SUMMARY

The New Jersey Department of Transportation (NJDOT) has developed a Geographic Information System (GIS) for use by the Department for the storage and analysis of cartographic (mapped) and related transportation database information. A GIS is a computer mapping system used in the analysis of geographic data and databases. This document details three important GIS concepts regarding the creation, capture and delivery of mapped information.

First, all basemaps regardless of scale must meet a definable standard, such as the United States National Map Accuracy Standard (NMAS) referenced in this document. This will guarantee true positional accuracy of data layers. The NJDOT has produced a series of maps at quad (1:24000) scale which meet NMAS standards.

Secondly, geographic data shall be mapped in state plane coordinates (SPC). SPC means a geographic reference system in the horizontal plane describing the position of points or features with respect to other points in New Jersey.  The official survey base of the state is known as the New Jersey State Plane Coordinate System whose geodetic positions have been adjusted on the North American Datum of 1983 (NAD83) as per Chapter 218, Laws of New Jersey 1989. Although this official survey base is defined in meters, the NJDOT will accept mapping done in miles or feet.

Thirdly, geographic data must be delivered to the DOT in digital format, as shown in Table 2 of this document. There are several different formats, such as a simple space delimited ASCII file of coordinates, a .DGN file from Microstation, or a Geomedia workspace and .MDB file, depending on the mapping requirements.

The NJDOT has a homepage on the World Wide Web.  The url is http:/www.state.nj.us/transportation/gis/ The Web page features Adobe Acrobat .PDF files of NJDOT/GIS county mapping and selected statewide maps.  In the future, metadata for the NJDOT/GIS will be available along with various applications created wtih Geomedia webmap.

  Note: Rules, contracts and/or other regulatory documents from the DOT may specify items required such as content, format or media. 


MAPPING AND DIGITAL DATA STANDARDS 


FOR THE NEW JERSEY DEPARTMENT OF TRANSPORTATION


GEOGRAPHIC INFORMATION SYSTEM

1.0 
INTRODUCTION

Geographic Information System (GIS) technology has become a state-of-the-art tool for innovative efforts nationally to protect the natural environment and public health.  The New Jersey Department of Transportation (DOT) acquired GIS software (Intergraph) in 1985 to provide technical and analytical support to the DOT's decision-making process. To adequately provide a transportation network, the NJDOT must make decisions based on sound, accurate spatial data. This document details the basic standards for creating, converting and encoding analog spatial data into a digital form for use on a GIS. 

The DOT/GIS is administered by the Geographic Information Systems Unit of the Division of Information Technology. The NJDOT/GIS Unit is responsible for the day to day operations of the system, training, data base development, pilot applications, GIS research, and user support.  In support of these roles, the NJDOT/GIS has established a core set of standards for all data development and input for the GIS. Basic standards will ensure consistent data quality and documentation, provide for compatibility between data sets, and facilitate interactive analysis and ensure the quality of results derived from the NJDOT/GIS. 

2.0 
BASEMAPS

Cartographic (locational) data input into the GIS must be derived from or mapped to georeferenced basemaps that meet or exceed National Map Accuracy Standards (NMAS). Recompiling data from sources which are not planimetric to georeferenced basemaps is always required. Basemaps at any scale should always meet NMAS at a minimum (Section 8.0). Data (point locations) derived from GPS technology must also meet a standard and be documented (Section 7.0).

The concept of a stable base georeferenced basemap or overlay is referred to as "GIS compatible" throughout this document. Stable base site maps of large scale, produced by surveying, mapping or photogrammetric firms may qualify as GIS compatible if they contain a minimum of four registration coordinates in the New Jersey State Plane Coordinate System, North American Datum 1983 (NAD83), the official survey base of New Jersey.

Over the years the DOT has produced several series of quality basemaps which are GIS compatible.  In several cases these maps are synoptic and statewide, such as the orthophoto basemaps associated with the 1991 and 1995 overflights.  In other cases the basemaps cover specific areas only, such as the county mapping series. 

The USGS has published an entire series of 182 topographic maps for the state at a scale of 1:24000.  The base information ranged from the late 1940's to the 1980's with photo-updates into the 1990's.  Because these maps vary in source date, and because the DOT has produced more accurate and current basemaps, the USGS Topoquads series is not recommended except as reference.

Basemap Availability
Mylar photo basemaps from 1991, 1986 and 1977/78 and the digital imagery from 1991 may be obtained from the DOT/DEP contractor, MARKHURD, Minneapolis, MN (1-800-MAP-HURD).  1995 orthophotos are available through NJDEP or USGS.

Digital Imagery

The NJDOT/DEP produced digital imagery from the 1991 overflight that is available at cost from Markhurd Corp., Minneapolis, MN (1-800-MAP-HURD).  The data can be obtained at 5 ft (quarter quad tile) resolution or 10 ft (quad tile) resolution as a black and white CIR digital files.

The 1995 digital imagery meets USGS standards of quarter quad tiles, CIR (3 bands), 1 meter resolution, in NAD83 in meters. It is available through the EROS Center National Archive. Aerial photography of the state will also be available from the Eros Data Center. 

	Table 1:    Photoquad Number & 
 1      MILFORD PA‑NJ

 2      PT. JERVIS S. NJ‑NYPA

 3      UNIONVILLE NY‑NJ

 4      PINE ISLAND NY‑NJ

 5      LAKE MASKENOZHA PA‑NJ

 6      CULVERS GAP NJ‑PA

 7      BRANCHVILLE NJ

 8      HAMBURG NJ

 9      WAWAYANDA NJ‑NY

10      GREENWOOD LAKE NY‑NJ

11      SLOATSBURG NY‑NJ

12      BUSHKILL PA‑NJ

13      FLATBROOKVILLE NJ‑PA

14      NEWTON WEST NJ

15      NEWTON EAST NJ

16      FRANKLIN NJ

17      NEWFOUNDLAND NJ

18      WANAQUE NJ

19      RAMSEY NJ‑NY

20      PARK RIDGE NJ‑NY

21      NYACK NY‑NJ

22      STROUDSBURG PA‑NJ

23      PORTLAND NJ‑PA

24      BLAIRSTOWN NJ

25      TRANQUILITY NJ

26      STANHOPE NJ

27      DOVER NJ

28      BOONTON NJ

29      POMPTON PLAINS NJ

30      PATERSON NJ

31      HACKENSACK NJ

32      YONKERS NJ‑NY

33      BANGOR PA‑NJ

34      BELVIDERE NJ‑PA

35      WASHINGTON NJ

36      HACKETTSTOWN NJ

37      CHESTER NJ

38      MENDHAM NJ

39      MORRISTOWN

40      CALDWELL NJ

41      ORANGE NJ

42      WEEHAWKEN NJ‑NY

43      CENTRAL PARK NY‑NJ

44      EASTON NJ‑PA

45      BLOOMSBURY NJ


	Name 

 46      HIGH BRIDGE NJ

 47      CALIFON NJ

 48      GLADSTONE NJ

 49      BERNARDSVILLE NJ

 50      CHATHAM NJ

 51      ROSELLE NJ

 52      ELIZABETH NJ‑NY

 53      JERSEY CITY NJ‑NY

 55      RIEGELSVILLE PA‑NJ

 56      FRENCHTOWN NJ‑PA

 57      PITTSTOWN NJ

 58      FLEMINGTON NJ

 59      RARITAN NJ

 60      BOUND BROOK NJ

 61      PLAINFIELD NJ

 62      PERTH AMBOY NJ‑NY

 63      ARTHUR KILL NY‑NJ

 66      LUMBERVILLE PA‑NJ

 67      STOCKTON NJ‑PA

 68      HOPEWELL NJ

 69      ROCKY HILL NJ

 70      MONMOUTH JUNCTION NJ

 71      NEW BRUNSWICK NJ

 72      SOUTH AMBOY NJ‑NY

 73      KEYPORT NJ‑NY

 74      SANDY HOOK NJ‑NY

 76      LAMBERTVILLE PA‑NJ

 77      PENNINGTON NJ‑PA

 78      PRINCETON NJ

 79      HIGHTSTOWN NJ

 80      JAMESBURG NJ

 81      FREEHOLD NJ

 82      MARLBORO NJ

 83      LONG BRANCH NJ

 86      TRENTON WEST PA‑NJ

 87      TRENTON EAST NJ‑PA

 88      ALLENTOWN NJ

 89      ROOSEVELT NJ

 90      ADELPHIA NJ




	Table 1: Continued
 91      FARMINGDALE NJ

 92      ASBURY PARK NJ

 93      FRANKFORD PA‑NJ

 94      BEVERLY PA‑NJ

 95      BRISTOL PA‑NJ

 96      COLUMBUS NJ

 97      NEW EGYPT NJ

 98      CASSVILLE NJ

 99      LAKEHURST NJ

100      LAKEWOOD NJ

101      POINT PLEASANT NJ

102      PHILADELPHIA PA‑NJ

103      CAMDEN NJ‑PA

104      MOORESTOWN NJ

105      MOUNT HOLLY NJ

106      PEMBERTON NJ

107      BROWNS MILLS NJ

108      WHITING NJ

109      KESWICK GROVE NJ

110      TOMS RIVER NJ

111      SEASIDE PARK NJ

112      MARCUS HOOK PA‑NJ‑DEL

113      BRIDGEPORT NJ‑PA

114      WOODBURY

115      RUNNEMEDE NJ

116      CLEMENTON NJ

117      MEDFORD LAKES NJ

118      INDIAN MILLS NJ

119      CHATSWORTH NJ

120      WOODMANSIE NJ

121      BROOKVILLE NJ

122      FORKED RIVER NJ

123      BARNEGAT LIGHT NJ

124      WILMINGTON S. DEL‑NJ

125      PENNS GROVE NJ‑DEL

126      WOODSTOWN NJ

127      PITMAN WEST NJ

128      PITMAN EAST NJ

129      WILLIAMSTOWN NJ

130      HAMMONTON NJ

131      ATSION NJ

132      JENKINS NJ

133      OSWEGO LAKE NJ

134      WEST CREEK NJ

135      SHIP BOTTOM NJ


	136      LONG BEACH NE NJ

137      DELAWARE CITY DEL‑NJ

138      SALEM NJ

139      ALLOWAY NJ

140      ELMER NJ

141      NEWFIELD NJ

142      BUENA NJ

143      NEWTONVILLE NJ

144      EGG HARBOR CITY NJ

145      GREEN BANK NJ

146      NEW GRETNA NJ

147      TUCKERTON NJ

148      BEACH HAVEN NJ

149      TAYLORS BRIDGE DEL‑NJ

150      CANTON NJ‑DEL

151      SHILOH NJ

152      BRIDGETON NJ

153      MILLVILLE NJ

154      FIVE POINTS NJ

155      DOROTHY NJ

156      MAYS LANDING NJ

157      PLEASANTVILLE NJ

158      OCEANVILLE NJ

159      BRIGANTINE INLET NJ

160      BOMBAY HOOK DEL‑NJ

161      BEN DAVIS PT. NJ‑DEL

162      CEDARVILLE NJ

163      DIVIDING CREEK NJ

164      PORT ELIZABETH NJ

165      TUCKAHOE NJ

166      MARMORA NJ

167      OCEAN CITY NJ

168      ATLANTIC CITY NJ

169      FORTESCUE NJ

170      PORT NORRIS NJ

171      HEISLERVILLE NJ

172      WOODBINE NJ

173      SEA ISLE CITY NJ

174      RIO GRANDE NJ

175      STONE HARBOR NJ

176      AVALON NJ

177      CAPE MAY NJ

178      WILDWOOD NJ

974      SANDY HOOK EAST

983      LONG BRANCH EAST

992      ASBURY PARK EAST

9173     SEA ISLE CITY EAST




3.0 
MAP COMPILATION

Mapped information comes from a variety of sources that are not always GIS compatible.  Consequently, each source must be evaluated to determine whether redrafting is necessary to prepare the data for entry into the GIS.  Much of the data required for the GIS can be derived directly from the photo-interpretation of aerial photos to rectified photo basemaps. 

3.1 
PHOTO -INTERPRETATION

Today's GIS data development efforts rely to a large degree on the derivation of themes from the interpretation of aerial photos.  The DOT has used this technique to update and realign the road centerlines of every road in the State of New Jersey.

Delineators should be intimately familiar with the classification system being employed prior to producing data for input into the GIS.  Care should be taken in choosing an appropriate standard classification system. If non-standard classification systems are used, the contractor shall fully describe the system.  

3.2 
RECOMPILATION

Recompilation involves the redrafting of features from one source to a more accurate, planimetric source based on identifiable features.  This method is commonly used to give more accuracy to data that has been delineated on sources of unknown or unspecified quality or paper manuscripts.  It is also commonly used to transfer data delineated on or to unrectified photography to a rectified or orthophoto basemap based on a series of local fits of common photo-identifiable features, such as roads.

Other data sources without photo-images may be recompiled to planimetric sources by using other coincident features.  For instance, grids on source data may be generated and plotted to planimetric basemaps and used as a guide for the redrafting of information that would otherwise not be usable in a digital form.  For example, this has been used to draft historical purveyor boundaries from old atlas sheets to the photoquads. 

4.0 
DATA AUTOMATION

The conversion of analog data to digital data is a critical step in the creation of a digital database in the GIS. GPS derived points are captured digitally and do not require automation (Section 7.0). Tablet digitizing is the most common method, however, scanning is gaining popularity particularly when large data development projects are involved. For tablet digitizing, a manuscript’s lines should be clear and complete with no gaps or shortfalls.  Operators should not interpret and digitize at the same time.  The digitizer should concentrate solely on capturing the exact nature of the linework. All maps shall be edge matched prior to digitization to eliminate cartographic errors and reduce digital problems. 

Heads up digitizing is a new digitizing technique which is useful for capturing data or updates from digital imagery. The NJDOT/GIS is presently using this technique.

Digital accuracy shall be evaluated by proof plotting the digital data to the base at the same scale as the manuscript and overlaying the data to the original map. The linework should be digitized in such a way as to create a digital copy that is within +/- one line width of the original. Edits can be flagged and corrected such that the standard is met.

The coding of features should follow an approved classification system as adopted by state and federal agencies.  These codes follow specifications of organizations responsible for deriving and maintaining the data.  

All attribute coding shall be 100% correctly coded. Code sheets shall also be provided, listing the code and full description of each code. All documentation shall be delivered in hard copy and on diskette. Codes shall also be described in the Data Dictionary.

5.0 
DATA TRANSFER

At a minimum, for the delivery of coordinates and simple database, data shall be submitted in an ASCII flat file format on 3.5 diskette. For instance, data from a word processor can be saved to an ASCII text file for delivery.  

For GIS binary files the digital format shall be an export format compatible with the NJDOT/GIS according to Table 2.  The NJDOT GIS is Intergraph MGE running on a NT based Intergraph server. Geomedia is also supported on PC flatform. For submittal to the Department, please use any of formats in Table 2.  In the future, the Department will support the federal FGDC universal standard.

    Large cartographic digital data sets shall be delivered on 8mm exabyte mammouth 170m tape or on a CD.  DOS formatted data can be delivered on 8mm exabyte mammouth 170m tape or CD. Small data sets may be delivered on 3 1/2" (1.4 mb format) diskette. For diskettes with text or files, the data shall be on a DOS formatted disk, in pipe | delimited, tab delimited or other formats such as excel or access files.  Please send all files uncompressed unless decompression software is supplied.

                         TABLE 2: NJDOT COMPATIBLE CONFIGURATIONS

	PLATFORM


	INTERGRAPH UNIX
	PC

	OPERATING SYSTEM

	UNIX
	Windows NT



	FORMAT

	MICROSTATION .DGN

RIS UNLOAD

DXF

ASCII FLAT FILE
	DGN (Microstation)

GEOMEDIA .GWS

DXF

EXCEL, ACCESS 

	SOFTWARE

      
	TAR

CPIO


	VARIOUS



	MEDIA
	3 1/2" HD 1.44MB

CD-ROM 

EXABYTE


	3 1/2" HD 1.44MB

CD-ROM 

EXABYTE 170 Mammoth




6.0 
DOCUMENTATION

Each digital data layer must be fully documented by the author.  A description of the design files, database structure and a listing of column descriptions will be available on request.

7.0 
GLOBAL POSITIONING SYSTEM

The NAVSTAR Global Positioning System (GPS) has become an accepted and widespread technology for capturing mappable features digitally for use in a GIS, particularly for points (wells, outfalls, etc.) and lines (trails, site boundaries, etc.).  The system is based on a constellation of orbiting satellites that enable users with GPS receivers to determine 3D positions anywhere on or near the earth's surface.  A GPS receiver must be able to "see" 4 or more GPS satellites in order to determine positions.  GPS is a useful tool in capturing data digitally with the ability of outputting the data in NAD83 in State Plane Coordinates which can then be loaded directly into a GIS system. The following description is provided for those unfamiliar with GPS but who are considering this technology to meet the digital standards of NJDOT.

The range of accuracy afforded by GPS is +/- 100 meters to sub-centimeter.  The accuracy of any coordinates collected with GPS will depend on several factors:  Receiver type (carrier phase vs. code based), the GPS conditions under which the coordinate data is collected (number of satellites and satellite geometry), whether the quality of the locations are enhanced through differential processing, and the data collection technique (field procedures) by the GPS receiver operator.  GPS accuracies are not expressed in absolute terms.  Rather they are expressed as a value such as 5 meters 2dRMS.  What this really means is that roughly 95% of the horizontal (x,y) values are within 5 meters of truth.

Receiver Classes and Accuracy Capabilities

The two general classes of GPS receivers provide two very different methods by which GPS signals are processed and, therefore, different accuracy capabilities.  Carrier phase receivers use characteristics of the GPS signal (i.e., wavelength) to determine positions, while code based (C/A code) receivers rely on information imbedded in the signal.

Using correct GPS survey techniques and under the right conditions, carrier phase receivers can produce extremely accurate locations (even to a few millimeters 2dRMS).  Carrier phase receivers should be used for determining locations that require a high level of accuracy.  For a GIS, carrier phase receivers should be used for establishing a very accurate geodetic control network on which very accurate base maps could be generated.  GIS feature locations can be determined with carrier phase receivers if the mapping project requires features to be mapped to a very high degree of accuracy (to within 1 meter).  Carrier phase GPS operation is more difficult and sometimes impossible in areas that are less GPS friendly.  These would include areas with significant obstructions (buildings and tree canopy) that might block or weaken GPS signals.

In most cases, feature mapping for a GIS can be accomplished with data collected with a code based GPS receiver.  The DOT recommends that code based GPS receivers for GIS data collection be 6 or more channels (enabling better performance under adverse conditions), and be capable of storing position fix data (allowing post processed differential corrections).  All GPS data collected for NJDOT's GIS must be differentially corrected, either in a post process step or in real time.   If correct procedures and proper techniques are employed, code based receivers should provide a degree of horizontal accuracy acceptable for most mapping applications (to within 5 meters 2dRMS).  Code based receivers cannot be relied upon for accurate elevation data.  Elevation values derived by code based GPS receivers may be in error 2 to 4 times the error of the horizontal measurement.

For point features (well locations, sampling stations, pollution sources, etc.) a sample of 200 position fixes must be collected with PDOP < 6.  Linear features (trails, shoreline boundaries, etc.) may also be mapped using GPS by storing position fixes while tracing the feature on foot or in vehicle. 

Sources of GPS Base Data 

There are several sources of GPS base data in New Jersey.  This reference data is necessary for differential GPS.  For greater accuracy, users should obtain base data from the source nearest the project area.

The DEP/BGIA operates a Trimble Navigation Pathfinder Community Base Station in Trenton.  This station stores GPS base data and makes the files available through an electronic bulletin board system (BBS).  The phone number to access the BBS is (609) 633-0511.  The logging hours of the receiver are Monday through Friday, 7 am to 7 pm.  The BBS is operational seven days a week, 24 hours a day.  The base data collected by this station can only be used to differentially correct data from Trimble code based receivers (Pathfinder series).  In order for the data to be compatible with other GPS receiver manufacturer's (such as Magellan, or Garmin) file formats, the Trimble file format must be converted to RINEX format.  DEP does not provide RINEX base files.      

The U.S. Environmental Protection Agency's Region II office located in Edison operates a similar station.  The phone number to access the BBS is (908) 321-6663.  The logging hours of the station are seven days a week, 7am to 7pm.  The BBS is operational seven days a week, 24 hours a day.

The National Oceanic and Atmospheric Administration (NOAA) operates a Continuously Operating Reference Station (CORS) at Sandy Hook, as part of a network of stations to support post processing applications.  This station provides code range and carrier phase GPS data in the RINEX format.  Data can be obtained via the INTERNET (ftp proton.ngs.noaa.gov) and is available for 21 days.  This station also broadcasts differential GPS corrections to support real-time positioning and navigation applications.  For more information contact the National Geodetic Survey at (301) 731-3208.         

For more information refer to the 1997 New Jersey GIS Resource Guide.

8.0 
NATIONAL MAP ACCURACY STANDARDS

United States National Map Accuracy Standards

U.S. Bureau of the Budget, Revised June 17, 1947

With a view to the utmost economy and expedition in producing maps which fulfill not only the broad needs for standard or principal maps, but also the reasonable particular needs of individual agencies, standards of accuracy for published maps are defined as follows. 

1.  Horizontal accuracy.  For maps on publication scales larger than 1:20,000, not more than 10% of the points tested shall be in error by more than 1/30 inch.  These limits of accuracy shall apply in all cases to positions of well-defined points only.  Well-defined points are those that are easily visible or recoverable on the ground, such as the following: monuments or markers, such as bench marks, property boundary monuments; intersections of roads, railroads, etc.; corners of large buildings or structures (or center points of small buildings); etc.  In general what is well-defined will also be determined by what is plottable on the scale of the map within 1/100 inch.  Thus, while the intersection of two road or property lines meeting at right angles would come within a sensible interpretation, identification of the intersection of such lines meeting at an acute angle would obviously not be practicable within 1/100 inch.  Similarly, features not identifiable upon the ground within close limits are not to be considered as test points within the limits quoted, even though their positions may be scaled closely upon the map.  In this class would come timber lines, soil boundaries, etc.

2.  Vertical Accuracy, as applied to contour maps on all publication scales, shall be such that not more than 10 percent of the elevations tested shall be in error more than one-half the contour interval.  In checking elevations taken from the map, the apparent vertical error may be decreased by assuming a horizontal displacement within the permissible horizontal error for a map of that scale.

3. The accuracy of any map may be tested by comparing the positions of points whose locations or elevations are shown upon it with corresponding positions as determined by surveys of a higher accuracy.  Tests shall be made by the producing agency, which shall also determine which of its maps are to be tested, and the extent of such testing.

4. Published maps meeting these accuracy requirements shall note this fact on their legends, as follows: "This map complies with National Map Accuracy Standards."

5. Published maps whose errors exceed those aforestated shall omit from their legends all mention of standard accuracy.

6. When a published map is a considerable enlargement of a map drawing (manuscript) or of a published map, that fact shall be stated in the legend.  For example, "This map is an enlargement of a 1:20000-scale map drawing," or "This map is an enlargement of a 1:24000-scale published map."

7. To facilitate ready interchange and use of basic information for map construction among all Federal mapmaking agencies, feasible and consistent with the uses to which the map is to be put, shall conform to latitude and longitude boundaries, being 15 minutes of latitude and longitude, or 7.5 minutes, or 3-3/4 minutes in size. (from Thompson, 1987).
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