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Chapter 1. Introduction

1.1 The Need for a Gl SImplementation Plan for TXDOT PMIS

Pavements represent a critical component of the U.S. highway transportation
infrastructure. Billions of dollars are spent annually on maintaining and rehabilitating pavements.
However, deteriorating pavement conditions, increasing traffic loads, and limited funds present a
complex chalenge for pavement maintenance and rehabilitation activities. Pavement
management systems (PMS) have been developed to cope with these challenges in amost every
state during the last two decades. A PMS is developed to identify maintenance needs, help
alocate funds, support decision-making, and maintain good pavement conditions under the
constraint of limited funds. The Pavement Management Information System (PMIS) is the PMS
used in the Texas Department of Transportation (TXDOT).

PMIS is an automated system for storing, retrieving, analyzing, and reporting information
needed to support pavement-related decision-making within TxDOT (Ref 1). Although it has
worked well in serving its original objectives, the TXDOT PMIS is faced with new challenges
arising from diverse data, technologies, and systems and from the resulting inefficient
information exchange within the department. The adoption of geographic information systems
(GIS) can help overcome these challengesif it is carefully planned and implemented.

Because of their diverse applications, geographic information systems have been
varioudly defined. The Environmental Systems Research Institute (ESRI) (Ref 2) defines a GIS
as “a computer-based tool for mapping and analyzing things that exist and events that happen on
Earth.” GIS technology integrates such common database operations as query and statistical
analysis with the unique visualization and geographic analysis benefits offered by maps. These
abilities distinguish GIS from other information systems and make it valuable to a wide range of
public and private enterprises for explaining events, predicting outcomes, and planning
strategies. The Pennsylvania Department of Transportation (PennDOT) (Ref 3) defines GIS as
“an automated system designed to alow users to more easily filter, manage, analyze, display and

share |location-oriented data and associated explanatory information.”
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Dueker and Kjerne (Ref 4) assign another definition to GIS, calling it “a system of
hardware, software, data, people, organizations, and institutional arrangements for collecting,
storing, analyzing, and disseminating information about areas of the earth.” It employs the
element of geography to integrate, organize, and analyze information effectively. The most
important benefits for applying GIS to any project generally stem from the following two major
groups of GIS functions:

1) To provide a user-friendly database so that a wide variety of data can be accessed

easily, manipulated visually, analyzed spatially, and presented graphically.

2) To serve as alogical, coherent, and consistent platform so that diverse databases can

be integrated and shared among various divisions of an agency.

Integrating a GIS with an existing TXDOT PMIS is not as simple as merely installing a
new piece of software into the existing PMIS and then operating it. A successful GIS
implementation involves not only the information technologies themselves but also other
elements such as personnel and their GIS skills, the organizational structure within which they
work, and the institutional relationships that govern the management of information flow. All of
these elements need to be managed in an interactive manner. GIS can serve as a platform for
integrating various types of data, systems, and technologies. Because of the nature of rapid
changes in GIS and related information technology, a well-developed GIS implementation plan
isessentia for the following reasons:

1) To reduce the chance of making mistakes.

2) To provide for an integrated management of the various aspects of data issues,

computing environment, organizational structure, staff behavior, and information

technology application.

3) To provide areliable platform for dealing with unexpected issues.

The specific benefits of the GIS implementation plan for TXDOT PMIS are outlined as

follows;



1.2 Objectives and Scope of Implementation Plan for TXDOT PMIS

1) It can provide early warnings of potential problems and serve as the basis for
understanding the implications and identifying the solutions.

2) It can help define goals and future directions for the GIS program.

3) It permits the project manager and related staff to proceed with confidence, which
improves productivity and efficiency.

4) It provides guidelines for an organized, systematic, and efficient implementation of
this new technology so that all the components of a complex system work well

together.

5) It can serve as a background for developing budget requests and staff requirements to
ensure that the present and future needs of all users will be met through the proposed
GIS.

6) It can help justify the program and provide top-level managers with the level of

understanding and confidence needed to approve the program.

1.2 Objectivesand Scope of Implementation Plan for TXDOT PMIS

The objective of this plan is to provide guidance to TxDOT as it implements GIS to
enhance PMIS. This guidance includes step-by-step procedures, standards, and guidelines. The
focus of the implementation plan is the identification and selection of GIS activities and
resources that are essential for improvement of existing PMIS activities.

The Information Systems Division (ISD) in TXDOT has developed a Core Technology
Architecture and a GIS Architecture to define the information technology directions, standards,
policies, and procedures for adopting GIS and other computer applications in TXDOT. The GIS
implementation plan should be compatible with the Core Technology Architecture.

During the last five years, the Center for Transportation Research (CTR), The University
of Texas at Austin, has been conducting research on the use of GIS for the management of
roadways, airports, and urban infrastructure. The findings from these research efforts suggest
that certain issues must be considered in recommending a GIS. These issues include:

1) The recommendations must be consistent with the established computation

environment and long-term development plan of TxDOT.
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2) The recommended GIS must have the capabilities to satisfy the defined user
requirements and minimize conflict with the legacy systems that will be retained by
TxDOT.

3) The interface between the recommended GIS and PMIS should be easy to establish,
and the recommended GIS should be able to utilize the existing database(s) either
directly or through inexpensive data conversions.

4) The recommended GIS should allow operations to be carried out at severa levels of
sophistication.

5) The recommended GIS should be easy to learn and have excellent customer support
from the vendor(s).

1.3 Organization of GIS Implementation Plan for TXDOT PMIS

The implementation plan consists of ten chapters. Chapter 1 provides an introduction to the
background, purposes, objectives, benefits, and organization of this implementation plan. Chapter 2
describes the overall process for implementing a GI S and discusses other important issues. Chapter 3
outlines the present status of TXDOT PMIS and related systems and the future GIS application needs
for PMIS. Chapter 4 identifies needed spatial and attribute data. The quality of spatial datais critical
for practical use of a GIS. Chapter 5 describes the computing environment for operating GIS for
PMIS, which includes the evaluation and selection of GIS software and hardware, database
management software, CADD, etc. Chapter 6 discusses the personnel and skills needed to create, use,
and maintain the GIS-based PMIS. The type and the number of staff and the necessary training
program are also covered. Chapter 7 discusses the necessary organizational structure and the locus of
GIS expertise that best suit the needs of GIS-PMIS. Some important institutional issues are also
explained. Chapter 8 discusses several ways to integrate GIS with PMIS. Several technologies that
are important for successful implementation of GIS for PMIS are also covered. Chapter 9 documents
the pilot implementation project conducted with the Odessa district. Mgjor issues related to pilot
implementation are explained. Finally, Chapter 10 summarizes the important research findings of the

project. Future research areas are recommended based on the research results from this project.



Chapter 2. The Overall Processfor Implementing GISfor PMIS

2.1 TheProcessfor Implementinga GlISfor PMIS

As shown in Figure 2.1, a GIS is composed of four elements that are indispensable for a
successful GIS implementation:

1) Useful and accurate data must be available for analysis.

2) An efficient computing environment must be configured to manage data and

perform analysis effectively.

3) People are needed to develop, use, and maintain the GIS applications.
4) Finaly, organizations and institutional arrangements must be prepared to adopt
the technology.

Computing Environment | Data
(hardware, software, (Spatial data,
operating systems, etc.) | attribute data,
multimedia, etc.)

(s )

People (GIS managers, Organizations and
GIS technicians, users, Institutional Arrangements
etc.)

Figure2.1 The componentsof a geographic information system (GIS)
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Figure 2.1 shows that GI'S technology cannot be implemented properly if key elements
are isolated from one another. Insufficient attention to any of these four components can lead to
implementation failures. For best results, the four components must be considered
systematically, with particular attention paid to their interaction.

Figure 2.2 shows the two interacting paths for implementing a GIS for any agency (Ref
5). Thefirst path is the planning and design of a GIS implementation, in which existing resources
(computing environment, data, staff and skills, organizational structures, and institutional
arrangements) and limitations are analyzed and some potential GIS activities are identified and
selected.

The order in which these four components are addressed is important. The first step isto
study existing PMIS resources and assess the different levels of user needs. The second step is to
identify the expected products or outputs that can satisfy the agency needs. The third step is to
identify the data (attributes, accuracy, scale, detail, etc.) required to produce the desired outpui.
Data requirements influence the type of software and hardware required for data processing and
management. The complexity of hardware, software, and data inputs, as well as required future
applications, will determine the personnel skills needed to develop, use, and maintain the GIS
application. Finally, organizational policies are required to ensure that the whole system is
developed and works in a coherent, consistent manner. These various components can be
addressed concurrently, but it isimportant that they not be handled in reverse order.

The second implementation path is based on the results of the first path, but the order of
components is reversed. First, organizationa policies are established to provide a suitable
environment for the implementation of GIS. Second, personnel must be trained or hired to
develop, use, and manage the system. Third, hardware must be acquired, and software must be
installed in the hardware. Fourth, data are developed and loaded into the system. Finaly,
applications can be developed to serve the needs of the agency.



Study existing

Final products

resources and
or niitniite

Feedback and

ongoing update

Path 1: The order in which components are addressed

Staffing and Organizational

Data 4mm)  Software | Hardware ) training | G policies and

Path 2: The order in which components are implemented
<

Figure 2.2 The whole process of implementing GISfor PMISfor TxDOT
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There will be a time delay between the end of implementation processes and the actual
operation of the system. The focus of the work during this period will change from planning,
design, and implementation to budgeting, managing projects, managing people, and delivering
products to the users (Ref 6).

Because information technologies advance quickly, it is important to monitor the
implementation process frequently and adjust the GIS implementation plan according to changes

in the four GIS components.

2.2 Critical Issues Related to I mplementing GISfor PMIS

Several issues are critical throughout the whole implementation process. The first is the
involvement of both management personnel and technical personnel (Ref 7). The management
personnel have overall responsibility for deciding future GIS directions. The technical personnel
are responsible for designing and implementing GIS. Both managerial and technical personnel
should be involved in order for the technology to fit the needs of the agency well. Past
experience with successful GIS implementations has revealed the presence of two key
individuals called the “sponsor” and the “champion” (Ref 8). The sponsor is a manager at the
department or division chief level. The person has budget authority and is a member of the
management implementation team. The sponsor must create the conditions for potential
champions to emerge, must be able to recognize them when they do, and must be able to support
them. A champion is atechnical manager, often in a user division. He or sheis atechnical |eader
who has vision, devotion, and enthusiasm and works well with people. This person leads the
technical implementation team and is probably also a top candidate for the director of the core
staff. The champion seeks the approval of the sponsor for initiatives and procurements.

The second key issue concerns multiple technologies. GIS is not the only technology that
should be incorporated in an information technology plan. There are other information
technologies that must be coherently integrated with GIS efficiency and effectiveness
(Ref 7).

The third key issue concerns ever-evolving technology changes. Information technologies
related to GIS are changing rapidly, making them difficult to plan and predict. The GIS
implementation plan should be a“live” document. When any changes in the four components of
a GIS take place, the plan must be updated to reflect the changes (Ref 7).



2.2 Critical Issues Related to Implementing GIS for PMIS

The last key issue involves data and systems integration. The data integration problem is
especialy important for GIS technology adoption. Because the costs of geographic data
acquisition and maintenance are high, there is a legitimate need for the data to be shared across
applications. As an integration platform, GIS has the potentia to integrate different systems
across the department, making information flow more efficiently.

Attention should be given to several specific procedures as outlined in the following
sections.

1) Assess current status of PMIS: It will be very important to make a careful
assessment of the current status of PMIS before GIS implementation takes place
because most of the existing data, staff, and system will have to be used during the
transition process. Meanwhile, PMIS activities that have the potential to be improved
by GIS operations need to be identified at both the network level and the project
level. Correspondingly, potential GIS activities that can be used to improve existing
PMIS must also be identified and prioritized.

2) ldentify the products or outputs: In this step, goals and objectives must be
developed. The goas provide a broad policy framework, within which GIS will be
planned and implemented for PMIS. For example, the GIS should:

(a) maximizethe level of integration with the corporate information systems strategy;

(b) minimize the staff requirements;

(c) facilitate education and training;

(d) provide the widest range of functionality; and

(e) provide the highest degree of flexibility in the data architecture. The objectives
are more specific statements of how each goal is to be achieved.

3) Identify the type of data: The data needed include spatial data (base map) and
attribute data. First, the suitability of the current TxDOT digital base maps for PMIS,
especiadly for the accuracy level of the digital base map, has to be evaluated. During
this process, those responsible for the GIS implementation should consider future
applications of GIS and the availability of data. Furthermore, strategies for
maintaining the quality of the database need to be established early.
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4)

5)

6)

Evaluate and select software: GIS software provides the functions necessary to
assist an organization addressing its objectives. The criteria used to evauate given
GIS software will depend on its ability to serve GIS functions. A GIS software
package may be very strong in certain areas but provide only satisfactory functionsin
other areas. It is impossible for any GIS software package to provide the strongest
functions in every area. However, it is recommended that only one GIS software
package be used for al GIS applications for the following reasons:

(&) Therewill be no compatibility problemsif only one GIS software packageis
employed.

(b) The GIS staff will become experts by using one package; therefore, they can
provide adequate support for both maintenance and devel opment of GIS
applications within TxDOT.

(c) This single software application will reduce training costs and time. If more than
one software package must be used, care should be taken to ensure that data and
information can be readily transferred from one package to another.

Evaluate and select hardware: The types of software and the amount of data will

help determine the hardware needs such as CPU, hard drive, and memory

requirements. With the advancement of computer technology, the costs of hardware
have declined dramatically and will continue to do so.

Evaluate personnel skills and training needs: It is important to realize the special

nature of staffing. In an organization-wide implementation, there are likely to be three

levels of GIS staff and users.

(8) Core dtaff are responsible for spatial database design and development,
establishment of standards, training, low-level programming, and application
development. The core staff should normally be within the Information Systems
Division (I1SD).

(b) Master users participate with the core staff in application design and do high-level
(macro language) application development. Master users are attached to user

divisions such as the Pavements Section.
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(c) Other users are trained only in the use of fully developed applications. They are
an organization's daily users, from entry-level planners and engineers to top
management.

Corresponding to the three levels of staff in an organization is the need for three levels of

training:

(@) Core staff must be intensely trained until they are adept at database and
application design as well as GIS programming.

(b) Master users must be trained until they are comfortable with the high-level
programming or macro languages of the GIS.

(c) Other users must be trained to the degree until they are comfortable with the
applications and management so that they can make routine use of the system
(Ref 8).

Although some training programs are available from vendors, universities, and other
training providers, large transportation agencies like TxDOT should consider developing their
own internal training services.

7) Organizational policies and procedures. They are needed for a successful

implementation of GIS for PMIS depend upon the organizational structure and the
locus of GIS expertise that best suit the department’s GIS needs. The options

available include:

3) Centralized support for decentralized applications: Specific applications are
operated and maintained in division/district offices but are supported by a
centralized office in the areas of software updating, personnel training, and other

technical assistance needs.

4) Centralized support for centralized applications. All applications are devel oped
and maintained by a centralized office. Division/district offices have access to the
applications for usage but have no control over them.

5) Decentralized support for decentralized applications: All applications are
controlled completely by the division/district offices based on their needs.

11
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2.3 The Three-Stage I mplementation Concept

A three-stage implementation concept is useful for implementing a GIS. The three stages
include the current, intermediate, and ideal stages. Assessing the resources at the current stage is
important because this stage is the point from which everything starts. The ideal system is the
visonary system for the future. It represents the ideal system and procedure for the agency
without being compromised because of any constraints or limitations. In other words, the ideal
system is the optimal one technically, although it may not be the one politically feasible in every
aspect. It isthe best goal. However, there are always trade-offs between the ideal systems and the
actual resources available in making recommendations for each GIS component. Therefore, it is
critical that the implementation plan cover not only the current status analysis and the ideal
future directions, but also the process of effectively and efficiently conducting the transition from
the current state to the ideal system. The intermediate solution is the bridge between the current
status and the ideal system, asillustrated in Figure 2.3. The bridge has to be smooth at both ends.

Stage

Intermediate

Current

Time

Figure 2.3 lllustration of the intermediate solution concept

The following areas in the GIS implementation plan should be addressed with the
intermediate solution concept:

1) GIS-PMIS Functions

2) Data Collections and Management

3) Computing Environment

12
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4) GIS Staff and Training
5) Organizational Structure and Policy
6) Integration of GIS with PMIS

13






Chapter 3. Determining Potential GIS Operationsfor PMIS
and I dentifying the Final Products

3.1 Primary GIS Operations
Table 3.1 summarizes five primary GIS categories of operations or tasks. They are as
follows:
Data Entry
Manage, Transform, and Transfer Data
As an Integration Platform and a Common Location Reference System

Query and Analysis

o d w DR

Display and Report
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Table 3.1 Primary GI S operations

Manage, Transform, and
Transfer Data

CATEGORY SUBCATEGORY
Digitizing
Scanning (automatic or semiautomatic)
Global Positioning System
Digital Cameras, Remote Sensing
Data Entry Stereo Plotter
Photogrammetric Stations
COGO
Voice
Keyboard, etc.
Storage Data

Access, Retrieve, and Edit Data

Handle Raster and Vector Data and Convert
Between Them
Search and Sort Data

Classify and Reclassify Data

Data Import and Export
% Traditional media (tape, disk, CD-ROM)
% Network transfer

Map Projection

Spatial Data Exchange

Geocoding

As an Integration Platform
and a Common Location
Reference System

Integrate Different Systems
Integrate Different Processes

Integrate Different Technologies
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Table 3.1 Primary GIS operations (continued)

CATEGORY

SUB-CATEGORY

Query and Analysis

Point-and-Click Queries

Logical Query

Spatial and Attribute Query

Spatial Analysis

Buffering

Network Analysis

e Dynamic segmentation

e Network overlay

e Other (shortest path analysis, optimum
tour routing)

Polygon Overlay

Display and Report

Onscreen Display
e Thematic mapping
% Attributes classification
++ Color-coding or patterning
attributes, such as pavement
condition
e Zoom in, zoom out, pan, etc.
Layout and Report (maps, tables, charts,
and statistics, etc.)

e Cartographic output
e Thematic mapping
¢ Attributes classification
++ Color-coding or patterning
attributes, such as pavement
condition
Static vs. Dynamic
Multimedia
e Video-logging
e Photo-logging
I nter net

17
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3.1.1 DataEntry

Before data can be used in a GIS, they must be in a compatible digital format, which may
require system conversions from such existing formats as hard-copy maps, tables of attributes,
aerial photos, and satellite imagery. Digitizing is a widely used method for converting data from
non-digital sources into computer files. Modern computer technology can automate this process
using scanning technology; small jobs may require manua digitizing. In addition to these two
primary methods, existing digital files can be loaded directly into a GIS. The following data
entry methods can aso be used to support GIS:

» Global Positioning System (GPS) receivers and other electrical data collectors

providing spatial data information directly in electrical format can be used to support
GIS.

» Digital cameras and remote sensing technology capture digital images directly in

raster form.

» Photogrammetric stations and coordinate geometry (COGO) from field surveys

are also used for dataentry for GIS.

18
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3.1.2 Manage, Transform, and Transfer Data

Access and retrieve operations on both spatial and nonspatial data involve selective
searches of databases and output of retrieved data in response to various queries. Queries can be
made by location or by characteristics.

Editing includes zooming and panning, adding, deleting, copying, moving, and
transforming objects by pointing, by encompassing data within an area, or by manipulating data
with attribute values.

Spatial and nonspatial data management typically includes a GIS package manages
gpatial data with customized software that is linked to a database management system (DBMYS)
for managing attribute data

Spatial data exchange is important for the integration of disparate data sets from
dissimilar computer systems or GIS software. The two basic methods for data exchange between
different GIS are 1) direct conversion of data from one system to another using proprietary
formats and 2) trangdlation of data via a standardized neutral exchange format.

Data transformation is either between data models or between coordinate systems.
Transformations between data models include raster-to-vector conversion and vector-to-raster
converson. Coordinate systems transformation can be 1) arbitrary-to-ground,

2) between geodetic datums, or 3) ground-to-ground (Ref 7).

3.1.3 Asan Integration Platform and a Common L ocation Refer ence System

The most important benefits for applying GIS for any project emerge from its role as an
“integrator” (Ref 8). Transportation management systems have been developed and implemented
by state DOTs in many forms. However, most of these systems were developed and operated as
stand-alone systems. The data structures and computing environments (software, hardware, etc.)
vary tremendously across departments. The incompatibilities among these systems have been
serious obstacles for data sharing and the free flow of information. Since most of the datain al
organization levels, policies, management, and operations are geographically referenced, GIS
makes it possible to link and integrate different systems, processes, and technologies that are
difficult to connect through any other means. GIS is the most effective computerized common

location reference system (Ref 9).
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3.1.4 Query and Analysis

A GIS provides both simple point-and-click query capabilities and sophisticated analysis
tools to provide timely information to users (Ref 7). Query is the process of selecting information
from a GIS by asking spatial or logical questions of the geographic data. Spatial query is the
process of selecting features based on location or spatia relationships. Logical query is the
process of selecting features whose attributes meet specific logical criteria. Analysis is the
process of extracting or creating new information about a set of geographic features. There are
two important types of analysisin GIS: spatial analysis and network analysis.

1) Spatial analysis functions distinguish GIS from other information systems and from

computer-aided drafting (CAD) systems.

2) Network analysis is the most important GIS operation for transportation
applications. Dynamic segmentation and network overlay are two critical network
analysis operations that make possible spatial analysis and integration of highway
inventory databases and any other linearly referenced databases. Dynamic
segmentation is the ability to store attribute data in a single storage item for multiple
and partial segments of graphic elements. If used effectively, it can reduce the data
input and storage requirements.

Polygon overlay operations combine separate spatial databases and at the same time
integrate their attributes. There are three variations: 1) polygon-on-polygon; 2) line-in-polygon;
and 3) point-in-polygon.

The overlay functions (both network overlay and polygon overlay) best exploit the data
integration power of GIS. The purpose of overlay is to combine existing databases in such ways
that new information is created (Ref 7).

3.1.5 Display and Report

A GIS alows users to visually display the results of database queries and pavement
management analyses on a map. Through color-coding of pavement conditions, users can view
network conditions and projected work programs. Integrated with graphs, tables, charts, and
multimedia, maps are very efficient in helping PMIS engineers make the right decisions and

communicate effectively with colleagues and administrators.
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3.2 Current TXxDOT PMISand GIS
The Texas PMIS assists the districts and department in the following (Ref 1):

1)

4)

3)
4)
5)

6)

Planning, consisting in:
» Budgeting.
» Scheduling.
» Prioritizing projects.
Highway design, including:
» Project-level pavement type selection.
» Rehabilitation strategy identification.
» Maintenance.
Maintenance and rehabilitation, incorporating network-level strategy devel opment.
Evaluations covering both the network level and the project level.
Research, encompassing:
» In-house pavement-related studies.
» Contract pavement-related studies.
Reporting, entailing:
» Current condition.
» Future condition.

> Needs.
> Work.

For the senior management level and technical level, the following personnel are directly

or indirectly involved in the operation of PMIS:

1)
2)
3)
4)
5)

District PMIS Coordinator.

District Update Users.

Other District Users.

Design Division, Pavement Section.
Other Division Users.

Asseenin Table 3.2, PMIS is amainframe application. PMIS runs under a combination

of two operating environments. They are 1) District Access Environment (CICS) and 2) Batch
Operating Environment (ROSCOE) (Ref 11). The PMIS is updated from other automated

systems within the department on an annual basis. PMIS receives annual updates from:
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1) Texas Reference Marker (TRM) system maintained by the Transportation Planning
and Programming Division.

2) Road Life System (RLS) maintained by the Transportation Planning and
Programming Division.

3) Maintenance Management Information Systems (MMIS) maintained by the
Maintenance Division.

Table 3.2 Mainframe connectivity (Ref 11)

Mainframe .
_ Capability
Environment

Access PMIS
CICS Generate PM IS Reports
Store Data

View Reports

Print Reports

ROSCOE Upload and Download Data
Store Data

Do ad hoc Reporting

TxDOT isnot actively using GIS at this time, apart from supporting some aspects of the
base map process and some ad hoc application devel opment, such as the El Paso District
Corridor Study and Odessa District video-log data integration. Table 3.3 shows the computing
environment in TXDOT as a mixture of several types of technology, each representing a specific
stage of data processing technology development. The end result is a heterogeneous environment
composed of mainframe computers, RISC chip-based workstations, and PC platforms and their
accompanying operating systems, communication protocols, and software. Furthermore, the
majority of dataisheld in ADABAS and accessed through interfaces programmed in Natural.
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Datatransfer from ADABAS to PC or UNIX-based workstations is accomplished through ASCII
files.

Most pavement management activities can be grouped into two basic working levels:
network level and project level (Ref 10). The primary purpose of the network-level management
activities is to develop a priority program and schedule of rehabilitation, maintenance, or new
pavement construction work within overall budgets. Project-level work comes in at the
appropriate time in the schedule. Table 3.4 shows the PMIS activities for both network level and
project level aggregated and sorted in the order of sequence.

3.3 Improving PMIS Functions through Implementing GIS

A GIS used as a common location reference system and an integration platform makes it
possible to link and integrate different systems, processes, and technologies that are difficult to
associate through any other means. Some improved PMIS functions that can be achieved through

implementing GIS are as follows:

1) Information sharing and communication among different divisions.

2) Reduction in data redundancy.

3) Improvement of organizational integrity by eliminating multiple map set problems.

4) Integration of different software, hardware, systems, and technologies.

5) Cost reduction of data, systems devel opment, and maintenance.

6) Enhanced productivity and improvement of efficiency and effectiveness by doing
more with the same or fewer resources; deriving greater benefits from staff activities;
and making better decisions with knowledge from the review of more alternatives.

7) Effective computerized common location reference system.

8) User friendly interface.
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Table3.3AsisGISin TxDOT (Ref 11)

Operating )
Hardware Networ k DBMS GI S Software Base M ap Referencing System
System
Dumb
Terminals Stand-alone GIS TRMIS, CSM
CLIX CLIX access MGE, Urban .dgn file DFO

_ ADABAS _ _ _
Present | \orkstations (UNIX) FTP access for Microstation 1:24000 scale Statewide routes
PC designfiles <150 ft accuracy

Workstations
Sybase Urban .dgn file
o LRS based on GIS
LAN in District- Products ) ) 1:24000 scale
i Microstation route system
GlISfile server DOQQs-
) ARC/INFO 3040 accuracy
PC Windows MS Access ] 1-30 meters
Future ) ) ArcView )
Workstation NT WAN connection ) resolution )
MapObjects Anchor points or GPS
to central data Data GPS- )
) SDE ] ) to calibrate TRM to
server Warehousing differentially RS

corrected




Table 3.4 Current PMIS activities

Networ k-level PM | S activities

Project-level PMIS activities

Segmentation

Data acquisition and processing
Identification of available resources
Summarization of current status

Identification of present and future
needs

Identification of candidate projects for
improvement

Generation of Maintenance and
Rehabilitation (M&R) aternatives

Analysis of technical and economic
data

Prioritization of M&R alternatives
Budget planning and distribution
Development of M&R programs
Summarization of future status

Justification of budget requests:
Legidators are faced with a variety of
competing requests

Study of effects of less capital

Study of effects of deferring work or
lowering standards

Study of effects of increased load
limits

Study of effects of the implementation
of M&R

Updating of data

Utilization of feedback information to
improve model

Updating of M&R program

Subsectioning

Data acquisition and
processing

Summarization of current
status

Generation of alternatives
Technical and economic
analysis

Selection of best alternatives

Summarization of future
status

Implementation

Effects of implementation
Updating of data
Rescheduling measures

Utilization of feedback to
improve models
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For each GIS operation, there are specific improvements for PMIS users from the

implementation of GIS:

1) Dataentry:

» Collect data more efficiently and accurately as various data collection methods
compatible with GIS become available.

> |dentify omitted or erroneous pavement attributes through visual data verification.

> Verify spatial accuracy through visual spatial data inspection.

2) Query and analysis.

» Obtain the expected new information more efficiently and effectively.
» Reduce data input requirements and data storage requirements.
3) Display and report:
» Make information easier to obtain and more meaningful by investigating data
visualy.
» Encourage better decision-making by obtaining more meaningful information.
» Communicate with public and legislature more efficiently and effectively.
There are three levels of PMIS users who can benefit from applying GIS technology
(Ref 10):

1) Legidative-level users: The issues and questions at the legidlative or elected official
level are fairly broad in scope but have to be recognized by the administrative and
technical levels.

2) Administrative-level users. The administrative and planning people responsible for
developing capital spending and maintenance programs need to recognize and
respond to legidative-level issues and require certain answers from the technical

level, in addition to facing questions at their own level.
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3) Technical-level users. The technical-level people are responsible for providing

answers for both administrative-level users and legislative-level users.

Appendix A (Ref 10) summarizes the improvements from implementing PMIS for

pavement management activitiesin general, as well as some specific improvements for three

different pavement management level users: elected representatives, senior managers, and

technicians. The improvements from the adoption of GIS for PMIS users are also summarized in

Appendix A.

3.4 Ideal GIS-PMIS Activitiesand Corresponding Benefits
Appendix B and Appendix C summarize the GIS operations that have the potential to

improve the existing PMIS activities at both the network level and the project level. For each

PMIS activity, the resulting improvements from the adoption of GIS are summarized in

Appendix A.

3.5 Intermediate Solution and Expected Final Products

The transition from the current TxDOT PM IS to theideal GIS-PMIS should be as

smooth as possible. It is not feasible to implement all the potential GIS-PMIS activities at once.
Theidea GIS-PMIS activities need to be prioritized. One Expert Task Group (ETG) meeting
was held for this purpose at the CTR. During that meeting, practicing engineers from selected
districts were asked to list several issues that were most important for GIS-PMIS based on their

daily business activities. More detailed information from the ETG will be discussed in Chapter 9.

The final product should meet the following minimum requirements:

1)
2)
3)
4)
5)

6)
7)

It should not conflict with state GIS inter-agency standards, GIS Architecture, or
Core Technology Architecture established by TXDOT.

It should be as consistent as possible with the existing computing environment and
the long-term development plan of TxDOT.

It should maximize the level of integration with TXDOT information sSystems
strategy.

It should minimize staff requirements.

It should be able to facilitate education and training.

It should provide the widest range of functionality.

It should provide a high degree of flexibility in the data architecture.
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8) The interface between the recommended GIS and the PMIS should be easy to
establish.

9) It should be able to use the existing databases either directly or through inexpensive
data conversion.
10) It should allow operations to be carried out at several levels of sophistication.

It should be easy to learn and have excellent customer support from the software
vendor(s).

28



Chapter 4. Data Issuesand Related Technologies

4.1 TheBaseMap Accuracy Required for PMIS

A base map contains geographic features used for location referencing. The accuracy
level of a base map is a critical issue that has to be addressed during the GIS planning stage.
Although the accuracy and precision of base maps are very important issues, until recently few
people involved in developing and using GIS paid attention to base map accuracy from the
perspective of engineering applications.

Because base maps provide a reference system to correlate other data, the quality of the
base map to alarge extent determines the success of a GIS project. With the introduction of new
data collecting technologies, such as GPS, the location accuracy of events and objects related to
PMIS has been significantly improved. The accuracy level of the base map should be consistent
with this change. However, more accurate and precise data require more resources to produce
and maintain the data.

There are always trade-offs between accuracy and the costs needed to achieve such
accuracy. Furthermore, different applications require different base map accuracy levels. For
example, the base map accuracy level required for statewide transportation planning is
apparently different from that required for project engineering, which requires a more detailed
and accurate base map.

This chapter describes an approach to investigating the base map accuracy level required
for TXDOT PMIS from the perspective of engineering applications. TXDOT PMIS attribute data
are examined first because the base map must be capable of representing the smallest possible
roadway segments based on these data. From the PMIS attribute data, distress data are selected
for analysis of base map accuracy required for PMIS because distress data change most
frequently along the roadway. Both the absolute accuracy and relative accuracy level of the base
map required for TXDOT PMIS are discussed. Finally, the accuracy of the existing TXDOT base
map is examined last to seeif it satisfies the PMIS requirements.
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4.1.1 Some Definitions

Base map accuracy can be defined as the object’ s location on a map compared to its true
location on the ground. There are two kinds of accuracy that are important for the base map:
absolute accuracy and relative accuracy.

1) Absolute Accuracy is the degree to which any well-defined position on amap
conformsto the actual location of that point on the ground with respect to a fixed
reference correction. If the x-y coordinate of a particular point on the earth is
determined by aland survey and is al'so determined by scaling from a map, the
difference in the x-y coordinates is the absolute accuracy. This means that when we
see apoint on amap we have its “probable” location within a certain area. The same
appliesto lines and objects (Ref 12).

2) Relative Accuracy is the accuracy associated with the distance between two particular
points relative to each other. If the distance between two points, as measured by a
land survey on the surface, is compared to the distance measured between these same
two points on amap, the difference in the two distancesis the relative accuracy.
Relative accuracy of the base map is an important concept for GIS-PMIS because the
distance of a specified roadway segment is frequently measured in PMIS. More
details regarding relative accuracy will be discussed in the following sections.

It is aso important to distinguish accuracy from precision and resolution.

1) Precision refersto the degree of refinement with which ameasurement is taken or a
calculation is made, with higher refinement being expressed as the greater number of
significant figures. It is useless to talk about precision without considering accuracy.

2) Resolution refersto the smallest level of detail visiblein an image. For example, the
resolution of a USGS DOQQ is one meter.
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4.1.2 TxDOT PMIS Data
For researchers to investigate the base map accuracy level required for PMIS from the

perspective of applications, they must carefully examine TXxDOT PMIS attribute data for an

important reason: the base map must be capable of representing the smallest possible roadway
segments based on available PMIS attribute data.
The following pavement-related data are collected and maintained by TxDOT PMIS. All

of these data are important for pavement management and will be referenced on the base map

(Ref 1).
1)

2)

3)

4)

Visual Distress Data — Pavement distress data examine individual surface distresses
and rate them according to the severity level. Trained pavement raters collect
pavement distress data each year on entire highways within each county. The sample
sizeis about 50 percent per year. Distress data are collected for the following broad
pavement types:

» Flexible pavement or asphalt concrete pavement (ACP).

» Continuoudly reinforced concrete pavement (CRCP).

» Jointed concrete pavement (JCP).

Ride Quality Data — Ride quality data describe the pavement’s “roughness.” Ride
quality data are also collected on entire highways within each county. The sample size
is about 50 percent per year. Ride quality data are collected on the following
pavement types:

» Flexible pavement (ACP).

» Continuously reinforced concrete pavement (CRCP).

» Jointed concrete pavement (JCP).

Deflection Data — Deflection data describe the pavement’ s structural adequacy.
Deflection data collection is optional . Deflection data are collected only on flexible
pavement for PMIS.

Skid Resistance Data — Skid resistance data measure the relative skid resistance of
pavements. Collecting skid resistance datais optional. Skid resistance data are
collected for the following pavement types:

» Flexible pavement (ACP).
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5)

6)

» Continuously reinforced concrete pavement (CRCP).

» Jointed concrete pavement (JCP).

Automated Rutting Data — A rut is a surface depression in awheel path. Procedures
and equipment for collecting automated rutting data are under devel opment. When
completed, the automated rutting data will replace the “shallow rutting” and “ deep
rutting” distress types collected manually. When completed, automated rutting data
will be collected for entire highways within each county. The sample size will be near
50 percent per year. Automated rutting datawill be collected only for flexible
pavements.

Other Pavement Data — Besides pavement evaluation data, PM IS obtains other
pavement data from the following TXDOT automated systems:

» Texas Reference Marker (TRM) System.

» Road Life System.

» Maintenance Management Information System (MMIYS).

Other pavement data include:

» Location Data.

» Traffic Data.

» Climatic Data.

» Pavement Type and Characteristics Data.
» Cross-Section Data.

» Date of Last Surface Data.

» Pavement Maintenance Expenditure Data.

Among these types of TXDOT PMIS attribute data, distress data change most frequently

along the roadway. For this reason, distress data are used for the analysis of base map accuracy
level required for PMIS.
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4.1.3 Current TXDOT PMISVisual Distress Data Collection and
Management M ethod

The annual PMIS survey currently consists of two separate surveys:. a visual evaluation
survey and a ride quality survey (Ref 14). Other data, such as skid resistance and structural
strength may be collected; however, these other data are not included in the current PMIS
analysis procedures. Currently, a PMIS section length can vary from 0.1 mile to 0.6 miles, but it
is typically 0.5 miles in length. A data collection section is somewhat homogeneous in
construction. The section is defined when the following changes occur:

1) Pavement.

2) Geometric.

3) County Line.

4) Reference Marker.

When traveling across a PMIS section, raters rate the lane that shows the most distress on
each roadbed. Undivided highways have only one roadbed; divided highways have two or more
roadbeds. The lane being rated can change from section to section as raters travel down the road.
For flexible pavement sections, raters travel along the side of the road and stop at least once in
every PMIS section. The first stop is made at the beginning of the section, and raters observe and
log all distress types visible. The purpose of the stop is to calibrate the raters vision as to which
distress types exist within the section. Additional stops are made where major changes occur to
“recalibrate” the raters’ vision. At the end of the section, raters enter their overall section ratings
for all of the flexible pavement distress types. For rigid pavement sections, raters begin counting
distress occurrences at one end of the section and travel along the edge of the road. The only stop
required is at the end of the section, where raters enter the evaluation data. For safety reasons, the
raters are responsible for counting only “easy” distresses, such as concrete patches, punchouts, or
failed dlabs. The rating consists of a one-, two-, or three-digit number for each of these distress
types. The numbers indicate either the area or the amount of each distress that was observed. As
shown in Table 4.1, three methods are used to process the raw data for different distress typesin
the TXDOT PMIS. After the raw pavement distress data are processed, they are distributed along
the PMIS sections, thus becoming the attribute data related to the PMIS sections, the linear

objects.
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1)

2)

Percentage — After the total distance of the distress (such as shalow rutting) is
assessed, the percentage of distress data is determined by using a reference table in
the pavement condition evaluation manual. All the distress data with procedures
belonging to this category are for flexible pavements. They include:
» Rutting (Shallow and Deep).
» Alligator Cracking.
» Longitudinal Cracking.
All distress types are rated according to the percentage of the rated lane' stotal surface
area. The area measured throughout the PM IS section should be converted to full lane
width first; the reference tables are then used to determine the percentage of the
distress area. The two distress types using this procedure are:
» Patching.
» Block Cracking.
Total Number — Raters should count the total number of distress data types observed
along the entire section or per station. The following distress types belong to this
category:
a) Flexible Pavement.

» Failures.

» Transverse Cracking.
b) CRCP.

» Spalled Cracks.

» Punchouts.

» Asphalt Patches.

» Concrete Patches.
c) JCP.

» Failed Joints and Cracks.

» Failures.

» Shattered Slabs.

» Slabs with Longitudina Cracks.

» Concrete Patches.
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3) Attribute — The rating code indicates the percentage of the rated lane’ s observed
value, when the rating code rather than the percentage value is used. Table 4.2 gives

the rating codes and their corresponding percentage values.
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Table4.1 TxDOT PMISdatatype and corresponding rating methods

Data Type How rated in TXDOT PMIS
% Shallow Rutting Percent
a Deep Rutting Percent
§ Patching Percent
é Failures Total Numbers
% Flexible | Alligator Cracking Percent
§ Pavement | Block Cracking Percent
Longitudinal Cracking Length per Station

Transverse Cracking

Number per Station

Raveling None, Low, Medium, or High
Flushing None, Low, Medium, or High
Spalled Cracks Total Number
Punchouts Total Number
CRCP Asphalt Patches Total Number
Concrete Patches Total Number
Average Crack Spacing Feet
Failed Joints and Cracks Total Number
Failures Total Number
Shattered Slabs Total Number
P Slabs with Longitudinal Cracks | Total Number
Concrete Patches Total Number
Apparent Joint Spacing Feet

Ride Quality Data

The Walker Roughness Device (SIO
meter)

Deflection Data (only for flexible pavement)

FWD

Skid Resistance Data

A Locked-Wheel Skid Trailer and Tow
Vehicle

Automated Rutting Data (only for flexible pavement)

The Walker Roughness Device (SIO
meter)
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Table 4.2 Rating codes for pavement distress

RATING CODE AMOUNT (PERCENT AREA)
0 NONE 0
1 LOW 1-10
2 MEDIUM 11-50
3 HIGH >50

For raveling and flushing on flexible pavements, the rating code is generally used.
For average cracking (CRCP) and Apparent Joint Spacing (JCP), the rating procedure is
different. In general, the total number of transverse cracks or apparent joints observed aong the

highway section is counted and then averaged.

4.1.4 ldeal TXDOT PMIS Data Collection and Management M ethod

Currently, TXDOT PMIS data are linearly referenced in a one-dimensional model. This
means that all PMIS-related attribute data are linearly referenced. Recent advances of GPS
technologies, integrated with dynamic segmentation functions of GIS, allow for more efficient
and flexible data collection and storage. Using GPS receivers, raters can drive along the highway
and define the beginning and ending points of sections when there are changes in pavement
distress along the highway. Dynamic segmentation makes it possible to store attribute data in a
single storage item for multiple and partial segments of graphic elements and thus facilitates data
collection in the most logical manner. Data sets that are linear in nature can be stored using either
fixed-length or variable-length segmentation as seen in Figure 4.1 (Ref 15). Fixed-length static
segments break the roadway into pre-defined lengths and are insensitive to changes in attributes,
which can result in significant data redundancy. Presently, TXDOT PMIS uses fixed-length
(normally 0.5 miles) segmentation. For example, with the current fixed-length segmentation of
0.5 miles, if 10 miles of highway section are reconstructed, the attribute database will have 20
entries in it. Variable-length segments through the dynamic segmentation approach, on the other

hand, can be of any length and can be broken for any reason, such as pavement distress change.
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For example, if there are only two distress type records and three ride quality data along a
reconstructed 10-mile highway section, the attribute database will have just two entries and three
entries, respectively.

Data
Records

0.5 miles Fixed-Length Segmentation

| 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 | 0.5 20

10 miles

Y
Yy L

Variable-Length Segmentation for Distress

Variable-Length Segmentation for Ride Quality Data
To-ooooo-oo.cocl- ------------------- 1.........l 3

Figure 4.1 Existing PM IS fixed-length segmentation method

4.1.5 Intermediate Solution
A highly segmented road network is inefficient when used with dynamic segmentation
because more records have to be processed when data are placed on the road network with GIS.
This impedes the storage efficiency, GIS anaysis, and query efficiency. Although location
accuracy is not affected by a highly segmented road network, the likelihood that other types of
topological or connectivity errors occurring will increase (Ref 6). Thus, the highway section
length should be at least 0.5 mile long (the current highway survey section length) for the
following reasons:
1) Highway sections less than 0.5 mile long are generally not practical for the actual
work of pavement maintenance or rehabilitation.
2) The 0.5-mile highway sections, which were the basic segments used in the original
TxDOT PMIS database, can still be used.
3) A highly segmented highway network is inefficient when used with dynamic
segmentation and will impede storage, GIS analysis, and query efficiency.
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This means that raters should still use the 0.5-mile highway section length calculations if
the highway section length is less than 0.5 mile. However, for varied-length segmentation, all of
the raw pavement distress data will also need to be combined and distributed along the PMIS
section, thus becoming the attribute data related to the PMIS section, which isalinear object.

The primary limitation when one uses GPS for pavement data collection is the data
accuracy as it relates to the base map accuracy. The GPS positional accuracy recommended in
GIS Architecture is +/- 5 meters; however, the existing TXxDOT base map accuracy is +/- 15
meters. Positional relationship conflicts often occur if the data to be entered are far more accurate
than the map shows (Ref 11). Consideration should be given to the level of GPS collection

accuracy.

4.1.6 BaseMap Accuracy Required for PMIS from the Per spective of
Engineering Applications

Highways are linear features, and the spatial database must represent the smallest
possible highway segments based on the associated attribute database. Thus, attention should be
given to the absolute accuracy for the beginning and ending points of the PMIS sections along

the route and the relative accuracy for the length of the PMIS sections,

4.1.7 Required Absolute Accuracy Level of the Base Map for PMIS
With the use of GPS receivers, the beginning and ending points of the PMIS sections can
be accurately located. The base map should be accurate enough to let the survey, construction,
and maintenance staff find the location of the beginning and ending points of the PMIS section
easily on site. There are two standards that can be used to check the absolute accuracy level of
the base map for PMIS.
1) The USGS Mapping Standards
Traditionally, the base map is often digitized by using map or aerial photographs. For
this kind of base map, both accuracy and precision are functions of the scale at which
amap (paper or digital) was originally created. The mapping standards employed by
the United States Geological Survey (Ref 13) specify that:
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Requirements for meeting horizontal accuracy as 90 percent of all
measurable points must be within 1/30th of an inch for maps at a scale
of 1:20,000 or larger, and 1/50th of an inch for maps at scales smaller
than 1:20,000.

Table 4.3 lists the USGS National Map Accuracy Standards for scales often used. The
main drawback for the USGS Mapping Standards is that the standards were developed for the

publication of paper maps, not digital map layers.

Table 4.3 USGS National Map Accuracy Standards (NMAS)

Scale Positional Accuracy (+/-)

Foot M eter
1:1,200 3.33 1.01
1:2,400 6.67 2.03
1:4,800 13.33 4.07
1:10,000 27.78 8.47
1:12,000 33.33 10.17
1:24,000 40.00 12.2
1:36,000 60.00 18.3
1:100,000 166.67 50.83
1:500,000 833.33 254.17

2) American Society for Photogrammetry and Remote Sensing Standards
The American Society for Photogrammetry and Remote Sensing (ASPRS)
Specifications and Standards Committee proposed a method to calculate accuracy at
ground scale so that digital spatial data of known ground scale accuracy can be
related to the appropriate map scale for graphic presentation (Ref 11). Horizontal
accuracy is the RMS (Root Mean Square) error, includes the discrepancies between

checked ground points and the planimetri~ = rvey coordinates of the digital data set.
RMSis calculated by:
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RMS_\/df+d§+d§+...+dn2
n

Where d, is the distance between digital map coordinates for a point and the ground
reference coordinates for that point, n is the number of points tested, and RMS is the cumulative
result of all errors introduced by ground survey, map compilation, and extraction of coordinates

from the maps. The ASPRS standards define a Class 1 category of coordinate accuracy as shown
in Table 4.4.
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Table 4.4 ASPRS Horizontal Accuracy Standardsfor Class 1 maps (Ref 6)

Typical Map Scale Limiting RMS Error in Feet
1:60 0.05
1:240 0.20
1:600 0.50
1:2400 2.00
1:4800 4.00
1:9600 8.00
1:10000 10.00
1:12000 16.70

The standard can also be extended to the lower accuracy maps, for example, a Class 2 map
would have twice the RMS as a Class 1. ASPRS standards aso provide guidelines for testing
compliance. A minimum of twenty checkpoints derived from a horizontal check survey of higher
accuracy (GPS or Orthoimagery) is required for compliance. The guidelines suggest that
checkpoints be spaced at intervals of 10 percent of the distance of the map sheet diagonal and

that each quadrant of arectangular map contain 20 percent of the points.

4.1.8 Required Relative Accuracy Level of the Base Map for PMIS
Relative accuracy refers to the accuracy associated with the distance between two

particular points relative to one another. For one-dimensional PMIS segments, the relative
accuracy refers to the difference between the length of PMIS sections measured on the map and
the length actually measured by aland survey.

In TXDOT’s PMIS, only linear distress types of a certain length, such as rutting, alligator
cracking, patching, block cracking, and longitudinal cracking, are germane to the relative
accuracy for PMIS. According to the reference tables (as illustrated in Table 4.5) from TxDOT
PMIS Raer’'s Manual (Ref 14), the PMIS area percentage is precise to
1 percent at most, so the actual possible range of the percentage should be 0.5 percent.

S/(L£X)=Px0.5% (Equation 4.1)
Where

Sisthe actual pavement distress length measured by aland survey,

L isthe mean PMIS section length measured on the map, varied length or fixed length,

X isthe deviation for PMIS section length measured on the map, and
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P is the percentage of the pavement distress length. P = S/L from 1 percent to 100
percent.

Thus, the deviation for PMIS section length measured on the map can be calculated using
X =0.05L / (P-0.005) or X =0.05L / (P + 0.005) (Equation 4.2)

When P is 100 percent and the X value is the least, meaning S equals L.
For example, when L is 0.5 miles which is least, TXDOT PMIS segment length and P is
100 percent, the deviation X is:

X = (0.005)(0.5)(5280)/0.995 = 13.27 (ft) or
X = (0.005)(0.5)(5280)/1.005 = 13.13 (ft)

Thus, the deviation of a highway section with 0.5 miles is around 13 ft from the
perspective of PMIS's applications.

Therelative accuracy (RA) for the base map is the difference between the length of PMIS
sections measured on the map and the length actually measured by aland survey. The RA vaue
of the PMIS section on the base map should be less than the magnitude of X that is calculated
using Equation 2. For TXDOT PMIS, the RA for 0.5 miles highway sections on the base map
should be less than 13 feet.

Table4.5 An examplereference table (for patching and block cracking) (Ref 2)

Area SECTION LENGTH (Miles)

0.1 | 0.3 | 0.5 | 0.7 | 0.8 | 0.9
Per centage TOTAL FEET OF PATCHING OR BLOCK CRACKING
1% 5 16 26 37 42 48
2% 11 32 53 74 84 95
3% 16 48 79 111 127 143
4% 21 63 106 148 169 190
5% 26 79 132 185 211 238
6% 32 95 158 222 253 285
7% 37 111 185 259 296 333
8% 42 127 211 296 338 380
9% 48 143 238 333 380 428
10% 53 158 264 370 422 475
15% 79 238 396 554 634 713
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20% 106 317 528 739 845 950

25% 132 396 680 924 1056 1188
60% 317 950 1584 2218 2534 2851
65% 343 1030 1716 2402 2746 3089
70% 370 1109 1848 2587 2957 3326
75% 396 1188 1980 2772 3168 3564
80% 422 1267 2112 2957 3379 3802
85% 449 1346 2244 3142 3590 4039
90% 475 1426 2376 3326 3802 4277
95% 502 1505 2508 3511 4013 4514
100% 528 1584 2640 3696 4224 4752

There are currently no standards available for the relative accuracy level of the base map,
so many samples should be examined. However, this approach can help GIS staff to investigate
whether the relative accuracy level of the base map can satisfy the requirements of the PMIS.

4.19 Current TxDOT Digital Base Map

TXDOT has created a 1:24,000 scale on-system base map in digital format for all twenty-
fivedistrictsin Texas.

These files were originally digitized from USGS 7.5-minute quads. Updates to these files
were made periodicaly (every six months) using TxDOT highway construction plans, aerial
photographs, official city maps, and field inventory by the Transportation Planning and
Programming Division. These files contain most of the features found on 7.5-minute quads,
except for items such as contour lines, fence lines, jeep trails, electrical transmission lines, oil
pipelines, and control data monuments. The Transportation Planning and Programming Division
(TPP) of TxDOT has added some necessary attribute data to the urban-county maps to make
them true GIS maps. Although these maps were not originally intended for use as GIS base
maps, by extracting portions of the existing “.dgn” files along with the MGE attribute data and
converting them to ARC/INFO format, one can obtain base layers of sufficient quality. As
summarized in Table 4.6, these digital maps have also been converted from North American
Datum of 1927 (NAD 27) to North American Datum of 1983 (NAD 83).

Theinitial TXDOT base layers to be made available will be (Ref 11):



YV V V V V

On-system, state-maintained highway centerlines.
Off-system county road centerlines.
City street centerlines (where available).
Railroads.

Political boundaries.
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Table4.6 A review of the existing TXDOT base map

Map Projections

TEXASSTATEWIDE MAPPING
SYSTEM (NAD 27)

TEXAS STATEWIDE MAPPING
SYSTEM (NAD 83)

Available Formats

DGN, DWG, and DXF

Arc/Info Export (€00)

Projection Lambert Conformal Conic Lambert Conformal Conic
Spheroid Clarke 1866 Clarke GRS80
Datum North American 1927 North American 1983

Longitude of Origin

100 degrees west (-100)

100 degrees west (-100)

Latitude of Origin

31 degrees 10 minutes north

31 degrees 10 minutes north

Standard Parallel # 1

27 degrees 25 minutes north lat.

27 degrees 25 minutes north lat.

Standard Parallel # 2

34 degrees 55 minutes north lat.

34 degrees 55 minutes north lat.

False Easting 3,000,000 feet (914,400 meters) 1,000,000 meters
False Northing 3,000,000 feet (914,400 meters) 1,000,000 meters
Unit of Measure feet (international) meters

The exact positional accuracy of these base maps is not known. Given the USGS stated
positional accuracy (for major items) of plus or minus 12 meters (40 feet) for its 7.5-minute
guads, and given that the inadvertent positional shifts that may have been introduced during the
process of digitizing, it is estimated that the positional accuracy for most of the features included
in these map files will be approximately plus or minus 15 meters (50 feet). This accuracy level is
satisfactory for TXDOT’ s main purpose of pavement management. The relative accuracy level of
the digital base map still needs to be checked. If necessary, the accuracy of the base map can be
tested by comparing the positions of points whose locations or elevations are shown on maps
with corresponding positions as determined by surveys or an independent source of higher
accuracy map when necessary. In the field, a GPS can be used to determine the exact locations.
Aerial photographs can also serve as sources of higher accuracy. Of course, it should be noted
that higher accuracy aso means higher costs in obtaining and maintaining the data.
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4.1.10 Other Recommendationsfor Base Map

In addition to the issues discussed in the previous sections about base map, some

additional recommendations are important to base map and are presented as follows.

1)

2)

3)

Projections — Base maps should either be based on the Texas Statewide Mapping
System (TSMYS) or left unprojected. TSMS has been optimized to permit the entire
state to be displayed on a single plane without introducing unnecessary distortion.
This is not possible with other popular projections such as State Plane and Universal
Transverse Mercator (UTM), both of which define more than one zone for the state of
Texas. If data are left unprojected, users can easily project data into any projection
appropriate to their application.

Datum — All GIS base layers should be projected based on the North American

Datum of 1983 (NAD 83) defined in meters. All urban-county maps based on NAD-

27 should be converted from NAD-27 to NAD 83.

Scales — Different applications require spatial data at different scales. No one single

scale can support al necessary and feasible TXDOT applications, although the map

scale can be changed on the screen at will. It is reasonable to suggest that severa
scale themes be used. The most commonly used scales are listed below and are shown

in Table 4.8 (Ref 7):

» 1:1,000,00 — 1:500,000 for statewide planning. This relatively high level of
abstraction supports statewide budget planning and anaysis, program
development and evaluation, and policy-making at the upper-management level.
These applications require summary statistics, aggregations of more detailed,
larger-scale data, and wide-area, overview perspectives. Executive information
systems are supported at this level. On this map scale, the widths of highways are
exaggerated by their line weights. No detail is present at magor interchanges.
Streets and local roads do not appear.

» 1:500,000 — 1:100,000 for district-level planning and facilities management. This
intermediate level of abstraction supports budget development, strategies for
program delivery, and management of resources and facilities. These applications
use data acquired at the operational level but presented on a more general or
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regiona basis. On hard-copy, divided highways appear as solid lines. Ramps at
major interchanges are generalized. Streets and local roads appear as medium-
weight lines.

1:12,000 — 1:24,000 for facilities management and corridor management. These
relatively large scales support preliminary engineering for projects and other
aspects of program delivery that require detailed information over considerable
geographic extents. This scale range is most likely to be compatible with those of
gpatial databases developed at the local government level. On hard-copy maps,
the medians of divided highways appear. Ramps at interchanges are detailed.
Widths and cul-de-sacs are plotted for streets and local roads.

1:120 — 1:12,000 for project engineering. This scale range has exceeded the
original scale from which the current TxDOT digital base map was digitized.
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Table4.7 Map scale and related PM | S activities (Ref 11)

Geographic Extent | Activity Scale of Data
Statewide planning and 1:500.000

State management

Multi-District i ion [
Cc.)rrl.dor Sele(.:tl on 1:100,000
District Planning

District
Facilities Management 1 12000 1 24000

Metro Area Corridor Analysis o o

. Engineering Design ~ feoreeeeeemeeemne oo
Project Construction 1:120-1:12,000

4.1.11 Precautionsfor Base Map

1) A paper based map's scale is fixed when it is printed and cannot be changed.

2)

However, a base map in a GIS digitized from a paper map can be zoomed in and out
at will on the screen. This means that geographic data in a GIS do not really have a
map scale. However, the accuracy, precision, and resolution of the spatial data are
determined by the scale of the original map (digitized or photographed) and do not
change with the change of the digital base map scale (Ref 12). Zoom-in and zoom-out
functions can mislead users into believing that the accuracy has been improved. For a
base map developed directly in digital format, such as a base map developed by using
GPS, there are no more fixed scale problems. The characteristics of the GPS receivers
and mapping methods used determine the accuracy, precision, and absolution of the
base map. The accuracy, precision, and resolution level of the base map aso do not
change with the change of the base map scale.

In addition to the ability to change map scales, map overlay is another GIS capability
that always excites the potential GIS users. Both capabilities are indeed very useful,
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yet both capabilities may also mislead decision-makers. Map overlay involves
superimposition of two or more data layers. If the layers coming from several sources

have different accuracy levels, it is critical to check the reliability of the final results.

4.2 Data Quality Assurance (QA) and Quality Control (QC) of Data

GIS data are composed of spatial data that are used to define the geographic features and
associated attribute data. The associated attribute data provide further descriptive information
about the features. Any data that can be tied to alocation on the earth have the potential of being
used inaGIS. Certainly, al data suffer from inaccuracy, imprecision, and error to some extent; it
isinevitable. If the errors, inaccuracy, and imprecision are left unchecked, they will make a GIS
project analysis result almost worthless (Ref 12). More importantly, because spatial data will be
transferred and shared by many users, they must be as accurate as possible.

GIS data quality refersto the relative accuracy and precision of a particular GIS database.
The information for GIS data quality should be documented with data quality reports. Generaly,
data quality reports should include data sources, data input techniques, positional accuracy,
attribute classifications and definitions, and quality control procedures used to validate the
gpatial data. It is dangerous to use undocumented data in a GIS. The quality of data depends on
al of the processes involved with collecting, storing, and managing spatial and nonspatial
databases. Any type of data manipulation and editing can affect the data quality, so caution
should be taken when manipulating and editing data. Rules and guidelines for manipulating and
editing data should be established (Ref 6). It is recommended that one verify positional accuracy,
attribute accuracy, completeness, correctness, and integrity before using any data. Positional
accuracy is defined by how well the true position of an object on the earth’s surface matches the
same object stored as a series of digital coordinates in a GIS data layer. Attribute accuracy
describes the error associated with the values of attribute data elements. Compl eteness measures
the number of features included in the digital data set as a result of data input and conversion.
Correctness describes how well the digital features match the objects on the ground. Integrity is
another measurement of data quality specifically concerned with the completeness of
relationships among data el ements.

Most verification procedures require manual validation that verifies accuracy and

completeness of a spatial database. However, there is software designed to automatically verify
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the integrity of the GIS database. Manual verification procedures include creating check plots,
field checks, and measurements. Automated data quality measurements search for logical
inconsistencies and missing or strange attribute values. Data quality assurance and quality
control (QA/QC) ensure the delivery of high-quality data. The scope of QA/QC review should
include the following considerations (Ref 11):

1) Veification of data set accuracy and completeness against reference or source
material.

2) Veification of the internal integrity of the data set and its conformance to the
specified structure.

3) Testing of data on target platforms.

4) Assurance of compatibility with the software.

5) Documentation of data quality.

4.3 Data M anagement Strategy

The real world is dynamic, and changes in the real world need to be reflected on time. A
means of updating the data and keeping them current with real-world events is required. A data
management strategy should be provided to set up guidelines for structuring the collection,
management, and storage of data. The data management strategy affects the allocation of staff
and funds and therefore affects the organization’s management structure (Ref 6). The data
management strategy will also affect the type and distribution of technology and therefore affects
the operation of the organization.

GIS data should be maintained by units most responsible for the collection and
dissemination of the data. This policy adheres to the recommendations of TxDOT's Data
Management Architecture that outline the data steward concept.

The following recommendations are made for data management strategy:

1) GIS data will be developed and maintained by units most responsible for collection
and dissemination of the data. Maintenance of base map layers should be assumed by
the appropriate data steward. Data steward, a concept outlined by TxDOT Data
Management Process, makes the creator or principal user of a particular data set
responsible for the maintenance and distribution of that data. 1SD, the GIS data
producer, and the user should work together to identify the data steward for a specific
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GIS data set. In the case of GIS data, the steward for some data layers will be a Texas
agency other than TxDOT.

2) GIS datacan come from sources internal and external to TxDOT.

3) Base maps will be developed to meet the majority of TXDOT's GIS needs.

4) GIS datawill be developed and cataloged for sharing throughout TXDOT and outside
of TxDOT through the Texas Natural Resource Information System (TNRIS).

5) GIS datawill be standardized as much as possible with regard to features, projection,

scale, and accuracy.

4.4 Spatial Data Exchange and Database Transformation

Spatial data exchange is important in GIS for the integration of disparate data sets from
dissmilar computer systems. The two basic methods for data exchange between different GIS
are 1) direct conversion of data from one system to another using proprietary formats and 2)
trandation of data via a standardized neutral exchange file format (Ref 7). The use of neutral
exchange file formats offers more advantages because only two software routines are required.
The following are some of the most widely used neutral exchange formats developed by either

major data producers or national standards institutions:

» GBF/DIME.
» TIGER.

» DLG.

> IGES.

> SDTS.
At certain times it is necessary to perform data transformations on entire spatial

databases. The transformations take two general forms:

1) Between data models. These transformations include raster-to-vector conversion and
vector-to-raster conversion. These automated procedures often lead to interactive
editing of the data after transformation.

2) Between coordinate systems. Coordinate system transformations take three specific
forms:

» Arbitrary-to-ground.
> Between geodetic datum.
» Ground-to-ground.
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4.5 Data Sources and Sharing with Internal Officesand External Agencies

GIS data can be from both internal and external sources. Internal sources can include any
department, district, division, or specific office, while external sources may include federal and
state agencies, universities, and private entities. The principal external partners with which
TxDOT may coordinate include: 1) other state agencies;, 2) private corporations, 3) federa
agencies (FHWA, NGS, DOD, EPA, USGS, BLM, and USDA); and 4) regional, county, and
municipal government agencies (Ref 6). Appendix D contains a listing of TNRIS agencies, data
stewards, available data, and contact information. Unlike many other information systems at
TxDOT that rarely share data outside the department, GIS data are often shared with outside
agencies and universities. This nature of data sharing encourages successful and cost-effective
GIS implementation since costs can be shared among divisions, departments, agencies, and
universities. GIS data sets are often very large and can be very cumbersome even when
compressed. Data sharing over the Internet is becoming increasingly efficient and is the preferred
method of sharing data.

A statewide effort to coordinate GIS efforts in state government and promote data sharing
between state entities is being directed by the Texas GIS Planning Council. TXDOT is afounding
member of the Planning Council. According to the GIS Business Plan, maintenance and updating
of individual GIS data layers would be done by the agency with the most knowledge and
expertise in that field, and the resulting information would be available for all agencies.

The programs directed by the Texas GIS Planning Council include:

1) Partnership Initiative —
Callsfor the development of standards for the support and creation of geospatial
data.
2) Data Sharing Initiative —
Calls for the use of the Internet and standards in storage and documentation to
assist agencies in sharing data more quickly and easily.
3) Base Map Initiative consists of two parts —
(& The Texas Orthoimagery Program (TOP) —
Utilizes existing USGS funding to assist in the creation of data layers.
TOFP's ultimate goal is to create rectified aerial imagery of the state of
Texas.
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(b) The SratMap Program—
Like TOP, StratMap is a cost-sharing program. StratMap will share the
cost of developing significant data layers between state entities and the
federal government if data can be used by USGS to develop Digital Line
Graphs (DLG).

4) Field Data Collection Initiative —
Recommends the standardization of data collection processes through the use of
GlIS.

4.6 Some Related Technologies

Populating a GIS is an expensive task. Initially, data were captured from maps and aerial
photographs. This was accomplished by digitizing or scanning. Some alternatives for data
collection are now available as Global Positioning System (GPS), Digita Orthophoto
Quadrangle Quarters (DOQQS), and remote sensing.

4.6.1 Global Positioning Systems (GPS)

A global positioning system is a three-dimensiona measurement sSystem based on
received radio signals from the U.S. Department of Defense (DOD) NAV STAR satellite system.
The NAVSTAR satellite system consists of twenty-four satellites: twenty-one navigational Space
Vehicles (SVs) and three active spares circling the earth twice daily. Each satellite continuously
transmits precise timing radio signals. The GPS receivers convert radio signals into position,
velocity, and time estimates. This technology has been used extensively for navigation,
positioning, time dissemination, and other research.

When one uses GPS technology, several factors can cause the positional errors. The
major sources of error affecting the positional accuracy of GPS receivers are satellite orbit
estimation, satellite clock estimation, ionosphere and troposphere interference, and receiver noise
(Ref 16). Intentional error, called selective availability, for national security reasons, can also be
introduced to the GPS satellite range signals.

Differential processing is a technique for correcting these errors. It may be used in post-

processing or real-time techniques. Differential processing uses a minimum of two GPS
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receivers taking in radio signals from the same satellites at the same time. Through differential

post-processing, three-dimensional baseline vectors between observing stations can be obtained.

One receiver is positioned over a known location called a base station. The base station data is

then used to adjust other GPS receivers positions at unknown locations. Through the use of

differential post-processing, the accuracy down to a few centimeters can be achieved (Ref 17).

GPS navigation data can also be processed in “real time” using an on-board computer interfacing

with the GPS receiver. The base station receiver transmits the corrections to the remote

receiver(s) via aradio link so that the remote receivers can compute the positions in real time.

Redl-time differential GPS significantly reduces the post-processing time and expands the

applications of GPS technologies.

The value of integrating GPS with GIS is potentially enormous. There are several types

of real-world applications of GPS for GIS in the Pavement Management System.

1)

2)

3)

4)

GPS is used as a more powerful, cost-effective tool for assessing spatia accuracy of a
landscape map and identifying omitted or misaligned road segments.

GPS is used as a more efficient method for collecting and updating inventory data of
roadway than the conventional instruments. For example, GPS can be used to define
pavement sections (through defining beginning and ending points) with certain kinds
of distress and then add the result to the inventory data. When GPS is used for field
data collection, multiple receivers can be used at the same time, thereby increasing
the productivity.

GPS is used as a video-logging tool. When a vehicle is equipped with both GPS and
video cameras, it is possible to record the positions of physical features on or near the
roadway by geo-referencing individual video frames. Centerline roadway or lane
location data may be collected simultaneously.

GPS is used as a more accurate method for base map development. Whereas
traditional data collection techniques determine positions from a map or photo, GPS
references accurate positions to a map. GPS coordinates used in combination with
GIS and map data allow the users to know their locations with respect to other objects

in the area base.

There are aso some problems with applying GPS technology (Ref 18):
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1) The availability of base station data for post-differential correction has been a main
issue.

2) Bad GPS signal reception could result in missing data. Visibility of and from the sky
is important for using GPS receivers. The radio signals from satellites are susceptible
to being blocked by tall buildings, bridges, and even trees.

3) Unfavorable satellite configurations at particular times and particular locations of
GPS receivers are another concern.

There are several methods of achieving real-time differential GPS in the field. Each
method has its advantages and disadvantages relative to accuracy, cost, and potential application.
As a promising technology, subscription services are available from John Chance and Associates
in Houston to provide real D-GPS correction broadcasts by satellite (Ref 11). The subscription to
this service with a mobile satellite communications receiver costs about $3,000 per year. TXDOT
is currently a subscriber. Using a Trimble Geoexplorer handheld receiver and an ACCQPOINT
differential correction FM receiver, raters are able to collect position and attribute information on
a notebook computer. The FM station receiver takes in the same differential correction from the
twenty base stations used by John Chance and Associates and are broadcast as part of the FM
carrier signal. The FM receiver for differential correction is less expensive and lighter than
satellite receivers, but the measurements must be within the range of the FM broadcast station.
Currently, the vendor acknowledges that only 90 percent of Texas is covered. Post-processed
differential correction is possible for the base mapping function.

GPS equipment falls into three basic categories. survey grade, mapping grade, and
recreational grade. Survey-grade receivers are dual-frequency, carrier-phase units that are
expensive but offer accuracy to the centimeter level. Mapping-grade receivers are single-
frequency, code-based units that offer sub-meter to meter accuracy. Mapping-grade receivers
will be the equipment used by TxDOT. The primary statewide coverage solution at thistime is
OMNISTAR.

The Transportation Planning and Programming (TPP) Division of TXDOT has initiated a
project to use the Global Positioning System (GPS) to accurately map all the county roads in the
state. It will be finished in 1998 and will produce avery accurate county road base layer for GIS.
Integration of data with existing maps will be somewhat difficult because of the difference in

55



CHAPTER 4. DATA ISSUES AND RELATED TECHNOLOGIES

accuracy. Collecting data for the remaining highways and streets using GPS would greatly
improve the integration. The recommended GPS mapping and accuracy standard is NAD 83 (93)
HARN for the horizontal datum. Any vertical data recorded will be referenced to the NAVD 88
vertical datum with an accuracy level of at least twice that of the respective data’'s horizontal

value.

4.6.2 Digital Orthophoto Quadrangle Quarters (DOQQS)

DOQQ is a geographically accurate digital image of the earth produced from aeria
photography using photogrammetric techniques. An orthophoto is a photograph with images of
ground features in their true map positions. Thus, unlike conventional images, orthophoto maps
can be used to make direct measurements of distances, angles, positions, and areas (Ref 19).
Unlike photo enlargement, which has varying scales due primarily to the aircraft tilt, terrain
relief, and camera lens distortion, the effects of tilt, relief, and lens distortion on the orthophoto
have been removed through a photogrammetric process. The significant advantage of DOQQ is
based on this fact: orthophoto can provide atrue representation of all of the surface objects found
in the area represented by the image. As such, surface objects shown in the orthophoto can be
directly correlated with the actual objects as observed at the site. Vectors can be superimposed
over orthophotos to clarify information in the image or to add to the information conveyed by the
map.

Digital orthophotos are accurate backdrops for many GIS applications. In addition to
enhancing the visual display of information, for the first time digital orthophotos can be used asa
base map for adding or correcting the locations of features from the computer screen. Like any
other GIS base mapping aternatives, digital orthophotos may be a cost-effective base mapping
option for GIS managers like county appraisers and public works managers, who need a detailed,
accurate base map. Besides functioning as an accurate backdrop, digital orthophotos also have
three other functions within GIS (Ref 20):

1) Updating other attributes: This function requires that GIS have a screen digitizing

function.

2) Quality control: Digital orthophotos are an accurate guide that can correct the errors

of other attributes.

3) New mapping: Digital orthophotos identify locations not present on any existing map.
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Digital orthophotos contain only raster data. While attributes (information) can easily be
associated with vector data, attributes cannot be linked to raster data at the present time, so users
cannot perform data queries or produce maps that have only selected features. The other problem
is related to the device and equipment. Most importantly, because every pixel in digita
orthophotos contains data, digital orthophotos can create large files that require huge amounts of
disk space. Furthermore, viewing digital orthophotos covering large areas at one time may be a
significant problem because of file sizes and additional set time. Second, in order to access and
use digital orthophotos, additional equipment, such as image-processing software and a high-
resolution graphic monitor, is needed. It is also necessary to have a high-quality output device
such as an electrostatic plotter or inkjet plotter to produce plots of the raster image.

Digital orthophotos offer a complete, accurate base map for many GIS applications. New
technologies will further advance the production and quality of digital orthophotos. A GIS will
have the ability to analyze the raster image so that orthophotos can be more easily integrated
with other databases in the near future. As new technologies further enhance the production and
quality of digital photos, greater attention will be given to them.

For TxDOT to take advantage of existing United States Geographic Survey (USGS)
programs that provide funds for developing significant data layers, it must use severa base map
initiatives for developing a base map in Texas. Currently, one program, the Texas Orthoimagery
Program (TOP), has the ultimate goa of developing rectified aerial imagery (DOQQSs) for the
state of Texas. TXDOT is collecting the ground control for the rectification process and will in
return receive a copy of the final product. DOQQ can provide current and accurate data that can
serve as the basis for updating and refining other base map layers. Data layers produced from
DOQQ should be of sufficient cartographic quality to meet the needs of most state agencies.

4.6.3 Remote Sensing

Remote sensing is the art and science of obtaining information about phenomena without
being in contact with them. Remote sensing deals with the detection and measurement of
phenomena with devices sensitive to electromagnetic energy such as light (cameras and
scanners), heat (therma scanners), and radio waves (radar). Remote sensing satellites gather
much of their information in wavelength bands from the near and mid-infrared parts of the
spectrum to microwaves, which are not visible to the human eye. Satellite images consist of
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many rectangular pixels or dots; each has a homogeneous electronic or digital value representing
the average of irradiant intensity measured over the corresponding area of the earth’s surface.
Unlike this type of data collection, some Russian remote sensing satellites have used high-quality
photographic film that is then digitized. With this system, resolution down to 2 m has been
achieved. Radar imagery has recently become available; this technique scans the earth from
space with a beam of radio waves and records the waves reflected back to the satellite. ERS-1
and JERS-1 are common radio wave (radar) systems used in geological and hydrological
applications. The results from radar can be difficult to interpret, but they have the advantage of
being able to operate through cloud cover and in the dark, in contrast to the optical sensors.

Over the past 20 years, advancements in technology have improved satellite image
resolution greatly, first to 80 m, and then down to 30, 20, and even 10 m on commercia
satellites. At 30 m resolution, crops and land use are visible, but roads and houses are not clearly
visible. The 10 m resolution monochrome, or panchromatic, image allows many features to be
identified, but it does not give as much information about land use (Ref 21).

One particular problem with using satellite imagery is cost constraint. With the
improvement of computer technology, hardware and software costs no longer pose a serious
problem for applying satellite remote sensing techniques. However, imagery itself can still be
relatively expensive, depending on the area covered and the resolutions needed. The higher the
resolution, the higher the basic cost per square kilometer of higher-resolution imagery. The
highest possible resolution may not always be the most appropriate. Temporal coverage of the
image is another limitation for satellite remote sensing. For higher-resolution images from
satellites, it would normally take two to three weeks to finish the temporal repeat coverage.
Remote sensing data has other limitations, such as atmospheric scattering, image distortion, and
cloud cover interference, which may be related to the wavelength being sensed (Ref 22). Another
problem with using satellite remote sensing is the need to take out the curvature of the earth.
Before data interpretation and subsequent data incorporation can occur, the image must be
geometrically corrected to take out the curvature of the earth by applying map projection. Some
clearly visible control points, such as crossroads or bridges, must be identified and then matched
to the coordinates of the same points on the image map. Sometimes GPS receivers are necessary
if the conventional maps available are not clear or accurate enough (Ref 23).
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The major obstacles to making practical use of satellite imagery are the special skills
needed to interpret the imagery. Particular wavelengths should be chosen to show the appropriate
color, and then the intensity of each color should be adjusted to achieve the maximum detail. The
next level of interpretation is identifying areas with similar characteristics. After the analysisis
completed, a number of the areas automatically identified by the computer should then be
checked against the ground; the proportion of areas correctly identified gives a confidence level
for the remainder. Normally, an 85 percent correct classification would be considered good for
such an analysis.

Remote sensing imagery has been successfully used in land-use interpretation. One major
benefit to using remote sensing imagery for GIS is that it can be extracted directly in digital
form. New satellites will make higher-quality data available that will be more useful for many
applications. Satellite remote sensing imagery with a resolution at meter level will be available

soon, while radar images can ensure that data are actually collected when they are needed.

4.6.4 Video-Logging

Traditional information management systems were developed to handle tabular data. The
advancement of information technology makes it possible to handle multimedia data, such as
videos, sounds, images, and texts. The integration of multimedia with GIS not only enhances the
capability of PMIS, but also makes possible a wide spectrum of other engineering applicationsin
transportation infrastructure management. When a vehicle is equipped with both GPS and video
cameras, it can record the positions of physical features on or near the roadway by geo-
referencing individual video frames. Centerline roadway or lane location data may be collected
simultaneously. The Odessa District is currently piloting a video-logging project. It incorporates
digital video cameras with GPS and an inertial guidance system to record centerline data,

roadway inventory, and data for base maps.
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The establishment of a GIS computing environment for PMIS includes the evaluation and
selection of software and hardware, the selection and setup of the operating systems and network
architecture, etc. The software recommendations include GIS software, database management
software, CADD software, etc. Because the costs of hardware tend to decline continuoudly, it is
better to purchase the hardware after both software and data have been selected. All of the
recommendations for software, hardware, operating systems, and network architecture must
comply with the regularly updated Core Technology Architecture and GIS Architecture
developed by TxDOT. It should also be noted that GIS has not proposed to replace business
processes that are working well. For example, the Microstation CAD environment for
engineering design would continue to be enhanced by some software such as GeoGraphics and
GeoPak (Ref 11).

5.1 GIS Software

GIS software provides the functions and tools needed to store, analyze, and display
geographic information. Key components of GIS software always include (Ref 2):

1) Toolsfor theinput and manipulation of geographic information.

2) A database management system (DBMS).

3) Toolsthat support geographic query, analysis, and visualization.

4) A graphical user interface (GUI) for easy accessto the tools.

Today, there is a wide range of GIS software packages on the market. As seen from
Figure 5.1, the GIS software packages from the ESRI family (ARC/INFO, ArcView, and PC
ARC/INFO) and Intergraph family (MGE 