/INFO desktop extract package, has also included 
some network analysis functions.  These functions support display and data analysis for 
dynamically segmented networks but do not permit access to the underlying spatial and attribute 
database for updates. 
 
7.1.1 The ARC/INFO Dynamic Segmentation Model 
 
The ARC/INFO dynamic segmentation model is based on a route-system architecture.  Dynamic 
segmentation is built upon the arc-node data model used in ARC/INFO.  The route-system is 
comprised two non-graphic INFO attribute tables related to the standard arc-node data model.  
These non-graphic tables are the Route Attribute Table (RAT), and the Section Attribute Table 
(SEC).  Two other tables that are part of the data model are the Cover Arc Network Table (AAT) 
and unified database’s Generic Event Table (EVE).  Figure 7.1 illustrates the relationship among 
these tables. 
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Figure 7.1: Generic ARC/INFO – Oracle LRS Implementation Tables (Geo Decisions, 1997) 
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7.1.2 ARC Coverage 
 
In ARC/INFO, tables are part of an ARC coverage that represents a highway network.  A 
coverage is a system of linear features that make up the entire highway network.  In this case, the 
coverage is comprised of arcs, which are sections of roads that define the entire highway 
network.  The AAT table is an attribute table that presents the line features in the ARC coverage.  
There is always a one-to-one relationship between a particular line feature (arc) and a particular 
record in this table. 
 
FNODE, TNODE, LPOLY, RPOLY, and LENGTH are all internal elements used by this table to 
describe the topology of the linear network.  FNODE and TNODE are ARC-defined beginning 
and ending node numbers on which a linear element (arc) begins and ends.  When a polygon 
topology is present, the LPOLY and RPOLY fields hold the internal left and right polygon 
numbers for each linear feature thereby identifying adjacent regions.  LENGTH is the graphical 
length of a linear element (arc). 
 
The <cover># and <cover>-ID fields are dependant on the ARC coverage’s name, where 
<cover> is the name of the coverage.  The <cover># attribute is used to sequentially number 
linear elements in the coverage.  The <cover>-ID field is a user-defined identification number 
that can be used to group or uniquely identify linear features.  In this particular table the 
<cover>-ID field is called ROUTE_NUMBER (LRS ID).  ROUTE_NUMBER (LRS ID) is used 
to group the linear elements (arcs) into unique, continuous LRS routes.  Two other keys are the 
FROM_MEAS and TO_MEAS that along with the ROUTE_NUMBER will be used as the 
underlying relation to all event tables for dynamic segmentation purposes. 
 
FROM_MEAS represents a beginning distance marker for particular liner element (arc).  
TO_MEAS is an ending distance marker for any linear element (arc) where the distance is 
measured in miles along the entire LRS route.  The MEASURE (milepoint) field represents the 
real-world distance of any linear element (arc).  MEASURE may sometimes be required for 
route generation in ARC/INFO and accumulated and stored in the sections table (SEC) so that 
the real, calibrated distance of an LRS route is used, and not the graphical distance that is 
represented.  In other words, LENGTH is a graphical line length, whereas MEASURE represents 
the actual real world physical distance that the line represents. 
 
7.1.3 Route Attribute Table 
 
The <cover>.RAT table is an internal table of ARC/INFO that records all of the routes created in 
the LRS route-system.  The <subclass># field records the sequential order of routes as they are 
generated in ARC/INFO.  The <subclass> designation refers to the name given to the LRS route-
system that is built into the line coverage.  For example, a <subclass> designation could be 
named ROUTE or HIGHWAY.  The <subclass>-ID is a user-defined, numerical field similar to 
the <cover>-ID filed in the <cover>.AAT table for linear elements (arcs), but is used for LRS 
routes.  Again, ROUTE_NUMBER is the unique LRS ID assigned to each road segment in the 
network and is really the same as <subclass>-ID.  ROUTE_NUMBER is the same as the one 
found in the <cover>.AAT table for all arcs of a route.  Only one record for each LRS route is 
generated in the <cover>.RAT table. 
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7.1.4 Section Attribute Table 
 
The <cover>.SEC table is another internal table which ARC/INFO uses for dynamic 
segmentation.  It is used to organize the linear elements (arcs) or portions of those arcs that make 
up an LRS route and record their measurements.  The records in this table are referred to as 
sections because ARC/INFO allows portions of a linear element to be treated separately from an 
arc.  This table is also used to link actual measurements of an LRS route-section to the X-Y 
coordinates of its “parent” linear element in the ARC coverage.  The field descriptions in this 
table are required for ARC/INFO and cannot be changed. 
 
In the <cover>.SEC table, the ROUTELINK# field contains the sequential number assigned to 
an LRS route in the <cover>.RAT table to which the section belongs.  The ARCLINK# field 
contains the sequential number of the linear element (arc) in the <cover>.AAT table to which the 
section belongs.  The F-MEAS and T-MEAS fields are the cumulative beginning and ending 
measures of the section along the LRS route.  The F-POS and T-POS fields are beginning and 
ending percentages of the linear element (arc) that is being represented by the section.  These 
two fields are also used as the directional component of the linear element. 
 
It is important to note that in NCDOT’s LRS based state highway system, each linear element 
(arc) will only be represented by one section in its LRS route.  Therefore, the F-MEAS and T-
MEAS fields should always match up directly with the FROM_MEAS and TO_MEAS fields in 
the <cover>.AAT table for linear elements.  The F-POS and T-POS fields should always be from 
0 to 100, respectively, because each linear element will only be used for its entirety and all linear 
elements will be coordinated graphically to indicate the direction of the LRS route. 
 
7.1.5 Event Tables 
 
Event tables (.EVE) are to be those contained in NCDOT’s unified database and stored on 
ORACLE.  These tables can be linked to ARC/INFO if they contain a ROUTE_NUMBER (LRS 
ID) and milepoint for point data, a FROM_MEAS (From Measure) and a TO_MEAS (To 
Measure) for linear data, and an attribute field(s) that can be applied to those measures.  The 
ROUTE_NUMBER (LRS ID) is the unique identifier used to catalog a road in the LRS route-
system.  The MEASURE (Milepoint) field is to be used for recording the linear measurement of 
location of a point feature (e.g. a traffic accident) along an LRS route.  The FROM_MEAS and 
TO_MEAS are beginning and ending measures along the LRS route where a particular linear 
element (e.g. speed limit or pavement type) is located.  Dynamic segmentation uses these 
measurements to interpolate the correct position(s) along a specified LRS route to create 
temporary point and linear features for graphic display, or for other more complex analysis (e.g. 
the generation of new event tables) on the route-system. 
 
7.2 DATABASE POPULATION 
 
A very important consideration in the creation of the unified database, with a linked GIS system, 
is data population of the ARC/INFO data tables. 
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There is a sequence of steps that needs to be executed in order to correctly populate the database.  
That sequence includes the following steps: 
 

(1) Currently, all county route-system maps are maintained in Bentley 
Microstation geographic design files.  These maps detail the geometry and 
geography of all state maintained roads as well as urban roads not under state 
control.  These maps must be transferred into ARC/INFO before any other 
activities can occur.  This step is relatively easy because ARC/INFO can 
import Microstation design files. 
 

(2) Once all of the county maps have been transferred into ARC/INFO they must 
be maintained in this environment and not in Microstation.  At this point, 
there is a complete road network for all 100 counties. 
 

(3) Next, the proposed LRS system must be incorporated into ARC/INFO.  This 
involves identifying each respective LRS route and assigning an LRS ID to it.  
This step can be accomplished by either manually assigning LRS ID’s to each 
LRS route or by developing a computer program that can automatically 
determine LRS routes and assign a unique identifier. 

 
(4) After LRS ID’s have been assigned distances of all sections must be entered 

so that From Measure and To Measure values can be generated.  That is, step 
4 involves adding the geometric locations to the topology created in the 
previous steps. 
 

(5) Once the LRS system has been incorporated into ARC/INFO, attribute values 
must be assigned to the LRS routes.  These attributes originate from the 
existing databases detailed in Chapters three through six.  Again, where 
possible, computer programs could be developed that import these attributes 
to the proper tables, LRS ID’s, and mileposts.  This may be a significant task 
since much data lacks a compatible linear referencing method with the 
proposed LRS and conversion or “filter” programs must be written for this 
translation. 
 

There is one possible method for populating the ARC/INFO database.  When the Microstation 
files are first entered into ARC/INFO, all route segments located between intersections or county 
boundaries are assigned a Link-ID.  This Link-ID is a key that can assist in the population of the 
database.  PMU currently uses a link-node system that is the model for assigning the Link-ID’s.  
It would be the Mapping Section’s responsibility to physically select each route segment and 
then import the corresponding Link-ID from the PMU database.  Once the Link-ID’s are 
assigned, a “join” operation in ARC/INFO can be used to pull the remaining attribute data from 
the PMU files and link them to the correct Link-ID.  Similarly, a “join” operation can be 
performed to join attribute data from the Universe File to corresponding Link-ID residing in 
ARC/INFO.  Thus approach, and its potential limitations, was previously discussed in sections 
4.1.3 and 6.3. 
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There is presently no way to populate ARC/INFO with names and attributes using Microstation.  
Only layers, colors and line-weights can currently be imported into ARC/INFO.  This is not very 
useful because all text and geometric attributes would have to be manually entered into 
ARC/INFO.  The problem is that Microstation is a CAD system focused in graphics whereas 
ARC/INFO is a GIS system focused in spatial entities and their topology. 
 
However, there may be a product-based solution to this dilemma.  Another CAD system called 
Geo Graphics, also produced by Bentley, is slated to replace Microstation in the near future.  
Geo Graphics has the same graphic capabilities as Microstation, but also has an added database 
component.  Because of its added database component it can be directly linked to ARC/INFO.  
Geo Graphics is also capable of reading Microstation design files.  Therefore, Geo Graphics can 
use current county map drawings.  Once operational, Geo Graphics and ARC/INFO will be able 
to share data in a graphical format. 
 
Presently, the Microstation line work for all 100 North Carolina counties has been entered into 
ARC/INFO.  The process of “cleaning” that line work is underway.  The next critical step is to 
identify LRS routes and assign them a LRS ID. 
 
7.2.1 Map Maintenance 
 
The Mapping Section is currently responsible for changes or additions to the county maps.  
These changes are all recorded in Microstation.  Once all digital Microstation files have been 
imported to ARC all line edits should take place in ARC eliminating the need to import and 
clean Microstation files each time a change is made to the system.  Figure 7.2 presents a 
graphical model of the current methodology for editing the digital road network in ARC.  
Presently, changes to the line network are handled in both places. 
 
Figure 7.2 – Current Methodology for Map Maintenance 

 
In the future, procedures will be established to enable the transfer of edited digital ARC/INFO 
files back to Microstation.  This will permit all changes to be made in ARC without the need to 
perform edits in Microstation. This will eliminate duplication of effort.  Figure 7.3 presents a 
graphical model of the future methodology for editing the digital road network in ARC. 
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In other words, one system must be the master.  All updates need to be made to it with those 
changes then transferred to the other system.  What must be eliminated is the maintenance of two 
separate systems that become incompatible quickly because of inconsistent updating. 
 
Figure 7.3 – Future Methodology for Map Maintenance 

 
7.3 THE CONCEPTUAL UNIFIED DATABASE SPATIAL TOPOLOGY 
 
Based on ARC/INFO’s spatial data structure, it makes sense to represent the unified database’s 
spatial topology using a similar structure.  In the unified database, linear elements, such as 
pavement type and speed limits, will be spatially defined using a route-milepost methodology.  
This requires a unique LRS ID for each road in the route system and a From Measure and To 
Measure to mark the beginning and ending measurements along the specified road.  Table 7.1 is 
the general table structure for linear elements.  Point features, such as railroad crossings, will be 
spatially defined with the unique LRS ID and a Milepost measurement along that route as shown 
in Table 7.2. 

 
Table 7.1 – Linear Topology Table 

LRS ID From Measure To Measure Any Linear Attributes 
515 0.00 1.00 X 
623 68.00 69.40 X 
623 69.40 71.50 X 

 
Table 7.2 – Point Topology Table 

LRS ID Milepost Any Point Attributes 
623 69.20 X 
624 106.20 X 

 
Table 7.3 represents an example of the spatial topology of intersections in the LRS route system.  
Anywhere an LRS route crosses another LRS route an intersection is defined.  The easiest way in 
which to represent an intersection is through a Node identifier.  The Milepost field is used to 
represent the distance along the LRS route where the intersection is positioned.  Each 
intersection must be represented by at least two records containing the same Node ID.  This is 
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because there are at least two LRS routes required to form an intersection and the node will be 
located at a different milepost distance for each. 
 
Nodes are not the only way in which intersections could be represented in the topology.  
However, they do present the database with an easier query option.  Information related to each 
intersection could be queried using the Node ID as the primary key.  Other crossing features, 
such as railroad crossings, do not need to be assigned nodes because they can be represented 
solely on the basis of the Milepost measure.  That is, an intersection is composed of two or more 
intersecting roads, where a railroad crossing has only one intersecting road.  Therefore, attributes 
can be assigned to the crossing with only the LRS ID and the Milepost fields as the composite 
key. 
 

Table 7.3 – INTERSECTIONS 
LRS ID Milepost Node ID 

643 32.2 N25 
643 38.9 N89 
745 4.7 N25 
745 7.8 N89 

 
There are a number of significant obstacles that need to be addressed if the unified database’s 
spatial topology is to work.  The proposed LRS route-system is founded on the concept of using 
a common linear datum for all roadways in the state through anchor sections and anchor points.  
An anchor section is a “continuous, directed, non-branching linear feature, connecting two 
anchor points, whose real-world length can be determined in the field.” An anchor point is a 
“zero dimensional location that can be uniquely identified in the real-world in such a way that its 
position can be determined and recovered in the field” (Geo Decisions, 1997). Using a set of 
procedural rules, these elements are formed into LRS routes by grouping anchor sections into 
continuous linear components.  It is these anchor sections (also ARC/INFO sections), using 
actual measured distances that are calibrated at anchor points, that will relate the data from the 
various units through the use of the proposed LRS system. 
 
It should be emphasized that each unit may choose to continue using a different location method 
in their data collection and reporting.  For example, The Traffic Engineering Safety Unit 
describes accident locations based on a distance from a particular intersection along a roadway.  
They currently use parameters such as POSTED ROUTE, INTERSECTION, and DISTANCE to 
locate accidents.  If a unit does not adopt the proposed LRS in its data collection and reporting 
activities, then a conversion mechanism must be developed to convert a particular referencing 
system into the proposed LRS.  These conversion mechanisms are often referred to as filters.  
However, for the system to truly work at its intended optimum with regard to data collection, 
maintenance, and distribution, all stakeholders should adopt the chosen common LRS.  
Otherwise, the current incompatibilities will remain and the goals noted above will not be fully 
achieved. 
 
Tables 7.1, 7.2, and 7.3 are intended to demonstrate how the spatial topology works.  In actuality 
there will be an assortment of non-spatial attributes linked to these spatial keys.  Chapters three 
through six presented all of this attribute data, as it will be linked to these keys.  However, the 
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database will not always use the LRS ID and Mileposts as keys.  In some instances, other keys 
will be required, such as “Station Number.”  In such a case, the LRS ID and Milepost fields will 
be attributes linked to the primary key. 
 
7.4 GENERIC EXAMPLE: IMPLEMENTATION INCLUDING TOPOLOGY AND 

ATTRIBUTES 
 
This section presents an example of how database tables are constructed using the proposed 
spatial topology.  Figure 1 in the Appendix represents a sample route system with posted routes 
and intersections shown.  Nodes are used to represent intersections and county boundaries.  
Figure 1 shows these intersection and county nodes.  Intersection nodes are labeled N(n), while 
county nodes are labeled C(n).  This is for demonstration purposes only and has no significance.  
Tables 7.4, 7.5, 7.6, and 7.7 demonstrate a generic representation of how the tables may be laid 
out in the ORACLE database. 
 
7.4.1 Spatial Topology 
 
Table 7.4 stores the names of posted routes that are associated with a particular LRS route.  
There may be one or more posted routes associated with a given LRS route.  From Measure and 
To Measure fields are used to record the measure along the LRS route for which the specified 
posted route designation applies.  Two important additional fields that can be added to this table 
include Posted MP1 and a Posted MP2.  These fields provide equivalent posted mile markers to 
the internal LRS measures and enable the query of posted measures for certain reporting 
purposes.  These fields provide the recognition that field milepost measures are different from 
posted measures. 
 

Table 7.4 – POSTED ROUTES 
LRS ID From Measure To Measure Posted Route 

515 0.00 1.00 NC 115 
623 68.00 71.50 NC 78 
624 105.00 108.50 NC 54 
742 25.00 26.80 NC 115 
742 25.00 27.25 NC 65 

 
Table 7.5 stores the nodes that represent an intersection.  These nodes may be queried to reveal 
information related to each intersection.  Please note that in Figure 1 in the Appendix, nodes 
have been placed at the ends each route as they are drawn.  These routes are actually continuous 
even though nodes are shown.  This is only for demonstration purposes and will not occur in the 
actual database representation. 
 

Table 7.5 – INTERSECTIONS 
LRS ID Milepost Node ID 

624 106.90 N4 
623 69.90 N5 
742 25.70 N4 
742 26.45 N5 
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742 26.80 N6 
515 0.00 N6 

 
Table 7.6 stores the nodes that represent county boundaries.  These nodes may be queried to 
display information such as county names. 
 

Table 7.6 – COUNTY BOUNDARIES  
LRS ID Milepost Node ID 

623 68.55 C2 
624 105.45 C1 

 
Table 7.7 catalogs the locations of all railroad crossings in the sample route-system.  The 
Milepost field is used to reference this point feature. Refer again to Figure 1 (Appendix). 
 

Table 7.7 – RAILROAD CROSSINGS 
LRS ID Milepost 

623 69.20 
624 106.20 

 
7.4.2 Non-Spatial Data 
 
The previous four tables stored information fully describing the topology and geometry of the 
route system.  Now we illustrate the storage of attribute information on this network. 
 
Table 7.8 stores the pavement condition found along each route in the sample route-system.  This 
is a linear attribute so it uses a From Measure and a To Measure as a spatial delineation.  Refer 
to Figure 3 (Appendix) for a pavement condition map representation using the same sample route 
system as in Figure 1 (Appendix). 
 

Table 7.8 – PAVEMENT CONDITION 
LRS ID From Measure To Measure Pavement 

Condition 
515 0.00 1.00 Good 
623 68.00 69.40 Moderate 
623 69.40 71.50 Good 
624 105.00 106.70 Good 
624 106.70 108.50 Excellent 
742 25.00 26.45 Poor 
742 26.45 26.80 Moderate 
742 26.80 27.25 Poor 

 
Finally, one additional attribute table is illustrated.  This table deals with “anchor points” – those 
points within the overall highway network whose precise geometric location is known.  The form 
of this data is shown below in Table 7.9. 
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Table 7.9 – ANCHOR POINTS 
Node ID X Y Z 

N1 121 412 312 
N2 115 513 336 
N3 201 378 420 
N4 203 459 378 
N5 207 488 245 
N6 209 569 365 
N7 214 642 398 
N8 298 449 425 
N9 299 502 403 

N10 296 523 397 
C1 136 414 357 
C2 145 516 437 

 
In this table, a subset of LRS nodes would be represented, whose precise North Carolina grid 
coordinate positions are known.  This table establishes a link between the geometry of the lines 
in the stored network (by such tools as ARC/INFO and Microstation) and their actual location 
within the state.  These coordinate values may also establish a link with GPS data collection 
devices, as these are increasingly used within NCDOT and elsewhere. 
 
7.5 LRS FILTER PROGRAMS 
 
A collection of LRS filter conversion programs will be needed to transform each individual 
unit’s referencing system into the proposed LRS.  These filter programs will be customized to 
the type of referencing system that is currently used by a particular unit.  In some instances, a 
further set of conversion programs will be required by a unit to format data into some other 
standardized format.  For example, the GIS unit produces an annual HPMS report using a 
specified format, which is currently based on the Universe File.  A conversion program must be 
written to transform their data, as it will exist in the new unified database, into the HPMS format. 
 
Many of the same elements that are part of the each unit’s data will be used by the LRS filters to 
relate to the LRS route-system.  Logistically, perhaps the easiest way to implement the new LRS 
system is to use the LRS ID, FROM MEASURE, and TO MEASURE topological keys for any 
records that are new or are being modified in a unit’s event tables for dynamic segmentation 
analysis purposes.  If length measurements are new or modified, the LRS references will need to 
be updated.  Other event records could keep their existing LRS location references and use the 
filter programs for conversion. 
 
7.6 NCDOT ARC/INFO EXAMPLE IMPLEMENTATION 
 
This section references Figure 2 from the Appendix and Figure 7.4 in order to demonstrate the 
relationship that will exist between ORACLE event tables and ARC/INFO’s route-system tables.  
Figure 2 from the Appendix adds ARC LINK#’S to the route-system.  Tables from Figure 7.4 are 
part of the dynamic segmentation model that was described in section 7.1.1.  Included in Figure 
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7.4 are the Linear Event Table (EVE), Route Attribute Table (RAT), Route Section Attribute 
Table (SEC), and the ARC Attribute Table. 
 
It can be seen from Figure 7.4 that the primary key relating the Linear Event Table (EVE), Route 
Attribute Table (RAT), and the Route Section Attribute Table (SEC) is the ROUTE-ID (LRS-
ID).  As described in sections 7.1.3 and 7.1.4, the ROUTE# field from the Route Attribute Table 
(RAT) records the sequential order of routes as they are generated in ARC/INFO.  The 
ROUTELINK# field from the Section Attribute Table (SEC) contains the sequential number 
assigned in the Route Attribute Table (RAT) to which the section belongs.  The following 
definitions may help to clarify column headings in Figure 7.4.  Certain fields are assigned two 
names.  The first is a generic ARC/INFO field name and the second name in parentheses is the 
LRS equivalent matching the proposed LRS as it has been presented in this report. 
 
Route Attribute Table (RAT) 
<subclass#> (ROUTE#) – Internal sequence number of routes as they are generated. 
<subclass-ID> (ROUTE-ID/LRS-ID) – User defined, numerical field for LRS routes. 
 
Section Attribute Table (SEC) 
ROUTELINK# – Sequential number assigned to an LRS route in the Route Attribute Table. 
ARCLINK# – Sequential number of the linear element to which the section belongs. 
F-MEAS – Starting milepost. 
T-MEAS – Ending milepost. 
F-POS – Cumulative beginning percentage of the linear element (arc) represented by the section. 
T-POS – Cumulative-ending percentage of the linear element (arc) represented by the section. 
ROUTE# (SECTION#) – Internal sequence number of the sections as they are generated within 

an LRS route.  In the proposed route system, sections and arcs are 
equivalent. 

<subclass-ID> (ROUTE-ID/LRS-ID) – User defined, numerical field for each section. 
 
Arc Attribute Table (AAT) 
FNODE# – Internal sequence number of the from node. 
TNODE# – Internal sequence number of the to node. 
LPOLY# – Internal sequence number of the left polygon.  Set to 0 if the coverage does not 

contain polygons. 
RPOLY# – Internal sequence number of the right polygon.  Set to 0 if the coverage does not 

contain polygons. 
LENGTH – Length in coverage units. 
<cover># (ROADS#/ARC LINK#) – Internal sequence number of the arc. 
<cover>-ID (ROUTE-ID/LRS-ID) – User defined, numerical field for each arc. 
F-MEAS – Starting milepost. 
T-MEAS – Ending milepost. 
MEASURE – Actual real-world physical distance that the line represents. 
 
It is worth commenting at this point on the relationship between these items and the NCDOT 
Universe File.  The Universe File currently stores data at a record level that would be considered 
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to be equivalent to ARC/INFO’s sections.  Adoption of the proposed LRS will greatly simplify 
the data stored in the Universe file by reducing its redundancy. 
 
This is because the NCDOT LRS will always have both posted routes and LRS routes beginning 
and ending at nodes, and nowhere between nodes.  Thus, ARC/INFO sections always correspond 
exactly in a one to one fashion with ARC/INFO arcs for the NCDOT LRS.  This one to one 
correspondence can be seen in the example in Figure 7.4. 
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Route Attribute Table (RAT) Figure 7.4 – Sample ARC/INFO Route-System and Event Database Model for NCDOT 
ROUTE# ROUTE-ID 

(LRS-ID) 
1 515 

2 623 

3 624 

4 742 

 
 

Section Attribute Table (SEC) Linear Event Table (EVE) (ORACLE) 
ROUTE 
LINK# 

ARC LINK# F-MEAS T-MEAS F-POS T-POS ROUTE# 
(SECTION#) 

ROUTE-ID 
(LRS-ID) 

  ROUTE-ID 
(LRS-ID) 

FROM 
MEASURE 

TO 
MEASURE 

PAVEMENT 
CONDITION 

1 1 0.00 1.00 0 100 1 515  515 0.00 1.00 GOOD 

2 524 68.00 68.55 0 100 1 623  623 68.00 69.40 MODERATE 

2 525 68.55 69.90 0 100 2 623  623 69.40 71.50 GOOD 

2 526 69.90 71.50 0 100 3 623  624 105.00 106.70 GOOD 

3 831 105.00 105.45 0 100 1 624  624 106.70 108.50 EXCELENT 

3 832 105.45 106.90 0 100 2 624  742 25.00 26.80 POOR 

3 833 106.90 108.50 0 100 3 624  742 26.45 26.80 MODERATE 

4 31 25.00 25.70 0 100 1 742  742 26.80 27.25 POOR 

4 32 25.70 26.45 0 100 2 742      

4 33 26.45 26.80 0 100 3 742      

4 34 26.80 27.25 0 100 4 742      

 
 
 
ARC Attribute Table (AAT) 
FNODE TNODE LPOLY RPOLY LENGTH ROADS# 

(ARC LINK#) 
ROUTE-ID 
(LRS-ID) 

F-MEAS T-MEAS MEASURE 

N6 N10 0 0 1.00 1 515 0.00 1.00 1.1 

N2 C2 0 0 0.55 524 623 68.00 68.55 0.59 

C2 N5 0 0 1.35 525 623 68.55 69.90 1.34 

N5 N9 0 0 1.60 526 623 69.90 71.50 1.62 

N1 C1 0 0 0.45 831 624 105.00 105.45 0.45 

C1 N4 0 0 1.45 832 624 105.45 106.90 1.45 

N4 N8 0 0 1.60 833 624 106.90 108.50 1.63 

N3 N4 0 0 0.70 31 742 25.00 25.70 0.75 

N4 N5 0 0 0.75 32 742 25.70 26.45 0.75 

N5 N6 0 0 0.35 33 742 26.45 26.80 0.39 

N6 N7 0 0 0.45 34 742 26.80 27.25 0.48 
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7.7 SPATIAL TOPOLOGY – SPECIAL CASES 
 
There are several circumstances that need to be addressed so that routes in the proposed LRS can 
be represented graphically in a GIS.  These “special case” scenarios could have a great impact on 
the design of the route system. 
 
7.7.1 Double Line Graphics vs. Single Line Graphics/ Directionality 
 
An important issue is whether to graphically show routes with their actual geometrical 
alignment.  That is, it needs to be determined what a single line of graphics in the GIS route-
system layer actually represents.  Topologically, a divided highway may have different 
characteristics for each directional line of travel (Figure 7.5).  There are instances where a 
divided highway may have similar measurements on both sides. There are also cases where the 
divided highway comes together at structures such as bridges where they may have a regular 
median or no median at all.  Other times there may be differences in their overall shape or 
measured length when there are wide medians.  Lengths also vary when routes are part of 
different structures or have uncommon structures (e.g. one side or a route has an overpass).  In 
such cases it appears more desirable to represent these routes in GIS with multiple lines, one for 
each direction of the route.  Multiple line graphics would provide a more detailed and accurate 
physical model and would offer greater flexibility in analysis operations. 
 

 
In light of the above discussion, Geo Decisions has recommended an approach to provide a 
graphical representation for each direction of roadway for divided highways.   This will allow 
LRS processing to be done all at once. Another complication is the direction in which data is 
collected for the individual travelways, as well how data is displayed and analyzed at the lane 
level.  This calls for a defined procedure for data collection.  Routes should be organized to flow 
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in one direction from beginning to end.  The same rule should occur for bi-directional routes.  
This will require that data on the opposing side of the highway be stored "backwards" from the 
direction of traffic flow.  This rule will keep length measurements along both directions 
consistent in the same direction. 
 
7.7.2 Looping Routes 
 
Looping routes occur when a route joins back to itself at some point.  Routes that have natural 
breaks (or discontinuities) in their alignment can be easily represented in the LRS as consisting 
of different routes on either side of the discontinuity.  Routes that make a complete loop with no 
natural break will require an artificial break represented with a node.  A procedure is required 
that defines how such breaks are made and how these situations are covered in the database.  
This is necessary because these loops can "confuse" the software as to the direction of travel of 
the route in the GIS layer.  Each time an artificial break is added to the system another route is 
added to the route-system.  However, this allows for the routes to be built using automated 
methods. ARC/INFO can manage loops in the routes during bulk route generation using the 
ARCSECTIONS command, as long as each arc has the appropriate measures and route 
identification. This is possible because the route identification gives ARC/INFO the required 
information on grouping arcs into a route.  An additional requirement is that all arcs be oriented 
in the proper direction.  
 
The majority of these potential problems can be handled through formation of LRS routes along 
adjacent segments of roads.  The only roads that will require any kind of manual manipulations 
are those that physically loop back on themselves with no intersecting features. 
 
Attributes will be assigned to routes depending on the nature of the loop.  If a posted-route or 
local road name causes the loop, and not the physical roadway geometry, the posted-route will be 
treated as multiple LRS routes. If a roadway that physically loops upon it causes the LRS route, 
then it will need to be split at some point if it is being added manually.  Alternatively, the arcs 
will need to be updated with the appropriate measures and identification in order to form the 
route automatically. 
 
7.7.3 County Lines 
 
In order to reduce the total number of routes in the system, any route that crosses a county line 
should retain its LRS ID (GIS ID) in the LRS route-system.  That is, where a route crosses a 
county line the LRS ID should be the same on both sides.  However, at these county lines a node 
should be placed (Figure 7.6).  The node will help to represent the exact length of the route 
between county lines.  A node helps to ensure that the county line remains at the same geometric 
location each time.  The node is necessary because of the nature of dynamic segmentation where 
the placement of attributes occurs in relative positions along an arc.  Without the node fixing a 
geometric location, the location of the county line could potentially “wander” back and forth 
along the route any time a change is made to the topology tables.  It is important to make sure 
that all county roadway arc layers are edge-matched so that when dynamic segmentation analysis 
occurs, it will be possible to generate one or more county route systems free of any 
discontinuities at county lines. 
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7.7.4 Bridges 
 
There are two potential ways to treat bridges in the LRS route-system (Figure 7.7).  One way is 
to treat them as point features; the other is as linear features.  Although most bridges can be 
effectively represented as a point feature on a map, they are not well represented in the LRS 
route system in such a manner.  If a bridge is stored as a point, then events located somewhere on 
the bridge could not be properly represented.  All events would have to be tied to the point that 
represents the bridge itself and any analysis that needed to be performed would be severely 
hindered.  Sometimes bridges are especially long, and are better represented in a linear fashion to 
be spatially accurate.  Therefore, storing bridges as a linear element is preferred.  However, both 
methods are likely to be employed for data collection purposes.  Programming methods can be 
developed to convert a linear bridge feature into a point feature. 
 
7.7.5 Ramps 
 
The representation of ramps is an important consideration in the development of an LRS route-
system (Figure 7.8).  More accuracy is obtained in locating attributes when using dynamic 
segmentation together with ramp-based data.  Including ramps also presents a more correct 
geometric depiction of the route-system.  Therefore, a ramp is represented graphically in its 
alignment as an individual line (arc) in the route system.  Employing ramps in the route system 
will significantly improve the representation of turning movements and accidents in the system. 
 
The addition of ramps to the route-system will allow for more accuracy for locating certain route 
events when using dynamic segmentation. For example better accuracy would be obtained then 
analyzing accident sites and representing their locations.  Crashes can be pinpointed to a 
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particular ramp as opposed to just the intersection.  This would allow for a more detailed analysis 
of intersections with high accident rates. 
 
7.7.6 Discontinued Roads 
 
Roads segments that are considered “inactive” are treated in the proposed LRS and must be 
included in the unified database.  A special table must be created to catalog these inactive road 
segments.  This table, called DISCONTINUED, should be in the form of Table 7.1 and include 
an LRS ID, a From Measure, a To Measure, as well as any additional attributes.  Milepost 
references are used to identify the starting and ending mileposts of the inactive road segments.  
Instead of providing linear attributes as shown in Table 7.1, the DISCONTINUED table can 
contain such as the date the road segment went out of service, an anticipated return to service 
date, or any other suitable information. 
 
7.8 PROPOSED METHODOLOGY FOR IMPLEMENTING COMMON LRS ROUTE-

SYSTEM 
 
One aspect of the proposed LRS system that has not been covered by Geo Decisions or NCDOT 
is a methodology for defining the LRS routes and assigning unique LRS-ID’s and mileposts.  
This section proposes one method that could be used.  It should be noted that the LRS solution 
should work regardless of the methodology used to assign the unique ID’s and all future 

additions to the system will likely compromise the system used from the outset.  The following is 
one proposed methodology: 
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1) Break the State’s network into a series of route segments.  Choose the longest 

routes and isolate them first.  A selected route may possess one or more posted 
routes for a portion of its length.  A selected route should have no breaks in its 
path.  That is, the route should be continuous from its beginning point to its 
termination point. 
 

2) Begin assigning LRS-ID’s to route segments sequentially, beginning with US 
Interstates. 
 
Number the routes using the following hierarchy: 
 

a) Interstates** 
b) US Routes 
c) State Routes 
d) Secondary Roads 
e) All others 

 
**Note:  Ramps and bypasses are to be treated separately and in accordance with 
the prescribed hierarchy, i.e., they are completed for interstates before they are 
completed for US Routes. 
 

3) Within each hierarchy number LRS routes from West to East.  That is, if two LRS 
route segments are on the same hierarchical level the LRS route segment that 
begins the farthest to the West should be numbered first. If this method is not used 
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LRS routes segments can be assigned an identification number in an arbitrary 
manner. 
 

4) Assign milepost measures to point features and linear features.  Milepost 
measures are to begin at the western or southern most end of the LRS route 
segment.  Therefore, milepost references increase moving northeast.  If a LRS 
route is a loop, number mileposts at an intersection the farthest southwest and 
begin by proceeding in a northeasterly direction. 
 

5) Assign nodes and Node ID’s to intersections and county boundaries.  Assign 
Node ID’s sequentially from zero moving from the South and West to the North 
and East.  Reference each node with a milepost. 
 

6) Make sure to assign only one LRS-ID for a given route segment.  Do not assign a 
unique LRS-ID to each posted route because there may be a road segment that has 
more than one posted route (see road segment at Graham).  In fact, aside from the 
route hierarchy of item 2, selection of LRS routes and assignment of LRS-ID’s 
has nothing to do with posted routes. 
 

7) Create a table, such as table 7.4, that lists each route with its LRS-ID and all of its 
corresponding posted routes.  Use milepost measures to identify the portion of 
roadway that uses the specified posted route. 

 
8) Finally, create a tables, such as tables 7.5 and 7.6, that contain Node ID’s for all 

intersections and county boundaries.  These tables are needed since each LRS 
route and posted route begin and end with a specific node. 

 
The preceding methodology is not the only solution for assigning unique ID’s and mileposts.  
There are several ways in which this could be accomplished.  However, the key remains that one 
unique ID represents each segment of road in the route system.  If this rule is enforced there 
should be no problem in representing the data satisfactorily. 
 
Figures 6 through 18 in the Appendix provide a step-by-step demonstration of the proposed 
methodology.  LRS route segments are identified and numbered one at a time until the entire 
route-system is constructed for the section area.  It should be noted that only Interstates, US 
Routes, and State Routes were included for simplicity. 
 
7.9 JOINING TABLES WITH DIFFERENT ATTRIBUTES 
 
Once the unified database has been populated with data, users will want to query specific data 
items, often in combination with other data items.  The database must be capable of bringing data 
together from different tables.  Each data item will have a corresponding milepost reference.  In a 
normal “join” operation, it is simple to bring two or more tables together using a common 
primary key.  However, in the case of the unified database, attributes are referenced by an LRS-
ID and by milepost measures.  It will rarely be the case when two data types can be referenced to 
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exactly the same mileposts.  Therefore, a special type of “join” operation must be performed in 
order to bring data types together from different tables.  We call this an LRS Join. 
 
7.9.1 Sample Join Operation 
 
Figures 3, 4, and 5 in the Appendix provide a visual representation of different data types 
occupying the same road segment.  Milepost measurements are used to reference each data type 
on an LRS route.  Figure 3 shows the pavement condition at referenced mileposts for each LRS 
route.  The data for this pavement condition scenario was previously presented in Table 7.8 and 
is reproduced here in Table 7.10 for reader convenience.  Figure 4 shows the pavement width at 
referenced mileposts for each LRS route and the data for this scenario is presented in Table 7.11. 
 
There are many plausible queries that may be issued to the database with respect to pavement 
condition and width.  For example, if a user asks “What are the roads having poor pavement 
condition and a width of 26 feet?” the computer must match the keywords “pavement condition” 
and “pavement width” with the tables containing the segmented information (Tables 7.10, 7.11).   
 
Next, a select operation must be performed to identify and extract all rows from Tables 7.10 and 
7.11 showing a “poor” pavement condition and a “26-ft” pavement width. The candidate rows 
for the query are shown highlighted in Tables 7.10 and 7.11.  Tables 7.12 and 7.13 are new 
tables created based on the selection criteria.  These tables contain all instances where there are 
“poor” pavement conditions and “26-ft” pavement widths. 
 
Next, an overlay algorithm is used to join the tables containing the selected pavement condition 
data and the selected pavement width data into a new topological division where the values of 
interest occur together in the same segment (Figure 5, Appendix).  This overlap of data is then 
returned to the user in the form of a combined table as shown in Table 7.14.  Thus, the answer to 
the query has been provided with the assistance of the LRS. 

 
Table 7.10 – PAVEMENT CONDITION 

LRS ID From Measure To Measure Pavement 
Condition 

515 0.00 1.00 Good 
623 68.00 69.40 Moderate 
623 69.40 71.50 Good 
624 105.00 106.70 Good 
624 106.70 108.50 Excellent 
742 25.00 26.45 Poor 
742 26.45 26.80 Moderate 
742 26.80 27.25 Poor 

 
Table 7.11 – PAVEMENT WIDTH 

LRS-ID From Measure To Measure Pavement 
Width 

515 0.00 0.50 26’ 
515 0.50 1.00 28’ 
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623 68.00 68.55 26’ 
623 68.55 69.20 28’ 
623 69.20 70.80 26’ 
623 70.80 71.50 28’ 
624 105.00 105.45 26’ 
624 105.45 106.20 28’ 
624 106.20 108.50 26’ 
742 25.00 25.70 24’ 
742 25.70 27.00 26’ 
742 27.00 27.25 28’ 

 
Table 7.12 – “SELECTED” PAVEMENT CONDITION (TABLE A) 

LRS ID From Measure To Measure Pavement 
Condition 

742 25.00 26.45 Poor 
742 26.80 27.25 Poor 

 
Table 7.13 – “SELECTED” PAVEMENT WIDTH (TABLE B) 

LRS-ID From Measure To Measure Pavement 
Width 

515 0.00 0.50 26’ 
623 68.00 68.55 26’ 
623 69.20 70.80 26’ 
624 105.00 105.45 26’ 
624 106.20 108.50 26’ 
742 25.70 27.00 26’ 

 
Table 7.14 – COMBINED TABLE 

LRS-ID From Measure To Measure Pavement 
Condition 

Pavement 
Width 

742 25.70 26.45 Poor 26’ 
742 26.80 27.00 Poor 26’ 

 
7.9.2 LRS Join Algorithm 
 
The algorithm mentioned in the previous section can be used to join Tables 7.12 and 7.13 into a 
combined table such as Table 7.14.  The algorithm simply compares the mileposts for a given 
LRS-ID from each selected table and returns an answer to the query based on the result of the 
comparisons.  This section illustrates the mathematics of the LRS Join. 
 
In order to compare the mileposts from the selected tables (Tables 7.12 and 7.13), a series of 
operations must be performed.  However, the operations will only be performed where there is a 
match between the LRS-ID’s.  That is, the operations will only be executed when a row from 
Table 7.13 has the same LRS-ID as a row from Table 7.12.  For demonstration purposes, Table 
7.12 will be referred to as table “A” and Table 7.13 will be referred to as Table “B.”  Thus, when 
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the letter “A” precedes a milepost, it refers to a milepost from table 7.12, and when the letter “B” 
precedes a milepost, it refers to a milepost from table 7.13.  For example, “A MP1” refers to the 
From Measure field in Table 7.12. 
 
Each of the comparisons that follow has a logical answer (True or False).  The comparisons 
include: 
 
1) B MP1 < A MP1 
2) B MP1 > A MP1 
3) B MP1 Ω A MP1 
4) B MP1 ∆ A MP1 
5) B MP2 < A MP1 
6) B MP2 > A MP1 
7) B MP2 Ω A MP1 
8) B MP2 ∆ A MP1 

9) B MP1 < A MP2 
10) B MP1 > A MP2 
11) B MP1 Ω A MP2 
12) B MP1 ∆ A MP2 
13) B MP2 < A MP2 
14) B MP2 > A MP2 
15) B MP2 Ω A MP2 
16) B MP2 ∆ A MP2

 
Once the preceding comparisons are completed for the two rows that are being compared, the 
algorithm proceeds to the following set of rules.  When a rule is satisfied where there is an 
intersection of mileposts, a row is added to the combined table (Table 7.14).  The rules are as 
follows: 
 
1) If B MP2 < A MP1, then there is no join. 
2) If B MP1 > A MP2, then there is no join. 
3) If B MP1 ∆ A MP1 and B MP2 Ω A MP2, then the intersection occurs from B MP1 to B 

MP2. 
4) If A MP1 ∆ B MP1 and A MP2 Ω B MP2, then the intersection occurs from A MP1 to A 

MP2. 
5) If B MP1 Ω A MP1, B MP2 ∆ A MP1, and B MP2 Ω A MP2, then the intersection occurs 

from A MP1 to B MP2. 
6) If B MP1 ∆ A MP1, B MP1 Ω A MP2, and B MP2 ∆ A MP2, then intersection occurs from B 

MP1 to A MP2. 
 
In English, the following interpretations are associated with these conditions. 
 
1) The segments do not intersect and segment B occurs before segment A. 
2) The segments do not intersect and segment A occurs before segment B. 
3) Segment B is wholly contained within segment A. 
4) Segment A is wholly contained within segment B. 
5) B MP1 is positioned ahead of A MP1, B MP2 is positioned after A MP1, and A MP2 is 

positioned after B MP2.  Therefore, segments A and B overlap from A MP1 to B MP2. 
6) A MP1 is positioned ahead of B MP1, B MP1 is positioned before A MP2, and B MP2 is 

positioned after A MP2.  Therefore, segments A and B overlap from B MP1 to A MP2. 
 
One at a time, each set of mileposts from B is compared to each set of mileposts from A (having 
the same LRS-ID) using the comparisons and rules shown above.   After the first set of mileposts 
from B has been compared to each set of mileposts from A, the second set of mileposts from B is 
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compared to each set of mileposts from A, and so on.  After all sets of mileposts from B have 
been compared to each set of mileposts from A, the algorithm terminates. 
 
7.9.3 LRS Join Example 
 
The following example is intended to help clarify the algorithm introduced in the previous 
section.  Figure 7.9 graphically shows the intersection of mileposts from Tables 7.12 and 7.13.  
The information provided here matches the information provided in Table 7.14. 
 

Figure 7.9 – Intersection of Mileposts 

 
In the first step of the algorithm, row 1 from B (Table 7.13) is compared to row 1 from A (Table 
7.12).  Since the LRS-ID’s do not match, no further comparisons are made.  Next, row 1 from B 
is compared to row 2 from A.  Again, the LRS-ID’s do not match so the algorithm proceeds to 
row 2 of B.  This process proceeds until there finally is an LRS-ID match between row 6 of B 
and row 1 of A.  Now, the logical comparisons, enumerated in the previous section, are executed.  
The results of the comparisons are as follows: 
 
1) B MP1 < A MP1 - False 
2) B MP1 > A MP1 - True 
3) B MP1 Ω A MP1 - False 
4) B MP1 ∆ A MP1 - True 
5) B MP2 < A MP1 - False 
6) B MP2 > A MP1 - True 
7) B MP2 Ω A MP1 - False 
8) B MP2 ∆ A MP1 - True 

9) B MP1 < A MP2 - True 
10) B MP1 > A MP2 - False 
11) B MP1 Ω A MP2 - True 
12) B MP1 ∆ A MP2 - False 
13) B MP2 < A MP2 - False 
14) B MP2 > A MP2 - True 
15) B MP2 Ω A MP2 - False 
16) B MP2 ∆ A MP2 – True

 
Next, the algorithm moves to the rules that define the possible intersections between the rows 
from the two tables.  Based on the logical comparisons presented above, the rules are applied as 
follows: 
 
1) Is B MP2 < A MP1? No. 
2) Is B MP1 > A MP2? No. Therefore, because both rules (1) and (2) are false, a join must 

occur. 

Poor Poor
25.00 26.45 26.80 27.25

25.70 27.00
26-ft

25.70 26.45 26.80 27.00
Poor/26-ft Poor/26-ft

 

A A 

B 
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3) Is B MP1 ∆ A MP1 and B MP2 Ω A MP2? No.  Therefore, there is no complete intersection 
from B MP1 to B MP2. 

4) Is A MP1 ∆ B MP1 and A MP2 Ω B MP2? No.  Therefore, there is no complete intersection 
from A MP1 to A MP2. 

5) Is B MP1 Ω A MP1, B MP2 ∆ A MP1, and B MP2 Ω A MP2? No.  Therefore, there is no 
complete intersection from A MP1 to B MP2. 

6) Is B MP1 ∆ A MP1, B MP1 Ω A MP2, and B MP2 ∆ A MP2? Yes.  Therefore, an intersection 
occurs from B MP1 to A MP2. 

 
At this point, the first row of the combined table (Table 7.14) is full.  Next, row 6 from B is 
compared to row 2 of A and the rules are applied as shown above.  After row 6 from B is 
compared to row 2 of A, and the rules applied, there are no more rows to compare and the 
algorithm terminates. 
 
This example only compared two tables.  In reality, a query may involve the selection and 
joining of three or more tables.  In that case, the preceding algorithm must be revised to 
compensate for the additional table(s).  This will involve a more complex operation.  However, it 
will involve the same basic steps outlined in sections 7.9.2 and 7.9.3. 
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8.0 KEY RECOMMENDATIONS AND SUMMARY 
 
8.1 KEY RECOMMENDATIONS 
 
Before the proposed LRS route-system can be adopted by NCDOT and before work can begin on 
implementing the unified database, a number of issues must be resolved.  Many of these issues 
are beyond the scope of this report and may require extensive additional studies. 
 
It should be emphasized that this report presents a template database.  The real database will not 
exist until it is actually built.  Therefore, this report should be viewed as a road map for the 
construction of that database. 
 
The following is a compilation of recommendations that have arisen in the preparation of this 
report.  Some of these issues will require much thought and deliberation before any action is 
taken.  The recommendations are not presented in any order of importance or significance. 
 

1. As described in section 5.5, The Ordinance database and the Universe File 
should be integrated so that the similar data these sources contain is located in 
one place.  This will eliminate duplicate data items and data discrepancies.  
The Ordinance database is more accurate than the Universe File in terms of 
recording actual field characteristics.  Adopting the Ordinance database’s 
level of accuracy will help to serve those requesting data in a much better 
fashion. 
 

2. All units should seriously consider converting their relational databases to 
ORACLE as soon as possible in order to make the transition to the unified 
database easier and more universally accepted.  There are several databases 
currently in use, including ACCESS, ORACLE, PARADOX, DBASE, etc.  
Switching to ORACLE is not a monumental task since each database program 
operates on the same basic principles and uses Standard Query Language 
(SQL) as a base.  Converting to ORACLE now will enable personnel to 
become familiar with the program and facilitate the future transition to the 
unified database. 
 

3. All stakeholders participating in the unified database need to adopt the 
standard unique ID and milepost topological structure and convert their data 
to fit both the relational model and the proposed LRS structure.  This report 
has provided a basic relational structure that can be used as a template or as an 
internal structure for their data.  These relational structures can be followed as 
a guideline and modified to support each unit’s needs. 
 

4. There needs to be an overall examination of existing databases across business 
unit boundaries to identify and eliminate the duplication of data.  Data 
duplication may occur in several areas, including data collection, data 
processing, and data storage.  Identifying duplicate data items will increase 
the overall efficiency of the data correction process.  That is, when changes 
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must be made to the system, these changes will only have to be made in one 
place. 
 

5. There must be an extensive exploration of the process involved in populating 
ARC/INFO with the attributes currently stored in the various stakeholders’ 
databases.  The current plan has the Mapping Section using PMU’s Link-ID’s 
as a primary key that relates data from the PMU’s and GIS Unit’s databases 
into ARC/INFO.  Although this method is theoretically sound, it ignores that 
only roadway intersections and county boundaries have nodes in the proposed 
LRS route-system.  Two solutions must be assessed: 1) PMU needs to change 
its internal topology to match the proposed LRS solution, or 2) The proposed 
LRS must be modified to include intermediate LRS nodes that are currently 
part of the PMU topology. 

 
8.2 FUTURE WORK 
 
The initial objective of the work described in this report is to build a route system and database 
for all state maintained roads.  However, ultimately, all other roads in the state should be 
incorporated.  It is particularly critical, for accident analysis for example, to include data 
pertaining to cities and towns. 
 
When these entities are brought into the network database additional issues will need to be 
considered regarding data, such as street names, addresses, and GPS units.  Although we believe 
that these data are accounted for in the present proposal outlined herein, additional consideration 
should be given to them at the time of their inclusion. 
 
When cities and towns are under consideration for inclusion, one key question will be where the 
data will come from to build their portion of the database.  Significant help may come from the 
major metropolitan areas themselves.  Additionally, significant use may be made of the 
Transportation Information Management System under development at North Carolina State 
University by ITRE.  Although used primarily for school bus routing and scheduling statewide, 
and although it is not particularly spatially accurate, it does provide significant roadway topology 
data and may be, in many circumstances outside metropolitan areas, the best source of data at the 
present time. 
 
8.3 SUMMARY 
 
This report has provided a detailed examination of the data structures currently used by NCDOT 
and has proposed a relational data structure to be used in the development of the unified 
database.  Key to the development of the unified database is adoption of the proposed Linear 
Referencing System (LRS) that has already been suggested by Geo Decisions. 
 
Several steps were involved in the development of this report.  The first step was to review the 
proposed LRS and fully understand how the system works and should be implemented.  The 
second step involved reviewing the existing data structures of the various business units involved 
in the unified database.  This step was performed through the examination notes and reports from 
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the various business units and through a series of meetings and interviews of personnel from 
each unit involved.  The third step was to create a series of well-structured relational database 
tables from the data that had been identified from each business unit.  Finally, the fourth and 
most important step was to link the business unit data to a spatial topology based on the proposed 
LRS and ensure its compatibility with the GIS Unit’s ARC/INFO software. 
 
There are many issues beyond the scope of this report that must be addressed prior to the 
implementation of the unified database.  Most of these issues are detailed in the Key 
Recommendations section.  However, this report can be used as a guide for the initial 
development of the unified database.  The data has been examined from every angle and 
essentially all that remains is the population of the database and linking it to ARC/INFO.  These 
tasks will require a resource commitment within NCDOT, but the overall benefit should far 
exceed the amount of effort required to complete the database. The unified database should 
enable NCDOT to meet its information needs into the next century, and should well serve other 
users of the information. 
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