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Introduction


A general checklist and discussion of the basic items to consider when specifying A-E GDS deliverables criteria are included in this chapter.  More detailed infor​mation concerning each item can be obtained from the current version of the TSSDS (Tri-Service Center).  The items discussed are con​sidered generic to all DoD Tri-Service target organizations.  Project- or organiza​tion-spe​cific requirements may necessitate additional requirements which are not addressed in this release of the manual.

Ownership


The Government's rights to ownership of the digital data and other deliverables developed by the A-E under the contract must be clearly defined in the technical contract provisions.  The Government has a legal right to demand unrestricted own​er​ship to all data, designs, and materials for which the Government has paid 100 per​cent of the development cost.  If the con​tractor has to develop data, designs, or mate​rials above and beyond what the Govern​ment specifies and pays for 100 percent, then the contractor owns the rights to that percentage.


A statement similar to the following should be included in each A-E contract.  The appropriate organization contract or legal counsel office should review the DFAR’s to ensure that the current clauses are referenced.

The Government, for itself and such others as it deems appropriate, will have unlimited rights under this contract to all information and mate​rials developed under this contract and fur​nished to the Govern​ment and docu​mentation thereof, reports and listings, and all other items pertaining to the work and services pursuant to this agreement includ​ing any copyright.  Unlim​ited rights under this contract are rights to use, duplicate, or disclose data, and information, in whole or in part in any manner and for any purpose whatsoever without compensation to or approval from the Contractor.  The Govern​ment will at all reasonable times have the right to inspect the work and will have access to and the right to make copies of the above-mentioned items.  All digital files and data, and other products generated under this contract, shall become the pro​perty of the Government.  By reference, the following DFAR clauses are included in this contract as a part of the requirements herein:


a.
DFAR 252.227-7013, “Rights in Techni​cal Data - Noncommercial Items.”

b.
DFAR 252.227-7017, “Identification and Assertion of Use, Release, or Disclosure Restrictions.”

c.
DFAR 252.227-7020, “Rights in Special Works.”

d.
DFAR 252.227-7028, “Requirement for Technical Data Representation.”

e.
DFAR 252.227-7037, “Validation of Restrictive Markings on Technical Data.”

f.
DFAR 252.227-7025, “Limitations on the Use or Disclosure of Government-Furnished Information Marked with Restrictive Legends.”

g.
DFAR 252.227-7203, “Noncommercial Computer Software and Non​commercial Computer Software Documentation.”

h.
DFAR 252.227-7014, “Rights in Noncommercial Computer Software and Non​commercial Computer Software Documentation.”

Copyright:  Any software and computer data/information developed as a component of this contract shall have the following statement attached to documentation:

“This computer program is a work effort for the United States Government and is not protected by copyright (17 U.S. Code 105).  Any person who fraud​ulently places a copyright notice on, or does any other act contrary to the provisions of 17 U.S. Code 506(c) shall be subject to the penalties provided therein.  This notice shall not be altered or removed from this software or digital media, and is to be on all reproductions.”
Target GDS Considerations

Target GDS


The target GDS should be specified in the technical contract docu​ments.  The A-E firm should not be required to use the same hardware as the target organization.  However, the A-E should use the same type and ver​sion of operating system software as the target organization.
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The type and version of the GDS software used by the target organization must be specified in both the CBD announcement and the technical contract documents.  In addition, the type(s) and version(s) of the application soft​ware package(s), and DBMS software package(s) used by the target organization must be specified in the technical contract documents.  Different types of software packages used by A-E's may not be compatible with those used by the target organization.  Therefore, it is very impor​tant to ensure that A‑E's either prepare their geospatial and related data, and maps, using the same GDS, DBMS, and appurtenant software package(s) as those used by the target organ​iza​tion, or provide elec​tronic deliverables which can be read and used directly by the target organization's GDS (without conversion, preprocessing, or post​process​ing).  The term “compatible” means that data can be accessed directly by the target GDS without translation, preprocessing, or postprocessing of the data files.


The target GDS includes the following basic components which are cur​rently installed, or are to be installed, at the organization which will be receiv​ing and using the geospatial data:


•
The platform (computer hardware and operating system).


•
The GDS software.


•
The RDBMS software, database schema, and data.  


•
Digital media containing the organization’s graphic and attribute geo​spatial data.


The digital media are formatted to conform to the organization’s GDS standards, and installed to function as an integral part of the GDS.  The GDS database is “populated” with attribute data.


It is recommended, but not required, that consulting firms develop their GDS maps and geospatial-related data using the specified target GDS.  How​ever, it is impor​tant that consulting firms deliver the geospatial data in a digital format “compatible” with the receiving organization's target GDS.  The advan​tages of using GDS technol​ogy will not be realized, and the expenditure of additional funds and labor will be necessary, if the geospatial data are deliv​ered in a format which is not compatible with the organization's target GDS.


If the Government’s target GDS is not yet operational (i.e., the Government has the hardware and software components, but not the digital media contain​ing the graphic and attribute geospatial data), the consulting firm should be required to develop, deliver, install, and test the digital media containing the geospatial data at the Government organization using the Government’s target GDS.

Target GDS platforms


The two recommended types of dedicated GDS platforms (i.e., hardware with installed operating system) currently used by Tri-Service organizations are:


•
UNIX workstations (i.e., networked or stand-alone computer worksta​tions with a UNIX operating system).


•
Windows NT  workstations (i.e., stand-​alone or networked personal computers (PCs), or computer workstations, each with a Microsoft Win​dows NT operating system).


GDS products are available which will operate on stand-alone or networked PCs (with 386 or higher CPUs) and a Microsoft disk-operating system ((MS-DOS)/Windows (version 3.1) operating system).  These GDS products and platforms cost less and provide less capability than the UNIX and Windows NT workstation platforms.


Some GDS products have been developed which operate with both Micro​soft Windows NT and Microsoft Windows 95.  Both of these operating sys​tems are 32-bit applications.  If the platforms are to be used primarily for GDS applications, have a 486 or better CPU, and have 32 megabytes (MB) or greater of RAM, Windows NT may be used as the operating system.  Win​dows NT has been developed specifically for use with workstations and demanding applications such as CADD and GIS.  Windows 95 is targeted primarily for the home and business PC markets.

Target GDS software


The target GDS software, including application software, consists of the software package(s) currently installed, or to be installed, at the organization which will be receiving and using the geospatial data.

File names


The characteristics of the UNIX and MS‑DOS/Windows operating systems mandate that file-naming conventions address the limita​tions of MS-DOS.  MS-DOS will accept file names with a maximum length of eight charac​ters plus the three-character extension.  A stan​dard sys​tem for establishing file names should be estab​lished by each target organization.  Recom​mended file-naming conventions are discussed in the TSSDS.  It is also recom​mended that an electronic DBMS for organizing and maintaining records of file names and pertinent project information be established and maintained for each target organization.


A-E's should use the same standard file-naming convention used by the target organization for which the work will be accomplished.  The appropri​ate standard (target organization, Tri-Service, etc.) should be referenced in the technical contract provisions, and should be furnished to the A-E along with the Government-furnished mate​rials (GFM).

Graphic Concepts


Graphics files can contain both vector and nonvector raster graphics.

Vector graphics


Vector elements are graphical objects which have a precise direction, length, and shape.  The vector graphical objects can be points, lines, polygons, arcs, rectangles, circles, splines, text, ellipses, elliptical arcs, arc wedges, ellip​tical arc wedges, and sym​bols.


Grouped vector objects are either in the form of graphic groups or complex ele​ments such as cells or blocks.  Vector grap​hics are particularly well-suited for pro​cesses where map devel​opment and modification are heavy and true two- and three-dimensional accuracy is required.  Vector graphic images can exist in two- or three-dimensional design environments and are created using GDS soft​ware packages.  In addition, the ability to deal with geometric ele​ments as unique entities provides a powerful link​age for images to be grouped with nongrap​hical data attributes.  Output from GDS software packages creates a binary data file that has limited portability across various platforms and vendor pack​ages, unless it is converted into a “neutral” data format.


In addition to the vector entities, digital maps may also contain symbols and details (cells/blocks), reference maps, and reference database files.  All of these must be a part of the deliverables, or trans​fer from one digital format to another.


Two-dimensional vector entities are repre​sented by x- and y-coordinate points, taking the form of a single point, string of points (e.g., lines, arcs, and splines), and closed lines (e.g., polygons, rectangles, circles, and ellipses).


Three-dimensional vector entities are repre​sented by x-, y-, and z-coordinate points.

Raster graphics


Raster graphics, or bit-mapped graphics, are digital images stored as arrays of pixels for display and modification.  In raster data there are no lines, circles, or polygons, only pixels that are grouped to give the appear​ance of these ele​ments.  In order to possess properties that can be used by a GDS to perform analyses, raster graphics have to be converted to vector graphics.


In a monochrome (black and white) graphic system each pixel corresponds to one binary digit (bit) on the display screen.  A bit is the smallest unit of information that a computer can handle.  Color graphic systems require more bits per pixel to cre​ate colors.  The need for more memory and memory man​agement increases as both color and screen resolution increase.


Raster graphics are commonly created in one of two ways:


a.
Use of “paint” type computer graph​ics programs (e.g., desktop publish​ing, image editing, and paint) to draw and edit images.


b.
Quick capture by scanning the image of existing hard-copy maps and converting them to a digital format (bit-mapped).  Once captured digi​tally, the maps can be archived, dis​tributed, or con​verted to a vec​tor for​mat.  The scan​ning can be accomplished by either electronic scan​ning equipment or digital cameras.


Some of the more common raster (bit-mapped) file formats in use include:


a.
Microsoft Windows Paintbrush (PCX).


b.
Tag Image File Format (TIFF).


c.
Graphics Interchange Format (GIF).


d.
Bit-Mapped Picture (BMP).


The type(s) and versions(s) of raster graphics software packages used by the target organization should be addressed in the con​tract technical provisions.

“Neutral” file exchange formats


CADD graphic files converted to “neutral” file exchange formats such as Drawing Exchange Format (DXF) and Initial Graphics Exchange Specification (IGES) can be converted by most CADD and GDS software to their native file formats.  However, cau​tion should be exercised because the “neutral” file exchange formats may not transfer all the graphic elements (e.g., arcs, splines) stored in the native CADD file format.  Basic CADD software packages and add-on or third-party CADD software application packages are typi​cally employed to develop CADD drawings.  Few of the “neutral” file exchange formats currently available have reliable mecha​nisms to transfer the wide vari​ety of electronic linkages between graphic elements and nongraphic attributes used in basic and advanced CADD soft​ware packages.


DXF, although widely supported and well known, was developed by Auto​Desk that was developed to support the graphic elements generated by Auto​CAD.  Because DXF maps AutoCAD graphic entitities, it is only “neutral” to the extent that AutoCAD entities are common to most other CADD software packages.


The set of graphic elements avail​able in IGES is sufficient to represent the grap​hics from almost any CADD software package.  IGES is a public standard.


Both DXF and IGES file exchange formats will exchange two-dimensional draw​ings, two- and three-dimensional wireframe models, and simple three-dimensional surfaced solids.  “Neutral” file exchange formats, such as DXF and IGES, were established for the exchange of CADD-generated graphic entities.  They can tell you what in the world it is fairly well but do not tell you where in the world it is.


Many prob​lems can be prevented by:  avoiding the use of certain graphic elements; converting complex graphic elements to simpler forms; using simple and standard text fonts; and careful control of layering and symbology.


When translating to and from “neutral” file exchange formats, each CADD pack​age tries to transfer the appearance of the “neutral” file exchange format's graphic elements into the types of graphic elements it supports.  This works well for simple graphic elements (e.g., lines, cir​cles, and rectangles), but does not work well for complex graphic elements.  The “neutral” file exchange format's graphic elements which are not supported by the CADD package may be lost or modified when the “neutral” file is imported.


The electronic linkage between graphic and nongraphic elements may be lost when converting a file to a “neutral” file exchange format.  Differ​ent CADD packages have different ways of storing nongraphic data.  Some CADD pack​ages can store a small amount of information with the graphic element in an application-defined for​mat or, alterna​tively, have one or more electronic linkages to exter​nal databases where a larger amount of data can be stored.


The Spatial Data Transfer Standard (SDTS), also Federal Information Pro​cessing Standards (FIPS) 173, was approved by the National Institute of Stan​dards and Technology (NIST) in 1992, for the purpose of providing a “neu​tral” format for the exchange of graphic and nongraphic geospatial and related data.


The SDTS provides an exchange mecha​nism for the transfer of spatial data between dissimilar computer systems.  The SDTS specifies exchange con​straints, addressing formats, structure, and content for spatially referenced vector and raster data.  The SDTS was approved as FIPS 173 in July 1992.  The FIPS 173 implementation became effective February 15, 1993; use of FIPS 173 as the spatial data transfer mechanism was mandatory for Federal agencies on February 15, 1994.  It is also available for use by state and local governments, the private sector, and research and academic organizations.


The U.S. Geological Survey (USGS) is coordinating the development of a set of public domain software tools, including a package designed to support the encoding and decoding of logically compliant SDTS data into and out of the required ISO 8211-FIPS 173 file implementation.  When data sets devel​oped using the Tri-Service Spatial Data Standards (Tri-Service Center) are transferred between dissimilar computer systems, the SDTS may be required.


For additional information about the SDTS, FIPS 173, contact:  U.S. Geo​logical Survey, SDTS Task Force, 526 National Center, Reston, VA  22092 (FAX 703-648-5542).

CADD and GIS Integra​tion Considerations


A decision should be made before the initia​tion of the consulting contract​ing procedures whether or not the survey, mapping, or digital geospatial data will later be used for both CADD and GIS applications.  Both tech​nologies can be used to create maps which have a similar outward appearance.


CADD technology treats digital data as electronic drawings that are basic​ally made up of graphic elements organized into “layers” or “levels.”  CADD technology has become more sophisticated with the development of the capa​bility to store basic nongraphic data about graphic elements in external data​bases.  This nongraphic data can then be queried for design analy​sis or facilities management purposes.


GIS technology is more complex because it must accurately store both grap​hic (map or drawing) and nongraphic (database or attribute) data for analy​sis and display pur​poses.  GIS technology can be used to simu​late extremely complex real-world events and situations.


At most organizations, all digital survey maps and draw​ings have been prepared using CADD technology.  Today, with the growing popularity of GIS technology, the life cycle use of the electronic data should be evalu​ated in determining the most useful and efficient means for data acquisition and digital map development.  Many organizations use CADD technology for the devel​opment of digital survey maps whose primary use will be in the develop​ment of design (architec​tural and engineering) drawings for con​struction-type proj​ects.  GIS technology may be used for the development of all maps created specifically for planning, design, operations and maintenance, facility man​age​ment, and disposal functions where the analysis of stored nongraphic data is the primary concern.


When the CADD-generated data files are to be later translated and used by a GIS, the following guidelines in data structure should be followed:


a.
The edges of all digitized maps must exactly match digitally with those of all adjacent maps.


b.
The digital representation of the com​mon boundaries for all graphic features must be exactly the same, regardless of level/layer.  Each fea​ture within a map theme must be represented by a single graphic ele​ment (e.g., polygon, line, or line string).


c.
Lines and line strings which represent the same graphic element must be con​tinuous (i.e., not broken or segmented), unless that seg​mentation reflects a specific visual line type.  Lines/strings repre​senting the same type of data must not cross except at inter​sections.


d.
Polygons must be closed (i.e., the first x- and y-coordinates must exactly match the last x- and y-coordinates).  Each polygon must have a single unique centroid to which attrib​utes (i.e., an attribute table) can be attached.  Poly​gons of the same coverage must not over​lap and must cover the area of interest com​pletely (i.e., have no gaps in cover​age).


e.
All graphic elements that connect must exactly connect digitally, with​out over​laps or gaps.


f.
Straight lines must be represented by only the beginning and end​ing x- and y-coordi​nate points.  Line strings must not cross back on them​selves or be of zero length.

Nongraphic Data Criteria


All nongraphic data shall be developed and delivered to the target organiza​tion in the format specified in the TSSDS.  In a GIS, nongraphic data (or attribute data) are stored in database tables which provide geospatial and related data concerning the various features shown on maps, and business processes.  These tables are called attribute tables.


The GDS software uses electronic linkages to connect the graph​ic data to attribute tables in the database.  Even though different RDMS's and DBMS's behave similarly, they are not normally compatible with one another unless translated.


The type and version of database soft​ware package used by the target organization must be addressed in the technical con​tract documents.


The A-E must provide the nongraphic data in the format which can be directly imported to, displayed and edited within, and output from the database software specified by the Government.  Additionally, all linkages of nongraphic data with graphic data, relationships between database tables, and report formats shall be maintained, or auto​matically recon​structed, when trans​ferred to the GDS software specified by the Government.  Not doing so will require the Government to recreate the linkages, a time-consuming and expen​sive process.  Data files and tables can be transferred in various ways in order to pre​vent data reentry and its associated costs.

Basic Graphic Standards

Datums and coordinate systems 


Datums and coordinate systems should conform to the requirements of the TSSDS.

Map plot size


A map plot size conform​ing to the target organization requirements should be specified.  The two most predominant (English unit) sizes (according to the American National Stan​dards Institute (ANSI) Y14.1) and currently used by Tri-Service target organizations are (a) a D-size drawing, 22 in. vertical by 34 in. horizontal (as measured between the cut lines), and (b) an F-size draw​ing, 28 in. vertical by 40 in. horizontal (as measured between the cut lines) (ANSI 1980).  According to ANSI Y14.1, the International (SI unit) counter​part for the D-size drawing is A1 (841 mm horizontal by 594 mm vertical).  An International counterpart for the F-size drawing is not provided in ANSI Y14.1.

Units


The resolution and scaling of the graph​ics file affect the accuracy and limits of the map (design plane).  The units, or num​ber of positional units used to define the subunits and master units, will determine the accuracy and expanse of the graphics file.


Units should conform to the TSSDS.  The requirement to use English or SI units should be specified in the contract tech​nical provisions.  DoD policy requires agencies to begin using SI units as the standard unit of measure.

Symbol libraries


All symbol (i.e., cells, blocks, or markersets) libraries should be prepared in accordance with the TSSDS.  Symbol libraries typi​cally contain symbols which are used on a repetitive basis in preparing GDS maps, and are typically not altered with each application.  The standard symbol libraries used by the target organi​zation, or provided with the TSSDS, should be furnished to A-E's as a part of the Govern​ment furnished material (GFM).  All symbol libraries not provided as GFM must be provided to the Government as a part of the elec​tronic digital deliverables.

Origin


The location of the origin for each map should conform to the requirements of the TSSDS, or specific target organization require​ments.  The same origin or reference points shall be used on all maps for a proj​ect, and the A-E must coor​dinate origins across files.

Scales


All GDS graphic files should be developed in actual (real world) size.  Maps should be developed and plotted at the scale required by the target organization.

Text


Text size, format, and placement should conform to the TSSDS.  For appli​cations not addressed in the TSSDS, use either:  (1) each service's current mapping stan​dards, or (2) the fonts provided with the GDS software packages.  This includes nodal/attribute text and dimension text (while part of those entities).

Font libraries


Font libraries should conform to the TSSDS.  For applications not addressed in the TSSDS, use either:  (1) each service's current mapping stand​ards, or (2) the fonts provided with the GDS software packages.  Any cus​tom fonts developed by the A-E must be pro​vided to the Govern​ment along with the electronic digital deliverables.  Only the Government's or computer soft​ware’s stan​dard font libraries should be used.

Line weights/thicknesses


Line weight/thickness should conform to the TSSDS.

Line styles/types


Digital line styles/types in AutoCAD, MicroStation, and ARC/INFO digital for​mats are available with the TSSDS.  The most commonly used line styles/ types are solid, dotted, hidden, view​ing plane, dash-dot, stitch, dash-dot-dot, centerline, and phantom.  Any custom line styles/types developed by the A-E must be provided to the Government with the electronic digital deliver​ables. Only the Government's or computer software’s standard line styles/types librar​ies should be used.

Levels/layers


Level/layer assignments should conform to those established in the TSSDS.  The characteris​tics of AutoCAD and MicroSta​tion mandate that level/layer target organization address the limitations of MicroSta​tion.  Micro​Station accepts up to 63 layers per map file.  Additional layers may be attained through the use of reference files.  AutoCAD accepts an unlimited number of layers.  Levels/layers are analogous to the overlays used in hand drafting.

Colors


A custom color table in AutoCAD, MicroStation, and ARC/INFO digital formats is available with the TSSDS.  The same colors should be used for both display and plot​ting.

Reference Files


Reference files are graphics files used as overlays to the current graphic file.  This capability is very productive because when the refer​ence file is changed, the system automati​cally updates all files with that reference file attached without the need to update each file.  Reference files should be pre​pared in accor​dance with the same stan​dards and format as graphics files.  Exam​ples of reference files might include stan​dard border sheets, standard title, floor plans, topographic maps, and contour maps.  Reference files are not used with ARC/INFO, and are called XREF files in AutoCAD.


Standard reference files containing bor​der sheets, title blocks, etc., should be fur​nished to A-E's as a part of the GFM.

Seed/Prototype/Template Files


Whenever a new CADD graphics file is created, a seed/prototype/template file must first be identified as a tem​pl​ate for the new file.  Seed/prototype/ template files contain preset settings (e.g., units, color tables, line weights/ thicknesses, level/layer structure, line styles/types, origin, text, etc.) and view configurations, but no elements.  MicroStation and MGE use the term seed file, AutoCAD uses the term prototype file, and ARC/INFO uses the term map template.


Standard seed/prototype files should be developed by each target organiza​tion in accor​dance with the TSSDS and furnished to A-E's as a part of the GFM.

Presentation Graphics

Plotting


For CADD and MGE/MGA, a plot file should be prepared for each fur​nished project map, and should be identical to the finished project map.  Plot files should have the same file name as the design file with an appropriate file extension (normally “.plt” or “.i” file exten​sion).  Information such as levels/layers, plot scale, reference file dis​plays, pen tables (line weights/thicknesses), color tables, plotter configuration, and views/viewing angles (needed to recover iso​metrics and perspective type maps) are necessary to cre​ate a plot.


For ARC/INFO, all of the steps, coverage files, and commands used to generate each final plotted map should be documented.  Each final map should be saved as a separate map composition file.


The technical con​tract documents should require that the plotter configura​tion at which the plot files were generated should be delivered to the Govern​ment.  The plotter configura​tion should be the one used by the target organization to plot the finished maps.


The A-E should be required to provide docu​mentation concerning the plot​ter con​figuration and settings for each plot file.

Titles or border sheets


Titles or border sheets should conform to the standard sizes and formats addressed in the Tri-Service A/E/C CADD Standards.  Title blocks should con​tain the target organization's standard information and format.

Geospatial Metadata


Provisions should be included in the technical specifications requiring the A-E contractor to prepare and deliver the metadata files along with the final contract deliverables.  Internet sources of detailed information concerning the content and format for the metadata files can be obtained from the following URL addresses:

FGDC Internet Homepage - http://www.fgdc.gov

FGDC Clearinghouse - http://www.fgdc.gov/clearinghouse

FGDC Metadata - http://www.fgdc.gov/metadata

USACE National Geospatial Data Clearinghouse Node - http://corps_geo1.usace.army/mil


Metadata Generation Software has been developed to assist in the prepara​tion of the required metadata files.  Some sources of Metadata Generation Software are:


•
USACE National Geospatial Clearinghouse Node - CORPSMET is available for download at no cost.  CORPSMET is a DOS application.  A Windows 95/NT version of CORPSMET, as well as a HYPACK metadata generation tool, are under development.


•
National Oceanic and Atmospheric Administration (NOAA) - Metadata Generation Software is available for download at no cost from ftp://www.fgdc.gov/pub/tools/NOAA.


•
National Biological Service - Meta Maker (a Microsoft Access applica​tion) is available for download at no cost from http://www.emtc.nbs.gov/http_data/emtc_spatial_applications.


•
ARC/INFO (ESRI) has Document.aml for metadata generation.
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