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1. INTRODUCTION

At the Pennsylvania Department of Transportation (PennDOT), new technological tools are continually being developed and implemented to meet a wide range of transportation requirements.  As PennDOT is discovering, the potential applications for Geographic Information Systems (GIS) are far-reaching.  GIS is adding greater efficiency to existing operations, improving decision-support, and allowing managers to view things from a geographic perspective not realized in the past.

The purpose of this document is to provide PennDOT system developers, outside agencies, and consultants with a detailed summary of the Department’s GIS.  This summary traces the history and technical development of GIS at PennDOT.  Technical information is provided for those desiring to use, interface, or connect to the Department’s GIS.  However, this document should not be considered a replacement for constant communication.  Additionally, the Geographic Information Section publishes a quarterly newsletter.  Interested parties can add their name to the subscription list by contacting Frank DeSendi at 717-787-3738.

The first seeds of a GIS were sown in an effort begun during the late 1980s to digitize all 990 of the USGS 1:24,000 Quadrangle maps for the state.  The Development and Demonstration Division was formed in 1990 by using personnel within PennDOT.  In addition, during 1990 a GIS Working Group was formed and a contract to develop a GIS Strategic Plan was awarded.

1.1 Initial Strategic Plan

In September 1991, a GIS Strategic Plan was adopted and incorporated into the Department's Automated Technology Strategic Plan.  The plan proposed a phased modular approach to implementing GIS.  This allowed tasks to be completed and applications to be developed as technology, funding, and resources became available.  The success of this GIS project was attributed to close cooperation among the Bureau of Planning and Research, Bureau of Information Systems, and a Department-wide GIS Steering Committee.  The Committee was instrumental in exploring key GIS issues and ensuring the successful implementation of a Department-wide GIS.

The Development and Demonstration Division contracted for a competitive selection of GIS software in 1993.  A consultant was hired to sort through the vendors responding to a Request for Information and arranged demonstrations from the top contenders.  Intergraph, already used extensively within PennDOT for engineering Computer Aided Drafting Design (CADD), was selected as the GIS software, along with ORACLE for the Database Management Software (DBMS).

PennDOT progressed through the system design and development phases that, in 1995, the Bureau of Planning and Research (BPR) established a full-service GIS shop.  The Bureau’s Geographic Information Section generated GIS applications requested from end users throughout the Department, and formed the central support unit for a distributed system of remote users (e.g., Engineering District Offices).  The division provided customer services throughout the Department by developing products to support the highway and bridge construction programs, accident analysis, Highway Performance Monitoring System (HPMS), traffic counting, environmental analysis, and maintenance.  Customer services have been the major thrust of the GIS from day one. 

The final phase of the 1991 GIS Strategic Plan centered on system distribution and maintenance.  In 1996, PennDOT established an operational GIS in a remote Engineering District Office (12-0 in Uniontown) as a pilot study.  This was an on-going six-month study to determine the feasibility of GIS in an Engineering District Office.  Based on this success, GIS was made operational in all eleven Engineering District Offices.

1.2 Strategic Plan Update

With implementation in all eleven district offices complete by May 1997, the 1991 GIS Strategic Plan was fully implemented.  A GIS Strategic Plan Update was necessary for continued growth of the system.  The update was developed in three phases starting with a vision, then a customer needs and system review, and culminating with a written work plan.  The GIS Strategic Plan Update, published in January 1999, has four focal components: 1) GIS Management, 2) GIS Distribution, 3) GIS Applications, and 4) Systems Management.  Implementation of the plan could take 5 years or more.

As addressed in the GIS Strategic Plan Update, the next step from District implementation was Maintenance District (county) implementation.  The initial Engineering District implemented, District 12-0, requested GIS implementation in each of their four counties in 1997-98.  On September 18 1998 a kick-off meeting was held in District 12-0, and, as a result, GIS was implemented in Westmoreland and Greene Counties.  In the early spring of 1999, Fayette and Washington Counties were implemented.  GIS is used in the counties to improve maintenance planning and communication.  Other counties are being implemented as the need and resources permit.

Notable is the utilization of GIS in Westmoreland County as a contribution to the community.  James Keyes and Dave Parise have contributed by participating in large event planning, emergency response planning and Agility.

1.3 GIS innovations

GIS innovations included the release of a 1995 Department of Transportation Geographic Information System (GIS) CD-ROM.  An updated version was released in the spring of 1997.  The CD-ROMs were an endeavor to share graphic and non-graphic transportation data with other state and local agencies.  The CD-ROMs were distributed to other state agencies, federal agencies, regional planning organizations, counties, and municipalities upon request.  Under a memorandum of agreement, state universities distributed the CD-ROM to private concerns.  In the fall 1999, the updated data was delivered to the Pennsylvania Geographic Information Council’s (PAGIC) clearinghouse Web Site, Pennsylvania Spatial Data Access (PASDA).  PASDA is funded by the PA Department of Environmental Protection (DEP) and managed by the Pennsylvania State University (See Section 4).  All CD_ROM data is being distributed through PASDA.

Responding to frequent requests from planning partners and others, BPR, in cooperation with system owners, developed a data release standard for GIS formatted legacy data.  The standard, published in December 1998, identifies data that can be shared with planning partners or the public at large.  Data has been distributed to several Metropolitan Planning Organizations (MPOs) and Local Development Districts (LDDs) and county planning commissions as well as research universities, engineering consultants, and corporations.

In 1995, a partnership was established with the PA Historical and Museum Commission (PHMC) to identify, code, and document Pennsylvania’s cultural resources.  In this effort, PennDOT is attempting to streamline the environmental review process through data and technology sharing.  The US Army Corps. Of Engineers (USCOE), Baltimore, MD through their consultant captured the Susquehanna Drainage Basin inventory.  Concurrently, the Pennsylvania State Data Center, in cooperation with Penn State University, captured the remaining inventory.  The final, composite database resides on the PennDOT GIS server.  The PHMC maintains the data, the BPR System Administration Group manages the database.  The PHMC accesses the database across the Commonwealth MAN.  Limited access will be granted to PennDOT environmental managers in the Bureau of Environmental Quality (BEQ) and the District Offices.

2. ORGANIZATION OVERVIEW

2.1 Organization Structure

PennDOT’s GIS activities are managed by the Geographic Information Division(GID), operating under the Deputy Secretary for Planning in the Bureau of Planning and Research.  The Division is divided into three sections: GIS, Cartographic Information, and Systems Administration.

GIS functions are customer driven.  But, during the development phase of GIS a steering committee comprised of at least one representative from each deputate directed GIS activities.  This Committee, formed concurrently with the implementation of the first strategic plan, was viewed as the key to getting "buy-in" from management on GIS.  Particularly important was the partnership, within the Committee structure, established among the BPR, BIS, and the Bureau of Highway Safety and Traffic Engineering (BHSTE).  The Steering Committee met bimonthly.  In 1999, interest in and usefulness of the committee waned as GIS graduated from a conceptual phase to a development and maintenance phase.  Therefore, the committee was reorganized.  Membership included those individuals who wanted to remain on the committee or represented a large percentage of the customer base.  Meetings are held only when necessary and “mailings” of pertinent information is distributed to members for review and comment.

Typically there are eleven staff members and six on-site consultants working in the GIS and Systems Administration Sections of the Geographic Information Division.  During the planning process, Department staff realized the importance of having on-site consultants working side-by-side with staff allowing two-way interaction and an exchange of knowledge.  Subsequently, all of consultant services have been performed on-site.  The consultant obtains a better understanding of the transportation industry and can be monitored more effectively by the staff, and the staff’s GIS knowledge can be enhanced by consultant expertise.  Staff responsibilities include system administration, hardware and software acquisition, database maintenance and distribution, GIS development, contract management, help desk, and GIS products.  The Cartographic Information Section, located adjacent to the GIS Section in BPR and strongly linked to GIS activities, has eleven staff members.  Most GIS staff was recruited from within PennDOT.  Student interns from Pennsylvania colleges are occasionally used to supplement the workforce.  One intern has become a full-time member of the GIS Section.

The Geographic Information Division maintains the hardware and software related to GIS.  Staff also develops customized applications and provides GIS services and training to other central office Bureaus and to the District Offices.  GIS software training is usually provided at PennDOT’s central office with follow-up training in the field as necessary.  Training related documents and schedules are available from Todd Rottet at (717) 772-3241.

Generally, each District Office has a GIS Coordinator who interacts with GID staff, and a Lead Operator, who runs the on-site GIS applications.  The Maintenance District (county) Offices have two GIS operators.  The District supports implementation with assistance from GID.

3. CUSTOMERS

Initially, the BHSTE was the primary customer of GIS.  Now, many other divisions within the Department request GIS services.  GID staff estimates that over 95% of GIS customers and users are within PennDOT.  Maps for political and legislative functions, as well as for managers and staff within PennDOT are produced.

The Geographic Information Division has also assisted many MPOs and LDDs with the development of their GISs.  Other organizations involved in GIS data sharing activities include the PHMC, state universities, the Department of Conservation and Natural Resources (DCNR), DEP, the Game Commission, the Pennsylvania State Police, PASDA, and the Pennsylvania State Data Center.

4. COORDINATION WITH OTHER GIS EFFORTS

PennDOT GIS is participating in PAGIC, a Commonwealth initiative to coordinate GIS activities among state agencies.  PennDOT also participates in a multi-agency public/private data coordination effort in Pennsylvania called Pennsylvania Mapping and Geographic Information Consortium (PA-MAGIC).

PennDOT’s BPR also sponsors a MPO/LDD GIS Work Group.  This group meets quarterly to discuss GIS and transportation planning issues, training and data availability.  Additionally, Department GIS representatives participate in MPO & LDD regional GIS meetings and cooperative efforts.

5. CURRENT GIS-T OPERATIONS

5.1 Overview of Activities

The Geographic Information Division has undertaken a number of sophisticated and innovative GIS-T applications, combining vector and raster based spatial analyses, developing application-specific user interfaces, and integrating multiple linearly referenced data for visualization and analysis.  In contrast, efforts to expand GIS use among other PennDOT Bureaus and District Offices have, to date, focused on automating data mapping and data access tasks for planning purposes.

5.2 Base Map Development

Routine base-map maintenance activities are a coordinated effort between the Geographic Information and the Cartographic Information Sections.  Both GIS and cartographic activities use a single set of digital road centerline base maps first developed during the mid-1980s from USGS 1:24,000 scale quadrangle maps.  Railroad centerlines, legislative districts, airports, school districts, soils, urbanized areas, and intermodal facilities have also been added to the spatial database.  The map projection is polyconic; the map datum is 1983.  PennDOT does not use Census TIGER files or most national spatial data, nor do they generally digitize new spatial data.  The philosophy of the GID is not to create data; rather integrate data from existing sources.  Other data provided for District Office use include Digital Ortho-photo Quarter Quads (DOQs) from the mid 1990’s and Digital Raster Graphics (DRGs).  Both sets of data are stored in MrSID format by county.

5.3 Linear Referencing System

A single linear referencing system (LRS) is used throughout PennDOT to link the corporate databases to the road centerline base maps.  The LRS is defined in the Department’s Roadway Management System (RMS) as a county-route-segment-offset address.  Each segment is roughly one-half mile in length.  All state and federal-aid eligible roads are addressed in this manner.  The Bureau of Maintenance and Operations (BOMO) in the Deputate for Highway Administration maintains both the RMS and LRS.  Additionally, turnpike routes, ramps, ferries, and toll bridges are linked. For a more detailed discussion of this referencing system see section 9. 

For additional information please refer to the LRS Technical Manual published by BOMO and the Linear Referencing Practitioners Guidebook published by the Federal Highway Administration (FHWA).

The Division staff has had to convert their Intergraph-based LRS to a mile point system suitable for use in ARC/INFO to satisfy FHWA requirements for HPMS reporting. 

A pilot study was undertaken in District 6-0, the Philadelphia metropolitan area, to add linear referencing to non-federal aid local roads, primarily to show locations of accidents.  A named road was used as the primary feature, with intersection and offset information used to locate an event on the local road.  The existing road centerline database used in the Philadelphia area, at that time, was an enhanced version of the Census TIGER file.  A substantial amount of effort was spent trying to conflate this database with PennDOT’s road centerline.  The GIS staff felt that automated conflation software did not work as well as expected.  Therefore, conflation became a strictly manual effort.  Having resolved these issues, the Division completed a second local roads project was completed in Allegheny County.

Third party sources show promise for local roads statewide, but an implementation plan has not been pursued.  Of major concern is licensing, maintenance schedules, and data sharing restrictions.

5.4 Enterprise Data Integration

Senior management, through the Systems Enhancement and Integration Initiative (SEII) initiative has begun examining data and system requirements for integrated Department systems.  However, for GIS operation, the single RMS referencing system and other geographic coordinates are sufficient for GIS integrated data retrieval and analysis.  A long-term vision of the GID is to have all of PennDOT’s corporate databases maintained in a relational mainframe DBMS, thereby enabling direct, real-time queries.  For more information see Integrating Transportation Information Manager’s Guidebook and A New Vision Integrating Transportation Information Implementation Guidebook both published by FHWA.
5.5 Applications Development

The GIS staff and consultants have worked with other PennDOT Bureaus and District Offices to develop applications that range from desktop mapping to raster-based spatial analysis.  Brief descriptions of some of these applications are given below.

Crashes: Safety applications were the original drivers of the GIS effort.  Some application tools have been written using VB to group accident locations by rounding their position along a route to the nearest user-specified distance, such as 500 or 1000 feet.  Dynamic segmentation routines are used to show the coincidence between accident location and other road features, such as guide rails.  Symbols for the grouped accidents represent the number of accidents occurring at a location.

Traffic Monitoring Report and Map Generation: An application using VB programming was developed for traffic monitoring personnel to support traffic count management and map products.  The Traffic Monitoring System (TMS) permits the management of Traffic Monitoring sites statewide.  The Traffic Volume Map (TVM) application produces statewide and county traffic count maps.  The application permits ‘point and click’ map generation, by non-GIS staff.

GIS 2000: The GIS 2000 application allows GIS users to read and reformat linear or point data files (from Excel, Access, ASCII, SAS, etc.) for use within the GIS.  The application also loads the data into Oracle.

Twelve Year Program: The Twelve Year Program application allows managers to select capital improvement projects, maintenance and rehabilitation projects, and other types of improvements programmed on the twelve year plan to review, edit, and analyze.  This project involves integrating information from a variety of databases and modifying that information in a "what if" scenario.  Database modifications are stored in a temporary workspace file without changing the master data files.  This application produces both high quality maps and corresponding reports.

Snowfall Maps: The Winter Snow Maps Project uses raster-based analysis to determine average snowfall and snow days by county.  These numbers are used by PennDOT to address winter maintenance for the following year.

Cultural Resources: The Cultural Resources application integrates road centerline data, political boundaries, and soil data with archeological and historic site data.   As other environmental data becomes available the intention is development of a predictive model of potentially sensitive locations to streamline the review process.  Raster-based spatial analysis can be used to generate slope aspect and contour surfaces.  Because of the sensitive nature of archeological data, a fuzzy mapping strategy is employed to hide the exact location of known archeological sites.  The Categorical Exclusion Expert System (CEES) will provide Intranet based access to roadway and cultural resource features.

SLIQ: The Segment Location Identification Query Application began with Bedford County 911 address data with the Department’s State Route/ Segment data.  The result is a way to tie maintenance requests and customer complaints from an address to the SR Linear Referencing System.  And if the address is on a local road, the Maintenance Office can identify the proper municipality.  Using third party address matching (GDT), SLIQ has been ported to the Intranet and is accessible to all PennDOT staff on the network.

Web Technology: Web technology has enabled BPR to put interactive GIS mapping capability on every desktop on the Department’s WAN.  The application is part of the BPR Intranet Site.  The GIS Site contains canned mapping queries, zoom and pan capabilities, and access to all major legacy system data.  MrSID format DOQs, DRGs and video log information is accessible.  The web site accesses data through Oracle’s Spatial Cartridge.

Benchmark Data: Data from the National Geodetic Survey (NGS) has been converted into a relational database format.  Utilizing VB to parse the standard NGS attribute forms and Geomedia to generate point graphics, a data source was generated that all of PennDOT’s Planning and Design community can utilize to manage Pennsylvania’s thousands of Vertical and Horizontal control points.  Additionally, vertical control points database has been created for District 8-0 to manage, maintain, and quickly access elevation and location information geographically.
ISLE: The Interactive Straight Line Environment is a web based straight line data display tool.  Users can select assorted attributes displayed in relation to each other on a series of straight lines.  Each display covers three segment of roadway and also permits access to video log images.

MPMS: The Multi-modal Project Management System can access maps through a customized GeoMedia Web Map based add-on.  The application allows MPMS users to display and print maps of project locations for reports and applications.  The Center for Program Development and Management (CPDM) is the system owner.  A pared down version has been developed for planning partners on the Internet called MPMSi.

Quickmaps: A GeoMedia based application allowing a novice GIS user to enter a county, route, and segment and have the location mapped and returned to the screen.

Data Converter: A VB application that dumps the Oracle GIS database into Microsoft (MS) Access for use in GeoMedia.  Used by District Offices supporting county or standalone GeoMedia implementations.

SIMOS: The Sign Inventory Management and Ordering System is a GeoMedia based VB application that permits sign inventory and management through a geographic interface.  BHSTE is the system owner.

6. SYSTEM CONFIGURATION
6.1 Hardware

Current central office GIS and System Administration hardware consists of 37 IBM PCs with P3 or P4 processors running at 700MHx or 1500GHz.   Minimum PC configuration is 20-GB hard drive, 256-MB RAM, CD-ROM drive, and 21" color monitors.  Mapping hardware consists of eight Intergraph PCs with P3 processor running at 500 MHz, 128-MB RAM, 18-GB hard drive, CD-ROM drive, and dual 27” color monitors.  The PCs are networked to eight servers and five large format plotters.  There are two plot/print servers, a production and development database servers connected to a storage area network, a production and development web servers, an image, and a file server.  Five Hewlett Packard (HP) large format inkjet plotters comprise the plotting hardware. 

Current District Office GIS hardware includes at least one IBM PC with P4 processor running at 1500GHz, 256-MB RAM, 20-GB hard drive, CD-ROM drive, and 21" color monitors   and one HP large format inkjet plotter.  The District Office GIS Server has dual 550 MHz processors and 56 GB of hard drive space.  District equipment is networked via the Department’s Token Ring/Ethernet WAN.

6.2 Software

ORACLE DBMS is being used with Intergraph Modular GIS Environment (MGE).  The system is operated on a Windows NT/Windows 2000 platform within the Geographic Information Division.  In order to move some GIS capabilities to the desktop; several applications are being developed using GeoMedia. The GIS staff is writing applications in Visual Basic (VB) for users that have specific GIS-type tasks.  For example, BPR’s Traffic Monitoring System now has a customized application to design and produce maps showing count locations and monitoring site features. GeoMedia Web Map is being used to distribute GIS information from multiple sources over PennDOT’s Intranet.

6.3 Network

The Department’s GIS operates on an Ethernet 100Mb Local Area Network (LAN). This LAN is networked to the Department’s Ethernet 100Mb Wide Area Network this provides connectivity to the Districts and other remote sites.

7. DATABASE INFORMATION

The existing system of GIS hardware, communications networks, and databases operate as a distributed system. The Geographic Information Division downloads subsets of the Department’s legacy databases weekly.  Five years of corporate data are stored on the GIS database server for certain legacy systems.

These databases, together with the base maps that are maintained by the Cartographic Information Section, are accessible via a local area network (LAN) to all GIS users located at PennDOT’s Central Office.  Most users have read-only access to the base maps and corporate databases.

Updated data is regularly transferred to the eleven Engineering District Offices over the PennDOT WAN.  The data contain only information relevant to the Districts.  District operators can look at statewide data by connecting to the Central Office Servers.

Spatial Transportation Databases Created and Maintained by PennDOT
PennDOT developed its digital base maps at a 1:24,000 scale of resolution, digitized from USGS 7.5 minute quad sheets between 1986 and 1988 by PennDOT’s Cartographic Information Section. These maps are maintained and updated on a county-by-county basis using best-available imagery, usually at a scale of 1:12,000 but, where possible, at a scale of 1:2,400.  The base maps include all public roads, hydrographic features, political and administrative boundaries, municipal names, airports, railroads, intermodal terminals, and a statewide grid for the USGS quad sheets.

8. GIS Database Design Overview

8.1 Concepts

GIS works with 2 forms of data: graphic and non-graphic.  Graphic data in PennDOT’s GIS includes lines, points, and shapes that represent various geographic features:  transportation facilities (such as highways, bridges, airports, and railroads), political boundaries, and other land-based features or attributes relevant to transportation planning and analysis.

The GIS database is a collection of Oracle tables containing the non-graphic data that describe the graphic features in GIS applications.  A graphic element shows only the location, and in some cases, the shape of a feature.  The GIS database contains the attributes of the feature.

8.1.1 Data Sources

There are only a few primary data sets in the GIS database.  “Primary” means that the data is originally maintained there -- applications or procedures are in place to update and manage the data directly in the GIS database.  These data sets are the exception, however.  Most of the data in GIS is maintained in some other computer system environment, usually the PennDOT mainframe.  Table 1 shows the kinds of data stored in GIS and the sources of those data sets.

Programs and procedures have been developed to extract the information from the source databases, prepare it for integration with the GIS, and load it into Oracle tables in the GIS database.  In this process, the data may be reformatted to make it more compatible with GIS access needs, however, the content of the data is not altered.  

There will be a constant need to introduce additional data into the GIS database.  The most common need is in the area of managing the state highway system.  Various engineers, managers, and analysts throughout the Department have often made requests for the GIS operators in either the Central or District offices to produce thematic maps symbolized on the basis of data that is not contained in the GIS database.  The requesters may have files on the PennDOT mainframe, or on their desktop computer or server, that contain the information they want displayed on a map.  To address this need, a "generic data" facility is available for importing and storing new data in a prescribed format so it can be integrated with the GIS road network for use in GIS applications.  See section 8.2.2.7 Generic Linear and Point Data. 

Table 1 Data Sources
	Category
	Description
	Source

	State Roads
	Road segment inventory

Pavement and shoulder condition

Traffic volume statistics

Guardrails

Ramps

Administrative classifications

Street name & intersecting streets

Drainage pipes

Posted roads

Railroad crossings
	Roadway Management System on PennDOT mainframe

	Bridges
	Inventory & physical characteristics

Condition

Clearance

Waterway beneath

Railroad on or beneath
	Bridge Management System on PennDOT mainframe

	Airports
	Type of facility, aircraft, & runway
	Airport License database maintained locally by the Bureau of Aviation

	Railroads
	Railroad owner, operator, & trackage rights
	Bureau of Rail Freight, Ports, and Waterways

	Intermodal Facilities
	Type of facility
	IMS Inventory database maintained locally by the Bureau of Rail Freight, Ports, and Waterways

	Transportation Projects
	Twelve Year Program projects

Construction Accomplishments

Construction project contract status 
	Multi-Modal Project Management and Contracts Management Systems on PennDOT mainframe

	Highway maintenance
	Planned and actual work activities 
	Maintenance and Operations Resources Information System on PennDOT mainframe

	Traffic accident records
	Circumstances and characteristics of accidents

Areas of accident concentrations
	Accident Records System on PennDOT mainframe

	Traffic Monitoring Sites
	Traffic counting stations and count scheduling information


	Traffic Monitoring Sites Maintenance System is used by the Bureau of Planning and Research to maintain these data directly in the GIS database

	Boundaries
	Municipalities

Counties

U.S. Congressional Districts

PA House Districts

PA Senate Districts

PennDOT Engineering Districts

Pennsylvania school districts
	Bureau of Planning and Research maintains these databases in the GIS

	Cultural Resources
	Archaeological sites

Historic Resources
	Source data is owned and managed by the Bureau for Historic Preservation in the PA Historic and Museum Commission. 


8.1.2 Relational data model concept

The GIS uses Oracle, a relational database management system (RDBMS).  The GIS database utilizes features of the RDBMS to store data efficiently and to support the kinds of accesses typical in GIS applications.  In some respects, the data are organized differently in the GIS database than in its source databases (on the PennDOT mainframe, for instance).  One of the main differences is in the way data are “normalized” in GIS, to reduce redundancy.

8.1.2.1 Normalized Data

Information is organized in the GIS tables on the basis of how the data occurs:  For instance, each distinct project in the current 12 Year Program is stored in the database only once.  However, that project may have any number of locations, depending on the number of road sections are included in the project.  All location records are stored separately, so the project information does not have to be redundantly stored with each location.  Any or all of the locations can be combined with their respective project data, because the project number is stored on both the project table and the locations table.  See section 8.1.2.2 below on Relating Tables.

Another way that normalization techniques are used in GIS is in the storage of linear attribute data.  Different methods can be used to store highway attribute data.  Though each method may be valid, each may have advantages and disadvantages based on factors like the amount of storage space needed, the efficiency of updating processes, and especially, the techniques employed for accessing the data.

In the mainframe Roadway Management System (RMS) database, for instance, most attribute data are stored so that they related directly to the inventory segment record to which they are attributed.  Thus, every RMS segment record has associated with it, at least one additional record in which administrative information is stored, and at least one other additional record in which traffic volume information is stored.  (Administrative data consists of road classification information, such as functional classification, federal aid status, etc.  Traffic volume data consists of computed counts of the numbers of various types of vehicles that travel on the particular road segment on an average day.)

This storage method is efficient for transaction oriented processing in which either the administrative or traffic data are processed as an attribute of a given segment.  On the down side, the redundant storage of repeating data might be considered a disadvantage.  Most times, the administrative and traffic data remain constant over several contiguous road segments.  Therefore, the identical data is stored in multiple records (once for each segment), consuming additional storage space.

In GIS, roadway attributes are stored as linear features independent of segment markers.  So, if traffic volumes, for instance, remain constant over a distance covering multiple segments (or portions of segments), then a single record is stored, containing the constant traffic volume data, and the beginning and ending locations of that information (Figure 1).

Figure 1 Normalizing Road Attribute Data
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	County
	SR
	segment begin
	offset begin
	segment end
	offset end
	current aadt

	01
	0234
	540
	0
	540
	1702
	3272

	01
	0234
	540
	1702
	570
	0
	6368

	01
	0234
	570
	0
	570
	2192
	5590


8.1.2.2 Relating Tables

Data in different tables can be joined together when there is a common “key” field.  Keys are assigned in the source application system.  For example, each project in the Multi-Modal Project Management System (MPMS) is assigned a unique project identification number, which is used as a key field in both the MPMS and in GIS.

The relationships among some of the GIS Database components are illustrated in Figure 2 GIS Database Relationships.

Figure 2 GIS Database Relationships


The following are examples of queries that join data from multiple tables.

1.
By Road Segment/Offset Point
Sample query:  Join the locations of railroad crossings in RMS with maintenance activities at the same locations in MORIS

SELECT [columns]

FROM RMSRRX, MORPLAN

WHERE RMSRRX.CTY_CODE = MORPLAN.CTY_CODE

AND RMSRRX.ST_RT_NO = MORPLAN.ST_RT_NO

AND RMSRRX.SIDE_IND = MORPLAN.SIDE_IND

AND RMSRRX.SEG_PT BETWEEN MORPLAN.SEG_PT_BGN AND MORPLAN.SEG_PT_END

2.
Some special pointer fields are created in the GIS database specifically to relate tables.

Sample query:  Join each RMS segment with its traffic volume attributes
SELECT [columns]

FROM RMSSEG, RMSTRAFFIC

WHERE RMSSEG.CTY_CODE = RMSTRAFFIC.CTY_CODE

AND RMSSEG.ST_RT_NO = RMSTRAFFIC.ST_RT_NO

AND RMSSEG.SIDE_IND = RMSTRAFFIC.SIDE_IND

AND RMSSEG.NORM_TRAFF_BGN = RMSTRAFFIC.SEG_PT_BGN

3.
3-table join
Sample query:  Get all approved projects on posted bridges, that have not yet been let
SELECT [columns]

FROM MPMSPROJECT, MPMSLOCATION, BMSBRIDGE

WHERE MPMSLOCATION.BRIDGE_REF_NO = BMSBRIDGE. BRIDGE_REF_NO

AND MPMSLOCATION.PROJ_ID = MPMSPROJECT.PROJ_ID

AND BMSBRIDGE.POST_LIMIT > ‘00’

AND MPMSPROJECT.LET_IND = ‘E’

The table below shows the key fields that can be used to relate various tables.

Table 2 Keys for Relating Tables 

	Category
	Key Field
	Related Tables
	

	Bridges
	bridge_ref_no (BMS bridge key)
	bmsbridge

bmscond

bmswater

bmsrr

bmsclear
	Inventory & physical characteristics

Condition

Waterway beneath

Railroad on or beneath

Clearance

	Transportation Projects
	proj_id (MPMS project id)
	mpmsproject

mpmsphase

mpmslocation

mpmsfunding

cmsstatus

mpmscacproject

mpmscacphase

mpmscaclocation

mpmscacfunding

cmscacstatus
	Approved project

Project phase

Project location

Project funding 

Construction contract 

	Roadway surface treatments
	maint_plan_key
	morplan

mormatl
	Planned work activities

Planned materials usage

	Traffic Accident Records
	arn (Accident Record Number)
	arscrash

arspoint
	Circumstances and characteristics 

Crash site

	Traffic Monitoring Sites
	tms_site_no
	tmssite

tmsstation

tmsfunctn

tmsequip
	Traffic monitoring site

Traffic counting location

Program or type of station

In-pavement device at the station

	HPMS Samples
	hpms_sectn_id
	universe

sample
	HPMS Universe record

HPMS Sample section


8.1.3 Views

A view is a database object that provides a way of accessing data in one or more tables.  Views make it easier for users to work data in a relational database system, especially when the data are “normalized” as described above in section 8.1.2.1.

Figure 3 illustrates a common use of views.  The GIS database stores data according to the way the data occurs.  For instance a single project has one, and only one, record in the mpmsproject table.  However, that project can have multiple locations.  Each location has a separate record in the mpmslocation table.  

The view, named mpmsprojectview, combines data from both the mpmsproject and mpmslocation tables.  GIS software tools treat a view exactly like a table.  So, a user can query the mpmsprojectview view, selecting on project data, like LET_DATE, in a dynamic segmentation query.

Views have been generated for those instances in which attribute data has been separated in the GIS database from the location of the attributes.

Table 3 Views
	Base Attribute Data Table
	+ Location Data Table
	= View 

	mpmsproject - Approved project data
	mpmslocation
	mpmsprojectview

	mpmsphase - Approved project phases
	mpmslocation
	mpmsphaseview

	mpmsfunding –Project funding
	mpmslocation
	mpmsfundingview

	cmsstatus - Current construction contract status
	mpmslocation
	cmsstatusview 

	mpmscacproject - Construction project data
	mpmscaclocation
	mpmscacprojectview

	mpmscacphase - Construction project phases
	mpmcacslocation
	mpmscacphaseview

	mpmscacfunding – Construction Project funding
	mpmscaclocation
	mpmscacfundingview

	cmscacstatus - Construction contract status
	mpmscaclocation
	cmscacstatusview 

	mormatl - Highway maintenance materials
	morplan
	mormatlda

	bmscond - Bridge condition
	bmsbridge
	bmscondda

	bmsclear - Bridge under-clearance
	bmsbridge
	bmsclearda

	bmswater - Waterways under bridges
	bmsbridge
	bmswaterda

	bmsrr - Railroad on/under bridges 
	bmsbridge
	bmsrrda

	arscrash - Accident data
	arspoint
	arscrashda
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Figure 3 Joining Related Data in a View

8.1.4 Security

With only a few exceptions, the data in the GIS database is copied from other data sources (see section 8.1.1 Data Sources).  Other divisions within PennDOT have the responsibilities, as proprietors of the data, for its collection, updating, and control.  The Geographic Information Division (GID) has obtained the consent of each of those proprietors to copy and store their data in GIS. GID is obliged to restrict access to the data as instructed by the proprietors of the data.  There are 3 levels of control on read access to the GIS database:

· Unlimited – All GIS users have access; no restrictions on sharing the data outside the Department;

· Internal Use Only – Access by Department personnel is unlimited, but specific approval of proprietor must be granted in order to share the data outside the Department;

· Restricted – No access is allowed without specific approval of proprietor.

Restricted access is controlled at the schema level.  For example, all cultural resources data are restricted.  Placing them in a separate schema controls access to these data sets.  Since all schemas are password protected, only authorized users are have access to the cultural resources schema.

“Internal use only” access is controlled manually.  The GID will not export internal-use-only data to external users (outside PennDOT) without consent of the data proprietors.  This restriction can apply either to individual fields, or to entire tables.

GID maintains metadata describing the level of access control for each table and each field in the GIS database. This information can be found at on the Department Intranet.

8.2 Data Organization and Content

8.2.1 Technical environment

GIS data is stored in the Oracle relational database management system, centrally located on the Intergraph SMP server in the office of the Bureau of Planning and Research.  Modular GIS Environment (MGE) software tools access the database through Intergraph’s Relation Interface System (RIS) software product.  

RIS has several limitations that help ensure that it will work with a variety of database management systems.  These are some of the limits documented in the Intergraph publication, Relational Interface System SQL Users’ Guide, Appendix E.: RIS Limits (1994).

· Character columns cannot be larger than 240 characters.

· The precision of a decimal column cannot exceed 15 digits.

· Number of columns in a table or view cannot be greater than 254.

· The number of columns specified in a create index statement cannot be greater than 8.

· The maximum length for schema, table, view, index, and column names is 18 characters.

8.2.2 Tables

This section describes the types of data that comprise the GIS attribute databases.  For a complete description of the formats of these tables, and the domain values for code fields, see the GIS Database Dictionary on the Intranet.  Hard copy or MS Word version is available, however this version is not actively maintained.

8.2.2.1 Roadway Inventory

8.2.2.1.1 State Roads

The Roadway Management System (RMS) is the Department's centralized data processing application system for managing the Pennsylvania's state highway assets.  The RMS databases record the location, physical characteristics, condition, usage and administrative attributes of all state roads.

RMS integrates several management, monitoring, maintenance and reporting functions.  All attributes of any state road are stored in RMS by their location.  All functions integrated in RMS use the same location referencing scheme:  county code, route number, segment number, and offset.  See section 9 Linear Referencing System - Roads, for more information.

Each of the RMS tables in GIS contains location data so that its attributes can be used in MGE dynamic segmentation applications without joining another table.  The location data in each record mark the range (beginning and ending points) of its attributes.  (See section 8.1.2.1 Normalized Data for an explanation of how redundant occurrences of identical attributes are eliminated.)

Table 4 GIS Database Tables of RMS Data

	Table Name
	Non-State
	Description
	Occurrence


	rmsseg
	
	Road segment inventory; location and physical characteristics of road segment
	One row per segment

	rmsadmin
	
	Classification of the road segment for administrative and reporting purposes
	One row for each contiguous section of a route (i.e., each nlf_id) over which all the administrative attributes remain unchanged

	rmstraffic
	
	Traffic volumes; measured and calculated amounts of vehicle traffic that travel the section of road
	One row for each contiguous section of a route (i.e., each nlf_id) over which all the traffic volume attributes remain unchanged

	rmstrhist
	
	Traffic volume history; vehicle traffic amount from previous years’ measurements
	One row for each contiguous section of a route (i.e., each nlf_id) over which all the traffic volume attributes remain unchanged

	rmspavement
	
	Type of pavement surface
	One row for each contiguous section of a route (i.e., each nlf_id) over which all the pavement attributes remain unchanged

	rmspipe
	
	Drainage pipe survey data
	On row for each drainage pipe

	rmsshld
	
	Type and condition of shoulder
	One row for each contiguous section of a route (i.e., each nlf_id), for each shoulder, over which all the shoulder attributes remain unchanged.  If a section of road has no shoulders, there is no row in this table for that section of road.  If the road section has a shoulder on one or both sides, there is a row on this table for each side where there is shoulder.

	rmsgdrail
	
	Location and description of guardrails
	One row for each guardrail on a segment.  Guardrails on opposite sides of the road are recorded separately.  Guardrails that span RMS segments will have separate rows on this table for each segment.

	rmsramp
	
	Location on a traffic route where a ramp enters or exits the traffic route
	One row for each ramp segment


	rmshpmssam
	
	Locations of Highway Performance Monitoring System (HPMS) sample sections
	One row for each HPMS sample section

	rmsintersection
	
	Point locations of all roads that intersect at-grade with a state route
	One row for each intersecting road. There may be multiple intersecting roads at a given point.

	rmsmunic
	
	Municipality in which the section of road lies
	One row for each contiguous section of a route (i.e., each nlf_id) over which the municipality remains unchanged.  If the section of road straddles a municipal boundary, each municipality is recorded in a separate row in this table.

	rmstroute
	
	Traffic route number(s) associated with a section of road
	One row for each contiguous section of a state route (i.e., each nlf_id) covered by a traffic route number.  If a state route carries more than one traffic route, each traffic route number is recorded in a separate row in this table.

	rmsrrx
	
	Railroad crossing
	One row for each railroad track intersecting a state road.

	rmslr
	
	Legislative route number associated with a section of road
	One row for each contiguous section of a state route (i.e., each nlf_id) covered by an LR number

	rms_street_alias
	
	Street name associated with a single section of road between 2 intersections.

Note: This table contains state road sections. A comparable table, rms_local_street, is identically structured, but contains the local roads.
	One row for each section of a state route between 2 intersections within a single municipality

	rms_node_alias
	
	Names of intersecting streets at each intersection on a state road.  This table is used in combination with the rms_street_alias table to identify street names at any intersection on a state route.

Note: This table contains state road sections. A comparable table, rms_local_node, is identically structured, but contains the local roads.
	One row for each distinctly named street intersecting a state road

	rms_nlf_control
	
	Network linear feature control table; provides linkage to graphic elements in centerline files to produce road network for GIS operations.

Note: This table contains state road sections. A comparable table, rms_local_control, is identically structured, but contains the local roads.
	One row for each graphic element representing a section of a route between two control points.

	rmsposted
	
	Posted roads.
	One row for each contiguous section of a route over which all posting information remains unchanged.

	rmsiri
	
	Pavement roughness summaries from tests taken each year.
	One row for each tested lane of a segment, by date tested.


A in the Non-State column means that the table contains turnpike and non-state federal aid data in addition to state route data.

8.2.2.1.1.1 Divided Highways

Most major highways are divided by some barrier or median.  PennDOT manages the parallel segments of divided highways as though they are separate roadways.  RMS inventories the segments of such divided highways separately.  Generally, north- or east-bound lanes are assigned even-numbered segment numbers; the parallel south- or west-bound segments are odd-numbered.  

The Cartographic Information Section digitized the centerlines of each side of the divided highways as separate graphic elements.  

The GIS maintains this distinction.  Parallel sets of graphics are linked separately to their corresponding database records, producing distinct linear features.  Therefore, attribute data (projects, accidents, etc.) that are recorded with a segment-level location reference, can be attributed to the corresponding line graphic.

8.2.2.1.1.2 Null Segments

A null segment is used in the RMS to represent a discontinuity, or interruption, in a road alignment.  Figure 4 below illustrates:  Route 274 is discontinuous.  It terminates at the end of its segment 0620, then resumes again about 3½ miles away at segment 0630.  In between those points, Route 34 takes precedence.  The normal order of precedence is Interstates, followed by U.S. Traffic Routes, then PA Traffic Routes, and finally, other state routes.  Within each of these categories, generally the lower numbered route takes precedence.
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Figure 4 Null Segments

The gray shaded line segment in the illustration is designated route number 34.  All their attributes are recorded under SR 34 segment records.  From the perspective of route 274, the entire gray shaded road is a single null segment of indeterminate length.  

Similarly, in GIS the shaded road section is identified as route 34.  Since route 274 is discontinuous, it is comprised of two separate linear features, which are therefore identified by distinct network linear feature identifiers (nlf_id).

Null segments are used in RMS denote any discontinuity.  Another typical example is the situation where a section of a route is “turned back” to the local municipality.  The municipality assumes responsibility for maintaining that portion of roadway.  It is, in effect, removed from the state highway system.  In RMS, the turned-back segments would be replace by a single null segment.

8.2.2.1.2 Non-State Roads

8.2.2.1.2.1 Turnpike

Though the Department does not have principle responsibility for management and maintenance of the Pennsylvania Turnpike, it is a significant part of the state's transportation infrastructure.  PennDOT is required to include the turnpike in HPMS and other federal reporting.  The turnpike is part of the National Highway System.  For these reasons, the turnpike is included in the GIS road network.

The main differences between the state highway system and the turnpike, from the standpoint of the GIS database, are

1. The quantity of turnpike data maintained in PennDOT databases is limited to those data required for federal reporting.  For instance, administrative and traffic volume data are recorded for turnpike roads, but pavement and shoulder conditions are not.

2. Location referencing on the turnpike is based on milepost rather the RMS standard of segment/offset.

Section 9 Linear Referencing System - Roads, explains how the turnpike is integrated into the GIS linear road network. 

PennDOT receives a limited amount of attribute data about the turnpike annually from the Pennsylvania Turnpike Commission.  These data are stored in the RMS Non-State Database on the PennDOT mainframe computer system.  Records are extracted from that database, and stored along with state route information in the following GIS database tables.  (Note:  These tables are described above in Table 4 GIS Database Tables of RMS Data.)

· rmsseg

· rmsadmin

· rmstraffic

· rmshpmssam

· rmsmunic

· rmstroute

8.2.2.1.2.2 Non-State Federal Aid

Municipalities can receive federal funding for the maintenance of certain qualifying roads in their jurisdictions.  These are usually locally owned roads that are either classified as principal arterials, or are designated as part of the National Highway System (or both).  Though the Department does not have principle responsibility for management and maintenance of these roads, they are considered an important part of the state's transportation infrastructure.  PennDOT is required to include these roads in HPMS and other federal reporting.  For these reasons, they are included in the GIS highway network.

PennDOT receives a limited amount of attribute data about these roads annually from the local municipality.  These data are stored in the RMS Non-State Database on the PennDOT mainframe computer system.  Records are extracted from that database, and stored along with state route information in the following GIS database tables.  (Note:  These tables are described above in Table 4 GIS Database Tables of RMS Data.)

· rmsseg

· rmsadmin

· rmstraffic

· rmshpmssam

· rmsmunic

· rmstroute

The main differences between the state system and these selected local federal aid roads, from the standpoint of the GIS database, are

1. The quantity of data maintained in PennDOT databases on these roads is limited to those data required for federal reporting.  For instance, administrative and traffic volume data are recorded for these roads, but pavement and shoulder conditions are not.

2. Location referencing is slightly different for these roads because they do not have a route number physically posted on the road that can be used as a database record key, like the state route number.

3. The RMS Non-State database is not integrated with any other PennDOT database system.  The location referencing scheme used to identify local federal aid roads (the federal id. code) is not used in any other PennDOT database to record features or attributes on these roads.  That is, applications like BMS, MPMS and CRS, might record features on these roads, but they do not reference their location according to the federal id code. 

8.2.2.2 Bridges

The Department is responsible for management of all bridge structures in the state greater than 8 feet in length, regardless of ownership.  The Bridge Management System (BMS) data include the location, dimensions, physical and administrative characteristics, and condition of each bridge.  It also includes attributes of the features both on and under the bridge.  The information is used for planning inspections, maintenance and other treatment, and programming restoration and replacement projects. 

Map users often view bridges as point features.  But since they have linear dimension in the real world, they are stored as linear features in GIS.

On the mainframe, the BMS database stores a number of attributes of the roads that travel on and under the bridge.  In GIS however, the roadway attributes are found only in the RMS tables.  No roadway data is extracted from BMS, since it would be redundant with the data already found in the RMS tables.

When a bridge carries a state route, BMS stores the state route location (county, SR number, segment number and offset) at the begin point of the bridge.  The end point of the bridge can be calculated by adding the length of the bridge to the beginning point.  Therefore, the locations of these bridges can be associated with the GIS linear road network. 

However, about a quarter of all Pennsylvania's bridges do not carry a state route.  (They carry a local road, railroad, or walkway.)  The locations of those bridges do not conform to the location referencing system used in the PennDOT GIS linear road network.  An alternative way to geo-reference bridges is by their geographic coordinates.  Since bridges are permanent features, this location method is appropriate because the latitude and longitude of a feature is permanent.  Coordinates are stored in BMS for most bridges.

The GIS database allows for both methods of locating bridges, both as distributed attributes of the linear road network, and by latitude/longitude. 

Table 5 GIS Database Tables of BMS Data

	Table Name
	Description
	Occurrence

	bmsbridge
	Inventory of bridges and their physical characteristics
	One row per bridge

	bmscond
	Information about the condition of the bridge, as recorded in the most recent bridge inspection
	One row per bridge

	bmsclear
	Vertical and horizontal clearance dimensions for the road running under a bridge
	One row for each state route that passes under a bridge

	bmswater
	Information about the waterway under a bridge
	One row for each bridge that has a waterway under it

	bmsrr
	Identifies the railroad tracks passing either on or under a bridge
	One row for each railroad service that passes either on or under a bridge

	Views
	Description
	Occurrence

	bmscondda
	Joins bridge condition attributes with the bridge location data.
	One row per bridge

	bmsclearda
	Joins bridge under-clearance attributes with the bridge location data.
	One row for each state route that passes under a bridge

	bmswaterda
	Joins waterway under bridge attributes with the bridge location data.
	One row for each bridge that has a waterway under it

	bmsrrda
	Joins railroad bridge attributes with the bridge location data.
	One row for each railroad service that passes either on or under a bridge


8.2.2.3 Highway Maintenance 

Highway maintenance managers and engineers, throughout the Department, record planned and actual maintenance activities in the Maintenance Operations and Resources Information System (MORIS) on the PennDOT mainframe computer. All planned maintenance activities are recorded in the MORIS database, from an annual work plan, down to weekly plans for individual reporting units.  The system is also used to track all completed maintenance activities and expenses.  Field personnel use MORIS to record road deficiencies they have observed.  Maintenance managers schedule activities, equipment and other resources in MORIS to make the repairs.  They can designate certain activities for funding under the 213 Plan, the Department's plan for low-cost surface improvements on state roads.

Not all planned and actual maintenance activities recorded in MORIS are imported into the GIS database.  GIS selects from MORIS only those records related to highway maintenance or agility – this includes any record with a work program code (the 1st 3 positions of the activity code) equal to 618, 711, 712, 713, or 714.  GIS stores all these MORIS activities for the most recent 5 years – current year and 4 prior years.

8.2.2.3.1 MORIS Plan Data in GIS

In the MORIS mainframe application, when a planned activity is moved to the 213 Plan, a special record automatically created in the MORIS database.  That record is created with a value of zero in the reporting unit (RPT_UNIT) field, regardless of actual unit that originated the plan item.  Tracking processes in MORIS operate on this specially created record. 

8.2.2.3.2 MORIS Actual Data in GIS

In the MORIS mainframe database, multiple records can represent a single maintenance activity.  Highway Maintenance users will make separate entries into MORIS.  For instance, an activity that occurs over several days can be entered in daily increments. When imported into GIS, these multiple records are combined into a single activity record covering the entire range of road segments that were treated.

Table 6 GIS Database Tables/Views of MORIS Data

	Table/View Name
	Description
	Occurrence

	Morplan
	Planned surface treatment work activity
	One row for each selected activity However, if the section of road to be treated covers multiple RMS segments interrupted by a “null segment”, separate records will be generated in this table for each contiguous section of road separated by the null segment(s) (i.e., each nlf_id).

	Mormatlda
	Quantity and costs of commodity materials related to the activity
	Up to 2 rows may occur for per activity record: one for bituminous and one for aggregate or other commodity

	Moractual
	Completed highway maintenance activities.
	One row for each selected activity However, if the section of road to be treated covers multiple RMS segments interrupted by a “null segment”, separate records will be generated in this table for each contiguous section of road separated by the null segment(s) (i.e., each nlf_id).


8.2.2.4 Transportation Projects

Planning and managing major construction and restoration projects on highways and bridges in the state involves a complex process of selection, qualification, design, funding allocation, and approvals.  Projects are planned, programmed and reported using Multi-Modal Project Management Systems (MPMS).  The MPMS database resides on the PennDOT mainframe.  The information in the MPMS databases includes location, project scope, improvement type, funding sources, and schedule.

Of all the projects that are recorded in MPMS, only certain ones are selected for inclusion in the GIS database.  Two different sets of project data are stored in GIS:

1. Projects that are on the current approved Twelve Year Program, and have a project status of either “active”, “programmed”, or “candidate”

2. Construction Accomplishments – Any projects that have been advanced to construction, including all completed construction projects.  The criterion to identify project accomplishments is that an actual date has been recorded for any of the following milestones in the construction phase:

Let, Award, Notice to Proceed, Open to Traffic, 

Physical Work Complete, or Cash Flow Complete

8.2.2.4.1 Structure

Construction Accomplishments are stored in a separate set of tables in the GIS database, identical in structure to the current Twelve Year Program tables.  This should be the most convenient structure for GIS users because they will need to learn only one structure for all MPMS data, and they will have a distinct choice of sources for current Twelve Year Program projects versus accomplishments.

Table 7 GIS Database Tables of MPMS Data

	12 Year Program Views
	Construction Accomplishment Views
	Description
	Occurrence

	MpmsProjectView
	MpmsCACProjectView
	Project information: type of project, milestone dates, total project costs, and location
	One row for each location of any selected project 

	MpmsPhaseView
	MpmsCACPhaseView
	Project phase-related data, including status, type of work, funding appropriation, and total phase costs
	For each selected project location, one row for each project phase.

	MpmsFundingView
	MpmsCACFundingView
	Funding sources and amounts for a project phase
	For each selected project location, one row for each funding category related to a project phase.

	CmsStatusView
	CmsCACStatusView
	Construction project status information
	One row for each selected project location having a related contract in current, semi-final, or final status in CMS.


8.2.2.4.2 Project and Phase Data

· There are several fields in the Project Information table that record attributes of the program (program type, area, years).  In the Construction Accomplishments Project table these fields will be “Null” because the program is irrelevant – The project can be in multiple programs, or no program at all.

· For the Twelve Year Program, GIS stores project phase data only for the phases of the project that are included in the approved Twelve Year Program.  But for Construction Accomplishments, the GIS stores a record of each phase of a selected project, regardless of programming.

· A project can have up to 7 phases: study, preliminary engineering, final design, utility, right-of-way, construction, and planning-research-administration.

· The Project Information table contains values for total dollar amounts.  On the Twelve Year Program project table they record the total of all phases of the project that are included in the approved Twelve Year Program.  In the Construction Accomplishments project table, they will contain the total of all project phases, regardless of programming.

· In the Project Phase tables for both the Twelve Year Program and the Construction Accomplishments, the values contained in the phase dollar amount fields are the total amount for the phase, not the program amount.

8.2.2.4.3 Project Location Data

If the project is on a state route, the location of the project is recorded according to the standard location referencing scheme (county, SR, segments and offsets).  Projects that do not have a state route location recorded in the MPMS databases have no definable location reference, and therefore will not appear in any project views.

Also, a project can cover multiple, non-contiguous locations (for example, several bridges along a particular route).  In any project view, the project information will appear in multiple occurrences – once for each location.  A single “location” may span multiple RMS segments.  If available, geographic coordinates can be used to plot projects.

Some caution should be exercised when plotting projects.  Some locations may change in the RMS database, but not adjusted in the MPMS database.

8.2.2.4.4 Current Construction Contract Data

Information pertaining to construction contracts is captured in GIS.  This information is available only if a contract has been recorded in the PennDOT Contracts Management System (CMS) that relates to a project selected for either the Twelve Year Program or Construction Accomplishments database in GIS.  CMS supports a wide variety of scheduling, accounting, and administrative functions.  Only a relatively small portion of the CMS data is made brought into GIS:

· First, only contracts that are in current, semi-final, or final status are selected.  These contract records represent projects that are either currently under construction, in the inspection/review phase, or completed.  Contracts that are in earlier phases, like preliminary or contractor selection, are not brought into GIS.  

· Secondly, for those contract records that are selected, only a few items, relating to status, percent complete, and total cost are extracted for use in GIS.

There is not a one-to-one relationship between approved projects and contracts.  First, many projects have not yet begun construction.  Also, multiple separate projects can be combined under a single contract.

8.2.2.5 Traffic Crash Records

The Department maintains an active record of every traffic accident over the past 5 years, in which there was either personal injury, or damage to a vehicle sufficient to cause it to be towed from the scene.  These data are stored in the Crash Records System (CRS) databases on the PennDOT mainframe computer.  Information from the CRS is used for a variety of safety management programs both within and outside the Department, including the development of transportation improvement projects.

  The locations of crashes that occur on a state road are recorded in CRS according to the RMS standard location referencing scheme.  These state road crashes are selected for inclusion in the GIS database.  Crashes on any of the Pennsylvania Turnpike roads are also selected, and their locations are converted to the GIS linear referencing scheme.  Crashes involving only local roads are selected only if the crash occurred in Allegheny county or one of the 5 counties in District 6:  Bucks, Chester, Delaware, Montgomery, or Philadelphia.  (Only the local roads for these 6 counties have been developed in the GIS linear network.)

CRS records extensively detailed information about each crash:  data about each person’s involvement and injuries, data about each vehicle and driver, data about dynamics of each vehicle’s movements, and so on.  The GIS database contains only a summary of these attributes:  the time and place, physical and environmental conditions, and the presence or absence of certain types of vehicles, classifications of drivers, and types of events that were involved.

Annually, a series of CRS processes scans all crash data and attempts to identify state route locations where the frequency and severity of crashes is higher than normal.  The results are stored in a separate database of "priority locations" on the mainframe.  An extract of this database is also stored in GIS for crash analysis applications.

Table 8 GIS Database Tables of CRS Data
	Table Name
	Description
	Occurrence

	Arscrash
	Circumstances and characteristics of a crash
	One row for each crash that occurred on either a state road or turnpike. However, for crashes that occurred in District 6, all crashes are selected.

	Arspoint
	Location of the crash on the road network
	For each crash, one row for each distinct route or street involved.  Note: local roads are included only in crashes occurring in District 6

	Arscluster
	Areas of specific types of accident concentrations on state roads
	One row for each “priority location” recorded in ARS.

	Arsixncluster
	Intersections having certain levels of accident concentrations
	One row for each intersection “priority location” recorded in ARS.

	Views
	Description
	Occurrence

	Arscrashda
	Joins the crash attributes (circumstances and characteristics) with their corresponding locations
	For each crash, one row for each distinct route or street involved.  


8.2.2.6 Traffic Monitoring

The Department actively measures actual vehicle traffic on state roads.  A variety of counting devices are used.  Some are sensors imbedded in the pavement; others are portable devices.  Some of these devices classify the vehicles they detect in terms of the weight and/or number of axles.  By systematically collecting these measurements at control and sample locations, and applying them in standard algorithms, the Department calculates various statistics that approximate vehicle traffic volumes at any road segment.  These statistics, like the annualized average daily traffic volume (AADT) are used in many analysis, planning, and reporting functions.

Based on such statistics, PennDOT has developed a “traffic limits” database on the PennDOT mainframe system that depicts the segmentation of the state highway system (including all state routes and all non-state federal aid roads) according to the pattern of computed traffic volumes.  The database records beginning and ending points on a roadway representing the “limits”; between those limits, all points have statistically the same computed traffic volume.

Monitoring traffic according to these methods is an on-going responsibility, to keep up with and detect regional changes in traffic patterns.  The Transportation System Monitoring Division of the Bureau of Planning and Research plans, schedules, and manages the traffic counting work.  This work includes managing the traffic counting equipment and identifying and scheduling the sites where counting devices should be deployed.  The Traffic Monitoring Sites Maintenance System (TMS) was implemented to support this work.  TMS has user interface programs whereby users update the equipment, location and scheduling data directly in the GIS database.

Table 9 GIS Database Tables for TMS

	Table Name
	Description
	Occurrence

	tmscounts
	Raw traffic counts
	One row for each state route location where a count was reported from the field, as recorded in the RMS Traffic Database

	tmslimits
	Traffic extrapolation limit sets
	One row for each set of limits.  Generally, each limit set has a unique limit_id.  But, the 2 sides of a divided highway can have the same limit_id.  Also, there is an overlap of limit_ids between state roads and non-state roads.  Therefore, a distinct limit set has a unique combination of jurisdiction code, limit_id, and side indicator. 

	tmslimitseg
	Range(s) of segments that make up a limit set
	One row for each contiguous section of each route in the limit set (i.e., each nlf_id)

	tmssite *
	Traffic monitoring sites – this table is used for administrative control, as a way to group multiple count locations into one collective “site”.
	One row for each site

	tmsstation *
	Traffic counting stations – location, scheduling, and control information about each point on the road network where counts are planned to be taken.
	One row for each counting station.  Multiple stations can occur for a site (eg, parallel points on the 2 sides of a divided highway).  Each station is identified by a unique combination of site number and sequence number.

	tmsfunctn *
	Function, or usage, associated with a station (example: weigh-in-motion, speed limit certification, HPMS, etc)
	One row for each function of a station

	tmsequip *
	In-pavement traffic monitoring equipment at a station
	One row for each traffic monitoring device permanently installed at the site


· Note:  These are “primary” tables in the GIS database.  That is, all updating is performed directly on these tables – the data in these tables are not imported from some other source database. 

8.2.2.7 Generic Linear and Point Data

Two "generic" tables are available for GIS users to bring in a limited amount of data from an external source, and store it on a temporary basis, provided it conforms to the standard linear referencing scheme or latitude/longitude.

The user can have multiple sets of data, each for a different application.  For each application, the user can have separate versions of the data set, representing different time frames or different Districts, for instance.  Within each version, the user can have multiple "scenarios" or categories of data, based on separate criteria.  These levels of categorization of data are possible through the index columns on the generic tables:

user_name should be used to describe a project or application.

project_control_no should be used to distinguish between different versions or categories of data within an application.

Scenario should be used for further categorizing groupings of data within a version.  Therefore, multiple users can utilize the tables simultaneously.

Both generic tables have this hierarchy of indexes.  One table, genlin, is to be used for linear features; the other, genpt, is for point features.

Management of data in the generic tables is the responsibility of the individual GIS user.

Programs are available on both the PennDOT mainframe and the GIS network to accept a user-supplied data file, and prepare separate linear and point output files, formatted for loading directly into the genlin and genpt Oracle tables. 

8.2.2.7.1 Generic Data Import Programs  (GIS2000)

To run the generic data import, double-click on the program icon.  This program reads distributed attribute data in a text-format (*.txt, *.prn), Excel format (*.xls), and an Access format (*.mdb), and automatically loads the data into the generic attribute tables, genlin or genpt.  For a complete description of how to use GIS2000, refer to the GIS2000 Application Description pamphlet. 

8.2.2.8 Boundaries

PennDOT’s GIS boundary database consists of several tables that relate to area features.  These features represent certain political and jurisdictional divisions in Pennsylvania.

GIS Database Tables/Views of Boundary Data
	Table/View Name
	Description
	Occurrence

	county_table
	Pennsylvania counties
	One row for each county

	municipal_rms
	Pennsylvania municipalities (cities, townships, boroughs, etc.)
	One row for each municipality

	congress_table
	U.S. Congressional districts in Pennsylvania
	One row for each district

	house_rep_table
	Pennsylvania state House of Representatives districts
	One row for each district

	senatorial_table
	Pennsylvania state senatorial districts
	One row for each district

	school_districts
	Pennsylvania School Districts
	One row for each district

	school_iu
	Pennsylvania Intermediate Units
	One row for each unit

	planning_agencies
	Pennsylvania Transportation Planning Agencies
	One row for each agency


8.2.2.9 Airports and Intermodal Facilities

In addition to managing the Commonwealth’s road systems, PennDOT has many licensing, monitoring, planning, and funding responsibilities involving other modes of transportation.  The GIS database reflects the Department’s broad transportation interests by maintaining intermodal systems (IMS) information relevant to airports, railroads, and other intermodal facilities.

A GIS database contains information about each of the public-use airports in Pennsylvania.  The data in the airport database includes identifying information (such as name, site designation, associated city), numbers of various types of aircraft based there, ownership, and selected runway information.  The source of these data is the airport license database maintained by the Bureau of Aviation.  Each airport in the database is linked to a “point” in a map file.  The geographic location of the point was determined from latitude/longitude coordinates, also obtained from the airport license database.  

Airports are integrated with the GIS linear road network.  In addition to being located by their latitude/longitude, each public use airport is also located as a distributed attribute on the nearest state highway.

Table 10 GIS Database Tables/Views of IMS Data 
	Table/View Name
	Description
	Occurrence

	ims_airport
	Licensing information, such as name, location, registered aircraft, and maximum runway, for all public use airports.
	One for each airport

	ims_imloc
	Intermodal facilities’ management information, like type of services
	One row for each facility, not maintained


8.2.2.10 Railroads

The Department performs several functions related to railroads, including planning, funding, and inspection.  Also, there are over a hundred miles of state-owned railroad that PennDOT has responsibility for.

A network of railroad lines and related data are stored in the GIS database.  The railroad database contains information such as the owner, the number of tracks, trackage rights, and the length of rail line segments.  Each railroad segment is linked to a graphic line in a map file.  The source of these data was a GIS file developed for the Department in connection with the 1995 Comprehensive Rail Freight Study.  It should be noted that although this database consists mainly of freight railroads, it includes about 300 miles of passenger service lines owned by Amtrak and the Southeast Pennsylvania Transit Authority (SEPTA).

Table 11 GIS Database Tables/Views of Railroad Data 
	Table/View Name
	Description
	Occurrence

	rail_nlf_control
	Freight railroad lines’ ownership, class, and traffic data
	One row for each rail segment – section of track between to nodes; nodes are fixed at junctions, major stations, county boundaries, and track termini.


8.2.2.11 Cultural Resources

The GIS supports the needs of the Bureau for Environmental Quality (BEQ) for environmental compliance review of proposed highway and bridge construction projects.  Under federal and state law, PennDOT is required to consider the effects of its projects on historically important cultural resources, including archaeological sites, historic buildings and districts, and historic landscapes.  Each year, PennDOT undertakes approximately 250 studies to identify, evaluate and mitigate adverse effects to cultural resources, resulting in the reporting of hundreds of new resources.  This new information is then added to the state’s database of cultural resources, which is managed by the Bureau for Historic Preservation (BHP) of the Pennsylvania Historic and Museum Commission (PHMC).

This information permits PennDOT to more easily develop background information for individual projects, include known and predicted site locations in the early development of project alternatives, and improve the understanding of what is considered historically significant.

Cultural resources in GIS consist of four databases, each with a multiple relational table structure.  The 4 databases are

· Pennsylvania Archaeological Sites

· Archaeological Compliance Survey Reports

· Pennsylvania Historic Resources

· Historic Resources Survey Reports

The diagrams on the following pages illustrate the table structures for each of these databases.  Because of the sensitive nature of the cultural resources data, access is restricted.  For further information about these databases, consult the Cultural Resources GIS Database Design Report.
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Linear Referencing System - Roads

There are several different ways that road locations can be referred to.  External references, like street signs, represent a location referencing system.  However, external referencing methods can be different for different categories of roads.  The internal referencing system used in GIS has to be able to support all types of roads consistently.  Each road feature has only one type of referencing except State Routes in District 6-0 and Allegheny County.

8.3 Concepts

A linear referencing system (LRS) is a standardized method for identifying the locations of points on a network of intersecting lines.  Methods vary.  Several methods are used in PennDOT – one method is used consistently for state roads; other variations are used for local roads and for the turnpike system.  

GIS development in the Department is concerned not only with state highways, but also with other roads that are also part of the National Highway System (NHS) in Pennsylvania.  In addition to state routes, the NHS includes roadways in 3 non-state jurisdictions:  Locally owned roads under Federal aid, Pennsylvania Turnpike, and toll bridges (maintained by port authorities or other agencies).  Furthermore, the Department has initiated the development of local roads in GIS.  The location referencing method used in applications for local roads is different from each of the other jurisdictions.

The linear referencing method used in the GIS was designed to integrate all the types of roads, and produce a single LRS that is fully compatible with the requirements of the MGE Segment Manager software tools.
8.3.1 RMS Location Reference System

All RMS road segments occur in one of the 67 Pennsylvania counties.  Road segments that straddle the border of 2 or more counties are assigned administratively to one of the counties.  Inventory data for each jurisdiction are organized with county code as the first qualifier.

RMS inventories each state road according to its 4-digit state route number.  Route numbers are unique within a county.  If the road carries one or more traffic routes, the state route number is usually the same as the lowest numbered traffic route number.  State route (SR) numbers from 0001 to 0999 are traffic routes; SR's numbered between 1000 and 4999 are routes that are fully contained within the county.  Routes in the 6000 to 6999 range are usually temporary records for roads under construction.  SR's in the 8000 to 8999 range are ramps at interchanges of access controlled highways.  SR's with 9000 to 9999 numbers are special facilities (rest areas, wyes and truck escape ramps).  There are no state routes numbered 5000 to 5999, nor 7000 to 7999, and no plans to use these series of numbers.

A route can be divided into any number of segments.  Segments are sequentially numbered (4 digits), usually in increments of 10, starting with the southern-most or western-most (depending on the overall direction of the route) segment in the county.  Divided highways have separately inventoried segments for each direction of travel.  Northbound and eastbound segments have even-numbered segments; their southbound or westbound companion segments have odd-numbered segments.  Undivided roads have segment records that contain data for all lanes in both directions of travel.

The state route number and segment number are displayed on the segment markers posted along the road.

Attributes that occur within the segment are referenced by their 4-digit offset (number of feet from the beginning of the segment).

8.3.2 Pennsylvania Turnpike Location Referencing System

The way the turnpike is inventoried is more complicated.  There are three branches of the turnpike, designated by a turnpike-code:

1 = Main branch, or East-West turnpike

2 = Northeast extension

3 = All other branches

The turnpike-code is merely an administrative coding convention; it is not posted on signs.  However, each section of the turnpike is signed with a traffic route number, which is often used on maps.

· Main branch - Interstate route 76 from Ohio border to mile point 326.35 in Montgomery County, Interstate route 276 from there to end.

· Northeast extension - Interstate route 476 throughout.

· Other branches - 

· Pa. route 43 about 4 miles in Washington county

· Pa. route 60 about 16 miles in Lawrence and Beaver counties

· Pa. route 66 about 14 miles in Westmoreland county

There are no segment numbers associated with the turnpike.  Separate inventory records have been created to store data that varies with the following conditions:

· County border

· An interchange

· Change in administrative attributes, such as urbanization, or functional classification.

Mile point (to 3 decimal positions) is used to identify inventory records at the beginning of the inventoried road section.  No attribute data is stored at any greater level of detail (although other PennDOT applications systems do so -- the Accident Records System, for example).

8.3.3 Non-State Federal Aid (NSFA) Roads Location Referencing System

The common reference to these roads is by street name.  Typically, there is no route number of any kind.  For control purposes in federal reporting, a federal identification number has been established for each road.  The 4-character federal ID number is the reference number under which the road is inventoried.  It is purely administrative in function; it is not posted on the road, nor is it published on maps used by the public.

Most federal ID numbers contain an alphabetic character.  This convention was established mainly to indicate the federal aid urbanized area in which the road lies.

A - Allentown, Bethlehem, Easton

L - Williamsport

B - Altoona



M - Pottsville

C - Erie




N - York

D - Harrisburg



P - Monessen

E - Johnstown



Q - rural

F - Lancaster



R - Sharon

G - Philadelphia



S - State College

H - Pittsburgh



T - Hagerstown

J - Reading



X - Steubenville, Weirton

K - Scranton, Wilkes-Barre

Z - FCC 08 turnbacks

Within federal ID code, the roads are divided into separately inventoried segments.  The segments are generally numbered sequentially (4 digits) in increments of 10.  A segment generally represents a contiguous section of road, bounded on each end by an intersection with some other road.  There is no limit to the length of a segment.

No attribute data is stored at a level of detail greater than segment.

8.3.4 Toll Bridges and Ferries

Each toll bridge and ferry is separately inventoried with a single database record, identified by an administratively created identification number.  The convention for assigning this 4- character ID number is:

· First 2 positions contain the county code

· Third position is "B" for bridge or "F" for ferry

· Fourth position is a sequential identifier within county.

Each bridge or ferry has only one record (no segments).  There are only 16 such records, and the longest roadway among them is 2.9 miles.

The ID number is not posted on the bridge or ferry.  Most, but not all, of the bridge/ferry records carry a traffic route, which is posted.

8.3.5 Local Municipal Roads Location Referencing System

County, city, borough, and township roads are generally referenced by their local street name.  Since two distinct roads in different municipalities can have the same name, it is necessary to include the municipality name or code in reference to a street name.

There is no standard for segmenting local roads.  Reference is usually based on intersections:  for example, on Main Street at (or some measurable distance from) Second Avenue.

Street names, of course, are usually posted, but often a single road may be commonly known by more than one name.

8.3.6 Linear Referencing in GIS

Linkage between linear graphics and a database is accomplished by the mslink value.  The mslink is a control number attached to a linear element in the centerline design file.  The same value is stored in a column in the linked database record.

Figure 5 Linear Referencing Example


A series of linear elements can represent a highway, a river, a railroad, or other linear feature.  Each linear feature in the network has a distinct identifier – a network linear feature identifier, or nlf_id.  Figure 5 illustrates the linear referencing method used in the PennDOT GIS for state roads.  Each graphical line segment has a distinct mslink.  A series of connected line segments make up a network linear feature (NLF), representing a route (or, at least, a contiguous portion of a route).  Both the mslink and the NLF information is stored in the NLF Control Table.  (See the description of rms_nlf_control table in the GIS MetaData Dictionary on the Intranet)

Control points (indicated by the shaded call-out boxes) are established along the NLF to act as distance markers.   These control points represent the distance, in feet, from the beginning of the NLF.  The NLF Control Table contains the distance measurements at the beginning and ending points of each line segment.  Thus, by referencing any road feature by its nlf_id, and applying a distance measurement, the GIS software can reference any point on the road network.

A control point is generated at each break in the line graphics.  (See section 9.3 Roadway Graphics.)  On state routes, a control point occurs at each intersection (both at-grade and grade-separated) with another state route.  On the turnpike, control points occur only at the beginning and ending points of the route within the county.  On non-state federal aid routes, a control point occurs at each major intersection.  
Usually, route number would be an adequate nlf_id for a road network.  However, several factors make the state route number unsatisfactory for this purpose:

1. Roads of different jurisdictions – In some instances, the federal-id code number assigned to a non-state federal aid road is identical to a state route number, even though the two roads are distinct.

2. Roads under construction – In RMS, new road segments that are not yet open to the public can be assigned route and segment numbers that overlap with current existing road segments.

3. Discontinuities – If a route is interrupted (see 8.2.2.1.1.2 Null Segments), it would require multiple nlf_ids, since a network linear feature must be a contiguous series of line segments.

4. Self-intersecting (“loop”) roads – There are certain road configurations in which a route intersects with itself.  This is an illogical situation to the MGE software that can be resolved by segmenting the line just before the intersection, and assigning the new segment a different nlf_id or manually inserting extra control points in the control point table.
8.3.7 Translation of RMS Locations into GIS

Any RMS location (consisting of county code, state route number, segment number, and offset) can be translated to an nlf_id and distance.  Once translated, the location can be plotted on the GIS linear network.  The translation is illustrated in the RMS/NLF Cross-reference table in Figure 5.  This cross-reference information is maintained in the GIS – see the rmsseg table description in the GIS MetaData Dictionary.

The cross-reference associates each RMS segment marker with its nlf_id and distance measurement.  Any offset on that segment can be calculated relative to the nlf distance at the beginning of the segment.

8.3.8 Referencing Non-State Locations

Roadways of other jurisdictions – turnpike, non-state federal aid, and toll bridges – are referenced in essentially the same way.  Each line segment is linked to the NLF Control Table through an mslink number.  Linked segments, representing a contiguous route within a county, are assigned a distinct nlf_id, with control point measurements at the beginning and ending points of each line segment.

Mile points on the turnpike and toll bridges, and segments on the non-state federal aid roads are cross-referenced to their nlf control points, allowing attributes to be distributed at any point on the network.

8.4 Local Roads

Most roadway applications in PennDOT focus on the state highway system and the National Highway System (NHS) roads.  However, some applications – Highway Safety, in particular – cross all jurisdictional levels.  To support these applications, the Department has initiated the development of a linear network for local roads.  To date, the local roads network covers only 6 counties:  Allegheny, Bucks, Chester, Delaware, Montgomery, and Philadelphia.

8.4.1 Linkage and NLF Controls

The GIS local road network, like the state network, uses a control distance system for linear referencing.  Any point on the network can be identified or located as given distance along a route.

The basic component of the GIS road network is a route.  A route is represented graphically in GIS as a linear feature in a centerline graphics design file.  For the local road network, a route is a contiguous string of road segments within a municipality, having the same street name.  Generally, a road segment within a route is a single section of road between 2 intersections, or nodes.  A road segment may also terminate at a node point other than an intersection with another road – as in a dead-end, or at a municipal boundary.

Street names, however, are unreliable for use as an identifier of a linear feature, because of unconventional naming of streets, or unusual road configurations.  Therefore, each route is assigned a unique control number in GIS to tie it to its associated linear feature.  The control number is referred to as the network linear feature identifier, or nlf-id.

Each road segment that makes up a route is assigned the same nlf-id.  A control point at each node measures the distance in feet from the beginning of the route.

A control table has one row for each road segment, recording its nlf-id, the control point distances at both the beginning and ending nodes of the segment, and a link number, the mslink, which points to a single linear feature in the center-line graphics file.  (The NLF Control Table for local roads is named local_nlf_control.  It has exactly the format as the rms_nlf_control table, described in section 9.1.6 above.

8.4.2 Translation of Street Name References into GIS

The main purpose for constructing a linear road network in GIS is to provide the capability to automatically place symbols at geographic map locations representing attributes of selected features.  In PennDOT, the locations of features on the state highway system are typically identified by the Department’s standard location referencing system, consisting of county code, state route number, road segment, and offset.  For local roads, the common method for identifying locations is by distance from an intersection of 2 named streets.

Figure 6 Linear Referencing Local Roads


Though these are 2 distinctly different ways of recording locations in external applications, internally in GIS, the local road uses exactly the same linear referencing system for local roads that PennDOT has employed for the state highway system. 

With the state highway GIS network, attribute data that are recorded in county-route-segment-offset location format are translated programmatically to the internal GIS linear referencing model.  Similarly, attribute data whose locations are recorded by street name references can be translated into the internal linear referencing format. 

The street name translation data are stored in separate related database tables.  For each local road segment, there is a row on the street name table (See the description of local_street_alias table in the GIS MetaData Dictionary – http://ismp9a/gis/datadict/datadict.asp.)  Each row on the street name table also contains references to the names every other street that intersects at its beginning and ending node points.   The intersecting street names are stored in the local_node_alias table. 




Figure 7  GIS Graphics Files

In GIS segmentation manager applications, attribute data that are recorded with street name locations can be distributed on the network linear features once their street names have been translated into the nlf control reference system.  The translation is accomplished by referencing the nlf_id and control distance at the intersection of two streets, as shown in Figure 6.

8.5 Roadway Graphics

8.5.1 Graphics Files in GIS Applications


GIS works with 2 forms of data:  graphic and tabular.  Currently, the Oracle GIS database houses only tabular data for the foreseeable future.  However, graphic data must be included in GIS applications.  


Figure 7 shows how graphic files are used in GIS applications.  A map product is built and readied for plotting or interactive display by combining layers of graphic data.  Base maps and attached reference files provide scale and “backdrop” information.  GIS software generates variable thematic layers based on user-defined selection criteria.  Linear network queries require the use of coordinate files that combine geo-referenced graphic line elements with their data linkages.  The user may query other data, and overlay additional graphic features to the map, to provide more detail.

8.5.2 Centerline Files

The centerline graphics files (CLF) are Microstation design files that contain the line graphics for all roads (whether state or local).  The CLF also contain graphics for other map features that are frequently used on transportation maps.  The Cartographic Information Section of the Bureau of Planning and Research manages the files.  They are maintained in polyconic projection, NAD 1983 with coordinate units defined in meters.  The table below shows the level structure in the CLF. 

Table 12 Level Structure of Center-line Design Files
	Level #
	Map Feature
	Linkage

	1
	Interstate road
	State highway network

	2
	Interstate interchange ramp
	              “

	3
	Interstate reset area ramp
	              “ 

	4
	US traffic route
	              “

	5
	US traffic route ramp
	              “ 

	7
	PA traffic route
	              “

	8
	PA traffic route ramp
	              “

	10
	Other state route
	              “

	11
	Other state route ramp
	              “

	12*
	All state routes with local street names
	Local road network*

	13
	Township road
	               “

	15
	Other non-state road
	               “

	17
	County road
	               “

	20
	Private road
	               “

	24
	Major river basin
	N/A

	25
	Major river basin tributary
	N/A

	26
	Tributary
	N/A

	27
	Tributary
	N/A

	28
	Intermittent drainage
	N/A

	29
	Swamp area outline
	N/A

	54
	Dam
	N/A

	61
	Text
	N/A


*Applies only to those counties that have local roads developed in the GIS linear network.  The process of building a complete road network that would include all state and non-state roads required merging all the graphic elements for all roads.  The merge was done in order to perform all necessary line-cleaning operations, and to create control points at each graphical intersection.  These operations result in breaking the line segments at each intersection, which would have corrupted the linkages attached to the lines on the state route levels.  So, the graphics for all state roads (levels 1 through 11) have been copied to level 12.  Levels 1 through 11 remained untouched in this process. 

State road graphics are usually segmented at each point of intersection with any other state road graphic (regardless of level).  Please note that the term “intersection” refers to the roadway geometry – The point where a bridge crosses over another road constitutes and intersection.
Turnpike graphics are typically not segmented within the county.  A turnpike segment runs as a single line string from border to border within the county.  The segmentation of non-state federal aid lines is forced to conform to the segmentation in the RMS Non-State database.  Usually, the segments break at every major intersection.  For local roads, the segmentation is at every intersection with any other road or with any municipal boundary.
8.5.3 Coordinate Files

A coordinate file is a binary file that contains all the linear and control point information necessary to dynamically distribute attribute data on the linear network.  There are 83 coordinate files comprising the PennDOT road network:

· 67 county coordinate files – One for each Pennsylvania County containing the entire state highway system (including turnpike and non-state federal aid roads) in the county.  These files are name countyxx.crd (where xx equals the county number);

· 6 local road coordinate files – one for each of Bucks, Chester, Delaware, Montgomery, Philadelphia, and Allegheny counties – containing all roads within the county, combining all state system and local road linkages. These files are name countyxx_l.crd (where xx equals the county number);

· 11 District coordinate files – one for each PennDOT Engineering District – containing the state highway system for all roads in the District. These files are name districtxx.crd (where xx equals the District number);

· 1 statewide coordinate file, containing the entire state highway system, named county00.crd.

A copy of these files is found in each of the MGE project directories in the \mgsm\crd sub-directory.   Whenever the linear network data for a county is updated due to changes in, the effected coordinate files – county, district and statewide – are re-generated and copied to each project directory.

9. Linear Referencing System - Railroads

Railroads are a separate linear network distinct from the roadway system. The GIS railroad network employs a “known marker” linear referencing system, based on a rail line identifier, and milepost.  This referencing system is different from the one used for the PennDOT GIS road network, which is a “distance” measurement system.  The “known marker” method is more appropriate to railroads because of the way track locations are commonly identified by users of rail information.   Locations are identified by milepost, but in reality, those mileposts represent place markers, rather than an actual measurement, because the distance between mileposts often varies between 5,000 and 6,000 feet, and sometimes more.  Also, if section of track is abandoned, subsequent mileposts are not usually renumbered.

The GIS railroad network consists of 2 files:  rail lines and control points associated with those lines.  The control points are the nodes at the beginning and end of each line segment.  These points represent the locations of freight stations, junctions of connecting railroad lines, county and state borders, etc.

The data for the GIS railroad database came from the 1995 Comprehensive Rail Freight Study sponsored by the Bureau of Rail Freight, Ports, and Waterways.  It primarily contains rail lines used for transporting commercial freight.  Transit lines that carry only passengers are excluded.

9.1 Linkages and NLF Controls

Each network linear feature represents a railroad line, and is identified by a line code.  A railroad line is a continuous set of track between destinations.  There can be any number of stations along the line.  Also, a line can cross from one county into another.

Points along a line are marked mileposts.  As noted above, mileposts are not measures of distances from the origin of the line, but they are adequate as indicators of distance between points on the line.

The railroad network is illustrated in Figure 8.  The mslinks link individual graphic elements to their corresponding database records.  In the database (see rail_nlf_control table description in the GIS MetaData Dictionary), consecutive line segments that make up a railroad freight line are identified by a common line code.  The line code in the railroad network is comparable to nlf_id in the road network.

Control points at the beginning and end of each line segment indicate the milepost at that location.  Any location on the network can be determined in terms of miles, relative to a control point associated with a given line code.




Figure 8 Railroad Linear Network Example

9.2 Graphics

The railroad graphics are maintained in a separate MGE project.  The Microstation design file, parail.dgn, contains the control network graphics that are linked to the rail_nlf_control table in Oracle.  It is a statewide data set.  Note that this design file is separate from the centerline file maintained by the Cartographic Information Division to produce the State Railroad Map of Pennsylvania.  Parail.dgn was kept as a separate file because it contains only those rail freight lines that were included in the 1995 Comprehensive Rail Freight Study, which was the source for the GIS railroad network.

The coordinate file for the GIS railroad network is also found in the parail project.  It is named rail.crd.

Non-Linear Transportation Features


PennDOT’s GIS Database contains information on polygon and point features in addition to linear features.  Microstation design files have been created to represent many of these features.  These coverages are used to make GIS Products, and they are also displayed, queried and plotted using Geomedia Software.  In addition to use in Central Office, the files are regularly distributed to the District GIS Users.  As with the linear features maintained in the database, the files are all subject to change and, therefore, require standardized updating procedures.  Specific updating tasks for each coverage may be referred to in the Data Management section of this User’s Guide.  The following lists the Microstation design file names and a brief description of each database (Refer to the GIS Database Dictionary for database specifics):

9.3 Municipal Boundaries


The municipal boundaries design file, munbound.pp, is a statewide design file originally created by the Cartographic Information Division containing the following boundaries: Cities, Townships, Boroughs, Counties, PennDOT Engineering Districts, House of Representatives Districts, Senatorial Districts and Congressional Districts.  The GIS section has created boundary, centroid and label features for this file and linked them to the graphics so they can be used and manipulated with the MGE software. Each time munbound.pp is updated, eight complex shape design files are created so that the different boundary types can be displayed individually.  These are created mainly for use in Geomedia Software.  Since the software requires complex shape files for polygon display, but the files are also distributed for use in the other standard MGE projects.  The following lists each of these design files and their associated table link:



Bdy_city.dgn


municipal_rms



Bdy_tnwp.dgn


municipal_rms



Bdy_boro.dgn


municipal_rms



Bdy_cnty.dgn


county_table



Bdy_dist.dgn


district_table



Bdy_hous.dgn


house_rep_table



Bdy_sent.dgn


senatorial_table



Bdy_cgrs.dgn


congress_table

9.4 Airports

PennDOT has many licensing, monitoring, planning, and funding responsibilities involving other modes of transportation such as airports, bus terminals, and trucking facilities.  The GIS Database reflects these interests by maintaining some of this information in database tables and related design files.  


The airport-licensing database, maintained on a personal computer system by the Bureau of Aviation, was the source for airport locations and attributes.  The database table, ims_airport, contains information for all private as well as public airports across the Commonwealth.  The data include identifying information (such as name, site designation, associated city), numbers of various types of aircraft based at the facility, ownership and selected runway information.  The Microstation design file, airpoints.dgn, consists of a point representing each airport with each point linked to a database record.  The points for the public use airports are also located as a distributed attribute along the State Highway Network for use with MGE’s Dynamic Segmentation module.

9.5  Intermodal Facilities


The Intermodal Facilities database was created from information supplied by the Bureau of Rail Freight, Ports and Waterways.  This database is not maintained in the GIS.

9.6 School Districts


Each of Pennsylvania’s school districts is represented in a database table of information provided by the Dept. of Education, and in a Microstation design file.  The database table, school_districts, has the school district name and other identifying information such as the Intermediate Unit and Area Vocational Sending Area assigned to each district.  The school district boundary coverage, schools.dgn, is based on the township boundaries from Cartography’s municipal boundaries file, munbound.pp.  A copy of this file was edited to remove township lines to create the individual school districts.  Where a school district does not follow an existing municipal boundary, the Geographic Information Division incorporated boundaries from a digital file of the school districts provided by Indiana University of Pennsylvania’s Spatial Sciences Research Center.  The GIS section has also created boundary features for two boundary types (school district and intermediate unit), and centroid and label features for each school district providing linkage to individual database records.  The coverage also contains a point for each school building in the Geographic Names Information System – these features are linked to the gnis table (see description for Geographic Names).  A complex shape design file of the coverage, sch_cmplx.dgn, has been created for use with Geomedia and the other MGE projects.

9.7 MPO/LDD


To do analysis at the MPO or LDD level, the Geographic Information Section created a boundary coverage for these planning entities.  The database table, planning_agencies, has the agency and contact person name.  The MPO/LDD boundary coverage, mpo_ld_ip.dgn, is based on the boundaries from Cartography’s municipal boundaries file, munbound.pp.  The GIS section has also created centroid and label features for each school district providing linkage to individual database records.  A complex shape design file of the coverage, sch_cmplx.dgn, has been created for use with Geomedia and the other MGE projects.

9.8 Geographic Names


The U.S. Geological Survey maintains a database of the named features shown on their topographic maps as well as other selected names not shown on the maps.  These have been provided by various governing agencies (townships, counties, etc.).   This Geographic Names Information System has been downloaded from the U.S.G.S. web site and incorporated into PennDOT’s GIS database.  The database contains information such as the feature name and type, county and quadrangle name where the feature is located, and a latitude, longitude value for placing a point on a map.  Examples of feature types are schools, cemeteries, hospitals, churches, lakes, dams – a total of 56 different feature types are represented.  The design file gnis_point.dgn with associated point and label features has been created from this database for use with Geomedia and the other MGE projects.

9.9 Urbanized Areas


The Bureau of Planning and Research obtains urbanized are information from the US Census Bureau.  These boundaries are maintained graphically for use on select cartographic products as well as determining highway functional classification.

10. Acronym Glossary

BEQ – PennDOT Bureau of Environmental Quality

BHSTE – PennDOT Bureau of Highway Safety and Traffic Engineering

BIS – PennDOT Bureau of Information Systems

BOMO – PennDOT Bureau of Maintenance and Operations

BPR – PennDOT Bureau of Planning and Research

CPDM – PennDOT Center for Program Development and Management 

DBMS – Database Management Software

DCNR – Pennsylvania Department of Conservation and Natural Resources

DEP – Pennsylvania Department of Environmental Protection

DOQ – Digital Ortho-photo Quarter Quad, digital, rectified aerial photograph

DRG – Digital Raster Graphic, scanned USGS Topographic Quad Sheet

FHWA – Federal Highway Administration

GB – Gigabyte

GID – BPR’s Geographic Information Division

GIS – Geographic Information System

HP – Hewlett Packard

HPMS – Highway Performance Monitoring System, required road data submittal to FHWA

LAN – Local Area Network

LDD – Local Development District

LRS – Linear Referencing System

MAN – Metropolitan Area Network

Mb - Megabit

MGE – Modular GIS Environment

MHz – Mega-Hertz

MPMS – Multi-modal Project Management System, owner CPDM

MPO – Metropolitan Planning Organization

MrSID – Multiresolution Seamless Image Database, compression and tiling software

MS - Microsoft

PAGIC – Pennsylvania Geographic Information Council, Commonwealth entities

PASDA - Pennsylvania Spatial Data Access, web site serving data to the public

PHMC – Pennsylvania Historic and Museum Commission

RFP - Request For Proposals

RMS – Roadway Management System, owner BOMO

SEII – System Enhancement and Integration Initiative

SIMOS – Sign Inventory Management and Ordering System, owner BHSTE

SLIQ – Segment Location Identification Query, owner BPR

TMS – Traffic Monitoring System, owner BPR

TVM – Traffic Volume Mapping, owner BPR

USCOE – United States Army Corps. Of Engineers

VB – Visual Basic

WAN – Wide Area Network
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