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Introduction

There are currently a number of computer models in use that calculate the noise impacts of installations, such as airports and railroads, upon the surrounding community.  Examples of such models include the United States Air Force's Noisemap and the United States Federal Aviation Administration's Integrated Noise Model (INM).

While the details vary, the output from each of these models is essentially the same: a file of predicted noise levels (in some common metric, such as dB DNL) at a set of locations surrounding an installation.  Typically, but not always, the data points are arranged on a rectangular grid.  The output file may also include other information, such as a description of the scenario used as input to the noise model.  The term data file is used to refer to all such output files.  Traditionally, each model defined its own data file format. 

Once a data file has been created by a noise model, it is used by a variety of post-processing utilities, which perform such operations as drawing plots or calculating the area within a contour.  Similar post-processing is often required regardless of the noise model that was used to create the data file.  However, if each model defines its own data file format, separate utilities will have to be developed for use in conjunction with each noise model.  

Much duplicate effort has gone into developing post-processing utilities that perform essentially the same operations.  For example, both the USAF and the FAA have independently developed contour plotting utilities for use with their respective noise models.

It is beneficial for all parties concerned if post-processing utilities can be jointly developed and shared.  To facilitate the development of such shared post-processing utilities, a standard data file format has been developed that should meet the needs of each noise model.  This document describes this format, known as the Noise Model Grid Format (NMGF), in detail.  

While the NMGF standard was originally developed to support noise models, it is neutral to any particular application domain.  There is nothing in the format that is specific to the field of acoustics.  A NMGF file can just as easily contain data from other types of models (for example, air pollution models) or from sources other than computer models (for example, measured data).

Overview of the Noise Model Grid Format

The are two subtypes of Noise Model Grid Format (NMGF) files: ASCII (or text) and binary.  These subtypes are known as the Noise Model ASCII Grid Format (NMAGF) and the Noise Model Binary Grid Format (NMBGF), respectively.  The two formats specify the same information, but differ in how the information is stored in the file.  NMAGF ASCII grid files are easier to create, and can be viewed and edited using a simple text editor.  NMBGF binary grid files tend to be smaller, and take less time to read and write, but are also more difficult to work with, and are recommended only when efficiency concerns are paramount.  

Each NMGF file consists of a sequence of sections.  Each section consist of three components: a keyword, zero or more required parameters, and zero or more optional subsections.  

Sections begin with a 4-character alphanumeric keyword, and are designed so that utilities reading a NMGF file can skip unrecognized sections.  Such a design makes the format robust.  New types of sections can be defined without fear of breaking existing programs.

Following the section keyword are zero or more data items that comprise the required parameters of the section. There are five data item types: literal, string, integer, float, and coordinate.  These types are described in detailed below.  

Following the required parameters are zero or more optional subsections.  A subsection is simply a section that appears as a child to a parent section.  The subsection gives additional information about the parent.  A subsection can have its own subsections.  Thus, arbitrary hierarchies of information can be represented in a NMGF file.

As an example, consider the ZCRD section, which specifies an altitude or height.  This section consists of 3 data items: the literal keyword 'ZCRD', followed by a floating point number, followed by another literal keyword (which determines how the floating point number should be interpreted: feet above mean sea level, meters above ground level, etc.).  

A ZCRD section by itself is meaningless: we do not know what the altitude refers to.  The ZCRD section is always used as a subsection. Consider the PNTS section, which specifies information relating to a point geographic feature.  This section has several required parameters, such as the geographic coordinates of the point.  The altitude of the point is not a required parameter.  However, the ZCRD section can optionally appear as a subsection of the PNTS section to specify the altitude.

Each NMGF file starts with a TITL section, which specifies the NMGF version number of the file, and ends with a ENDF section, which marks the end of the file.  

Sections exist that define data points.  Each NMGF file can contain any number of primary grids, defined with a GRID section  Primary grids must be rectangular, but may have any arbitrary grid spacing (the distance between adjacent grid points in the i-axis and j-axis directions) and rotation (the direction of the grid's i-axis with respect to east).  

A NMGF file can also contain any number of nested subgrids.  Each nested subgrid has an associated parent grid, which is either a primary grid or another subgrid.  The subgrid has twice the resolution of (i.e., the distance between adjacent grid points is one half of) its parent grid, and it covers a subset of the area that the parent covers.  By repeatedly nesting subgrids, the data values in a particular area of interest can be defined to any resolution desired.

Groups of data points with arbitrary locations can be defined with the DPAL Section.  Every data point defined in this section has an associated coordinate giving the point's location.

The MTRC section specifies the metric and physical units of the data points, the GTSH section specifies the limits of valid data point values, and the DAPY section specifies the geographic area inside which valid data is known.

Sections exist (CART, UTMC) to define a geographic coordinate system that is used to locate objects with respect to the surface of the earth.  Other sections define geographic features such as points (schools, navigational aid beacons), lines (roads, rivers, flight tracks), and areas (lakes, cities).  

The BKMP section specifies an external file that contains background map information: for example, an aerial photograph.

Finally, attribute sections exists that can specify additional optional information about NBGF sections.  For example, the ZCRD section specifies the height or altitude of an object, and the ATRI section specifies an arbitrary named integer attribute.

Details of the Noise Model Grid Format, NMAGF ASCII Subtype

In the NMAGF ASCII subtype, each section begins with a opening curly brace '{' (ASCII code 123), and ends with a closing curly brace '}' (ASCII code 125).  Individual data items are separated by one or more characters of white space (white space being defined as either a space character (ASCII code 32), a tab character (ASCII code 9), a linefeed character (ASCII code 10), or a carriage return character (ASCII code 13).  Optional white space characters may appear directly before and after each curly brace.  

If a section contains subsections, each subsection is delimited by curly braces, and the subsections appear sequentially just before the parent section's closing curly brace. 

Consider the following example.  A PNTS  (single-point geographic feature) section specifies a school at location (100, 200).  An ZCRD subsection denotes the altitude of the school as 300 feet above mean sea level.

{PNTS "School" (100, 200) 
    {ZCRD 300 FMSL}
}

Note how the example is split over three lines, and how the ZCRD section is indented.  This is for readability, and is optional.  The example could also be formatted like this:

{PNTS "School" (100, 200) {ZCRD 300 FMSL}}

Details of the Noise Model Grid Format, NMBGF Binary Subtype

In the NMBGF binary subtype, each section contains an integer denoting the length of the section.  This integer appears immediately after the section's keyword, and before the section's required parameters.  All data items are an integral multiple of 4 bytes in length.  This implies that the length of each section, as well as the total length of a NMBGF file, is always an integral multiples of 4 bytes.  Four bytes is defined as a word.  The length of each section is specified in words, and not bytes.  A section's length includes all required parameters, as well as the cumulative lengths of all subsections.  

As an example, consider the ZCRD section, which represents an altitude or height attribute.  This section consists of the literal keyword 'ZCRD', followed by the integer 2 (meaning that the remainder of the section is 2 words long), followed by a floating point number, followed by another literal keyword (which determines how the floating point number should be interpreted: feet above mean sea level, meters above ground level, etc.).  

NMGF Data Types

Each section of a NMGF file is made up of data items, each of which has a specific type. The types are summarized in Table 1, and described in detail in the following text.

Table 1 - NMGF Data Item Types

Data Type
Description

Literal
A four-character alphanumeric keyword

String
A variable-length user-defined section of text

Integer
A 32-bit signed integer

Float
A single-precision floating-point value

Coordinate
A pair of single-precision floating-point numbers representing the coordinates of a point on the earth's surface

Literal

A data item of type literal consists of a string of exactly 4 alphanumeric characters.  It is used as a keyword in a NMGF file.  An alphanumeric character is either an upper case letter 'A' through 'Z', a lower case letter 'a' through 'z', or a digit '0' through '9'.

Each section begins with a literal keyword.  Keywords are also used as section parameters, such as in the ZCRD section.  

For every data item of type literal, this document will give a small number of possible 4-characters words that represent possible values for that item.  Literals are case-sensitive, so the case must exactly match that given in this document.  

For example, consider the ZCRD section, which specifies the altitude or height of an object.  The second parameter of this section is a literal data item that may have one of four possible values: "MAGL", "FAGL", "MMSL", or "FMSL".  No other four-character group is a legal value for this parameter.

In NMAGF ASCII files, literals are not enclosed in quotes.  

String

A data item of type string consists of a variable-length user-defined text string.  A string can be any length (including zero, in the case of an empty string).

In NMAGF ASCII files, strings are delimited by double quotes "".  See Appendix C, Encoding Special Characters in Strings in NMAGF ASCII Subtype Files, for details of how to encode special characters, such as linefeeds and carriage returns, in strings.

In NMBGF binary files, each string begins with a 4-byte integer that gives the number of characters in the string.  The characters of the string immediately follow.  If the number of characters is not an even multiple of 4, then trailing blanks (ASCII 32) are added to the end of the string.  Thus, for a string of n characters, the length of the string in the file will be Ceiling (n/4) + 1 words.  As an example, consider the string "XYZABC".  This would be encoded in a NMBGF file as an integer with the value 6 ("XYZABC" contains 6 characters), followed by the 6 characters "XYZABC", followed by two blank characters (which pad the entire string length to a even multiple of four bytes).

Integer

A data item of type integer consists of a 32-bit signed integer.  Integers are used for parameters that are never interpreted as floating point values, such as the number of characters in a string, or the number of points in a line.

In NMAGF ASCII files, integers are written as numbers consisting of an optional plus or minus sign, followed by one or more digits '0' through '9'.  Examples include 100 and -14

See Appendix D, Details of Integer and Floating-Point Representations in NMBGF Binary Subtype Files, for an exact specification of the binary representation of integers in a NMBGF binary file.

Float

A data item of type float consists of a single-precision floating-point number.  A single-precision number has 7 to 8 significant digits, and has a range of 1.5(10-45 to 3.4(1038.
In NMAGF ASCII files, floats are written as numbers consisting of an optional plus or minus sign, one or more digits '0' through '9', a single optional decimal point '.', and an optional exponent, written as either the 'e' or 'E' character followed by an integer.  Examples include 100, .45, 1E-3, and -1.23e6.

See Appendix D, Details of Integer and Floating-Point Representations in NMBGF Binary Subtype Files, for an exact specification of the binary representation of floating point values in a NMBGF binary file.

Coordinate

A data item of type coordinate consists of a pair of floating-point numbers representing the horizontal coordinates of a point on the earth's surface.  The two numbers are single-precision floating-point numbers.  Using single-precision numbers allows a longitude/latitude coordinate to be specified with an accuracy approaching half a meter.

The default coordinate system is longitude and latitude.  The first number in a coordinate data item is the longitude, and the second number is the latitude.  Both longitude and latitude are specified in decimal degrees.  East longitudes and north latitudes are positive, while west longitudes and south latitudes are negative.  

The CART section specifies a Cartesian coordinate system to be used instead of the default longitude and latitude.  The parameters of this section specify the location of the Cartesian coordinate system's origin on the surface of the earth, the units of the coordinates (feet or meters), and the rotation of the system's Y axis with respect to north.  The two numbers in a Cartesian coordinate data item are the distance from the origin along the X and Y axes respectively, in either feet or meters depending on the unit parameter.

The UTMC section specifies a Universal Transverse Mecator (UTM) coordinate system.  The parameters of this section specify the UTM zone, the false easting, and the false northing.  All coordinates are measured in meters east and north.

In NMAGF ASCII files, coordinates are written as two float data items, delimited by opening and closing parentheses, and separated by a comma.  For example, "(101.2, 304.5)".

In NMBGF binary files, coordinates are written as a sequence of two float data items.

All coordinate systems assume the WGS-84 datum.

Overview of NMGF Sections

File Control

These NMGF sections control the processing of a NMGF file.

ENDF
Mark the end of a NMGF file

TITL
Mark the beginning of a NMGF file, and specify the NMGF version number

Audit Trail

This NMGF section allows the creation and modification history of a NMGF file to be recorded.

SORC
Specify audit trail information about a NMGF file: why, when, where, and by whom it was created

Geographic Coordinate Systems

This NMGF section specifies a geographic coordinate system to be used instead of the default longitude/latitude.

CART
Define a Cartesian coordinate system for specifying geographic coordinates

UTMC
Define a Universal Transverse Mecator (UTM) coordinate system for specifying geographic coordinates

Data Point Specification

These NMGF sections specify information about a set of data points that define a scalar field that varies as a function of geographic location.

DAPY
Specify the geographic area inside which the data metric is known

DPAL
Specify a group of data points with arbitrary locations

GRID
Specify a group of data point arranged on a rectangular grid

GTSH
Specify the range of data point values that is considered legal

MTRC
Specify what is being measured by the data points

SUBG
Specify the size, location, parent grid, and data point values of a nested subgrid

Geographic Features

These NMGF sections allow descriptions of arbitrary geographic features to be stored in a NMGF file.

AREM
Define a geographic feature consisting of one or more closed polygons

ARES
Define a geographic feature consisting of a single closed polygon

BKMP
Define information about a background map that is stored in an external file

LINC
Define a geographic feature consisting of a series of (possibly non-contiguous) lines and arcs, described by a series of commands that move a hypothetical cursor

LINM
Define a geographic feature consisting of one or more continuous lines

LINS
Define a geographic feature consisting of a single continuous line

PNTM
Define a geographic feature consisting of one or more points

PNTS
Define a geographic feature consisting of a single point

Optional Predefined Attributes

These NMGF sections allow optional information to be specified as predefined attributes of NMGF sections.

DATE
Specify a date

DESL
Specify a detailed multi-line description of an object

DESS
Specify the proper name or a short one-line description of an object

HEAD
Specify the directional heading of an object

PERS
Specify information about a person: name, telephone number, etc.

PROG
Specify the name and version of a computer program

TIME
Specify a time

WARN
Indicate a possible problem with the data in a NMGF file

ZCRD
Specify either the height above ground level, or the altitude above mean sea level, of an object or location

Arbitrary Attributes

These NMGF sections allow NMGF files to store information that was not anticipated by the designers of the NMGF format.  Arbitrary information can be specified as attributes of NMGF sections.

ATRC
Specify a data item of type Coordinate as an arbitrary attribute of a NMGF section

ATRF
Specify a data item of type Float as an arbitrary attribute of a NMGF section

ATRI
Specify a data item of type Integer as an arbitrary attribute of a NMGF section

ATRS
Specify a data item of type String as an arbitrary attribute of a NMGF section

ATRT
Specify a arbitrary table of information as an attribute of a NMGF section

Pseudocode For Writing a NMGF File

The following pseudocode illustrates how to write a NMGF file.  While not strictly required, it is recommended that the sections in a NMGF files be written in the following order.

1. Open a file

2. Write a TITL section to the file

3. If desired, write a section (either CART or UTMC) to define a geographic coordinate system to be used in place of the default longitude and latitude

4. Write a SORC section  

4.1. Write a DESS subsection that specifies a one-line description of the NMGF file

4.2. Write a DESL subsection that specifies a detailed description of the NMGF file

4.3. Write DATE, PERS, PROG, and TIME subsections, as appropriate, to give additional information about the NMGF file

4.4. If the NMGF file is being created by combining or modifying one or more existing NMGF files, then copy the existing NMGF files' SORC sections as subsections of this NMGF file's SORC section

5. If this NMGF file will contain any geographic features(
5.1. For each geographic feature to be added to this NMGF file(
5.1.1. Write an AERM, AERS, LINC, LINM, LINS, PNTM, or PNTS section to define the feature

5.1.2. If desired, write DESS, DESL, HEAD, and/or ZCRD subsections to specify additional information about the geographic feature

6. If any background maps are to be associated with this NMGF file...

6.1. For each background map...

6.1.1. Write a BKMP section for the map

6.1.2. If desired, write DESS and DESL subsections to specify additional information about the map

7. If this NMGF file will contain any data points(
7.1. Write a MTRC section specifying the metric being measured by the data points

7.2. Write a DAPY section to describe the geographic area covered by the data points, if the default convex hull area is not acceptable

7.3. If the data point values have lower and/or upper legal limits, write a GTSH section to specify these limits

7.4. For each primary rectangular grid of data points(
7.4.1. Write a GRID section describing the grid

7.4.2. If the primary grid has any subgrids, specify them with one or more SUBG sections

7.5. For each group of data points not defined on a rectangular grid, write a DPAL section listing the data point locations and their values

8. Write an END section

9. Close the file

NMGF Section Reference

This chapter contains a detailed description of all NMGF sections, arranged alphabetically.

Special Symbols Used in Section Descriptions




This symbol indicates that a section can be used as a primary section.  That is, it appears at the top level in a NMGF file, and is not contained in the optional parameters portion of another section.




This symbol indicates that a section can be used as a subsection.  That is, it can be used as a child section that appears in the optional parameters portion of another section.  Subsections give additional information about their parent section.

AREM
Define Multiple-Island Area Geographic Feature     


Purpose

Define a geographic feature consisting of one or more closed polygons

Parameters

CATEGORY, N, M1, P1,1, P1,2 SYMBOL 188 \f "Symbol" P1,M1, M2, P2,1 SYMBOL 188 \f "Symbol" MN SYMBOL 188 \f "Symbol" PN,MN
Name
Type
Description

CATEGORY
String
The type of geographic feature: lake, city boundary, etc.

N
Integer
Number of separate closed polygons that define this area's boundary

Mi
Integer
Number of points in the i'th closed polygon

Pi,j
Coordinate
Coordinates of the j'th point of the i'th closed polygon of this area's boundary

Remarks

See the remarks associated with the ARES section.

If closed polygons nest inside one another, then the odd-even rule is used to determine if a point is considered to be inside the area.  That is, if a ray from a given point to infinity intersects a polygon boundary an odd number of times, then that point is considered to be inside the area.

Restrictions

Each polygon island must contain at least 3 points.

Possible Child Subsections

See the possible child subsections of the ARES section.

See also

ARES

Appendix G, Standard Geographic Feature Categories

ARES
Define Single-Island Area Geographic Feature     


Purpose

Define a geographic feature consisting of a single closed polygon

Parameters

CATEGORY, N, P1, P2 ( PN
Name
Type
Description

CATEGORY
String
Type of geographic feature: lake, city boundary, etc.

N
Integer
Number of points defining the area boundary

Pi
Coordinate
Coordinates of the i'th point in the area boundary

Remarks

The area is assumed to be a closed curve.  If the first and last points are not the same, then the curve is assumed to close with a straight line between the first and last points.

Areas can be used to define graphical annotating features.  For example, an area can be defined which marks the boundary of a housing complex, and a plotting package can draw the boundary whenever a plot is created.

Areas can also be used for computational purposes.  For example, an area could be defined that follows the edge of a neighborhood.  A post-processor utility could then be written that reads a NMGF file and calculates the fraction of that neighborhood with a data metric above a certain level.

The CATEGORY parameter is used to group related geographic features into broad categories.  Programs can manipulate the features according to these groups.  For example, suppose that several areas are specified with the category of "Lake".  A plotting application could be told to draw all lake lines using the color blue, freeing the user from the drudgery of specifying a color for each individual area.  See Appendix G, Standard Geographic Feature Categories, for a list of recommended categories.

Restrictions

The area boundary must contain at least 3 points.

Possible Child Subsections

Section
Use

ZCRD
Specify the average altitude of the geographic feature.

DESS
Specify the proper name of the geographic feature: for example, "Lake Michigan".

DESL
Specify detailed information about the geographic feature: for example, "The points comprising this area were obtained from the USGS".

ATRC
ATRF
ATRI
ATRS
ATRT
Specify arbitrary attributes associated with the geographic feature.

See also

AREM

Appendix G, Standard Geographic Feature Categories

ATRC
Specify Arbitrary Coordinate Attribute     


Purpose

Specify a data item of type Coordinate as an arbitrary attribute of a NMGF section

Parameters

NAME, VALUE

Name
Type
Description

NAME
String
Name of the attribute

VALUE
Coordinate
Value of the attribute

Remarks

See the remarks associated with section ATRI.

Restrictions

NAME must have a length greater than zero.  That is, it cannot be an empty string "".

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Any other section.

See also

ARTF, ATRI, ATRS, ATRT

ATRF
Specify Arbitrary Float Attribute     


Purpose

Specify a data item of type Float as an arbitrary attribute of a NMGF section

Parameters

NAME, VALUE

Name
Type
Description

NAME
String
Name of the attribute

VALUE
Float
Value of the attribute

Remarks

See the remarks associated with section ATRI.

Restrictions

NAME must have a length greater than zero.  That is, it cannot be an empty string "".

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Any other section.

See also

ARTC, ATRI, ATRS, ATRT

ATRI
Specify Arbitrary Integer Attribute     


Purpose

Specify a data item of type Integer as an arbitrary attribute of a NMGF section

Parameters

NAME, VALUE

Name
Type
Description

NAME
String
Name of the attribute

VALUE
Integer
Value of the attribute

Remarks

NAME is a text name that uniquely identifies the attribute, and VALUE is the corresponding value of the attribute.

The arbitrary attribute sections (ATRC, ATRF, ATRI, ATRS, ATRT) allow NMGF files to store information that was not anticipated by the designers of the NMGF format.  Utilities can be written to display attributes to the user, and to perform computations based upon specific attributes.

For example, suppose we have a NMGF file that contains a grid of DNL noise values for the neighborhood surrounding an airport.  Also suppose that the NMGF file contains AERS sections that denote city blocks.  ATRI integer attribute subsections could be used to specify the population of each area: the NAME parameter of each ATRI subsection would be "Population", and the VALUE parameter would be the actual population.  A post-processor could be written that would search the NMGF file for every AERS section with a "Population" attribute, and calculate the number of people that live inside the 65 dB contour.

Restrictions

NAME must have a length greater than zero.  That is, it cannot be an empty string "".

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Any other section.

See also

ARTC, ATRF, ATRS, ATRT

ATRS
Specify Arbitrary String Attribute     


Purpose

Specify a data item of type String as an arbitrary attribute of a NMGF section

Parameters

NAME, VALUE

Name
Type
Description

NAME
String
Name of the attribute

VALUE
String
Value of the attribute

Remarks

See the remarks associated with section ATRI.

Restrictions

NAME must have a length greater than zero.  That is, it cannot be an empty string "".

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Any other section.

See also

ARTC, ATRF, ATRI, ATRT

ATRT
Specify Arbitrary Table Attribute     


Purpose

Specify a arbitrary table of information as an attribute of a NMGF section

Parameters

NAME, NUMCOLS, COLNAME1, COLTYPE1, COLNAME2 ( COLNAMENUMCOLS, COLTYPENUMCOLS, NUMROWS, VAL1,1, VAL2,1 ( VALNUMCOLS,1, VAL1,2 ( VALNUMCOLS,NUMROWS
Name
Type
Description

NAME
String
Name of this attribute

NUMCOLS
Integer
Number of columns in this table

COLNAMEi
String
Unique name of the i'th column

COLTYPEi
Literal
Type of data in the i'th column.  Can be(   

"CORD"
for Coordinate,

"FLOT"
for Float,

"INTG"
for Integer, or

"STRN"
for String

NUMROWS
Integer
Number of rows in the table

VALi,j
Varies
Value of the data item in the i'th column and j'th row of the table

Remarks

See the remarks associated with section ATRI.

The table values VALi,j are stored in the order that the following code fragment would write them:

   For j := 1 to NUMROWS do
      For i := 1 to NUMCOLS do
         Write (VAL [i, j]);

Restrictions

NUMCOLS ( 1, NUMROWS ( 0

The table name NAME, and all column names COLNAMEi, must have lengths greater than zero.  That is, they cannot be empty strings "".

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Any other section.

See also

ATRC, ATRF, ATRI, ATRS 

BKMP
Specify a Background Map     


Purpose

Provide information about a background map that is stored in an external file

Parameters

FILENAME, CATEGORY

Name
Type
Description

FILENAME
String
The file name of the external file that hold the map data.

 CATEGORY
String
Type of geographic features stored in the map: road, river, etc.

Remarks

This section specifies a file that contains a background map that could be used if field data is graphically displayed.  For example, suppose that a user has a NMGF file containing a grid of noise levels around an airport.  Suppose that the user also had a georeferenced bitmap file of an aerial photograph of the airport.  In this case, the user could add a BKMP section to their NMGF file that referenced the bitmap file.  The NMGF file could then be loaded into a plotting utility that supports both NMGF files and georeferenced bitmaps, and a plot of noise contours overlaying the aerial photograph could be produced.

The map data can be stored in various formats: ArcInfo shape files, digitized aerial photographs, etc.  A NMGF file can also be used to specify a background map, since it can contain geographic features sections such as AREM and LINS.

A plotting application that supports the NMGF standard should support background maps in the NMGF format.  Other formats may be supported optionally.    

If the background map does not contain georeference data, then the map is assumed to be specified in the coordinate system of the NMGF file (i.e., longitude and latitude unless changed with the CART section).

Geographic features are grouped into broad categories: for example, “Primary Road” or “Water”.  The CATEGORY parameter is used to specify the category of the items in the background map  If the file contains items of more than one category, then the CATEGORY parameter should be “Mix”.

See Appendix G, Standard Geographic Feature Categories, for a list of recommended categories.

Possible Child Subsections

Section
Use

DESS
Specify a short, one-line description of the background map: for example, "Dayton, Ohio aerial photograph"

DESL
Specify a detailed description of the background map: for example, "An aerial photograph of a 10x10 mile section of Dayton, Ohio, taken in 1973."

ATRC
ATRF
ATRI
ATRS
ATRT
Specify arbitrary attributes associated with the background map

See also

Appendix G, Standard Geographic Feature Categories

CART
Use Cartesian Coordinate System     


Purpose

Define a Cartesian coordinate system for specifying geographic coordinates

Parameters

LOR, LAR, XR, YR, UNIT, ROT

Name
Type
Description

LOR
Float
Longitude of a reference point, in decimal degrees

LAR
Float
Latitude of a reference point, in decimal degrees

XR
Float
X Cartesian coordinate of a reference point

YR
Float
Y Cartesian coordinate of a reference point

UNIT
Literal
Units of the Cartesian coordinate system: "FEET" for feet, "METR" for meters

ROT
Float
Rotation of the Cartesian axes, in degrees counter-clockwise

Remarks

This section specifies that all data items of type Coordinate should be interpreted as Cartesian coordinates.  

LOR and LAR are the longitude and latitude (in decimal degrees east and north) of a known reference point, while XR and YR are the Cartesian coordinates of the same point.  UNIT is the measurement system unit used to measure distances along the axes of the Cartesian coordinate system.  ROT is the rotation of the Cartesian coordinate system's X axis, measured in degrees counter-clockwise from true (as opposed to magnetic) east.

As an example, assume that a Cartesian coordinate system has been specified with the following parameters: LOR = -90.5, LAR = 30.2, XR = 0, YR = 0, UNIT = "FEET", and ROT = 45.  In this case, the Cartesian point (100, 100) would be located 141.4 feet due north of longitude -90.5, latitude 30.2.

Restrictions

A NMGF file can contain only one CART section.  This section must appear before the first data item of type Coordinate in the NMGF file.

A NMGF file cannot can both CART and UTMC sections.

Default value

The default coordinate system is degrees of longitude and latitude.

DAPY
Specify Defined Area Polygon     


Purpose

Specify the geographic area inside which the data metric is known

Parameters

N, M1, P1,1, P1,2 SYMBOL 188 \f "Symbol" P1,M1, M2, P2,1 SYMBOL 188 \f "Symbol" MN SYMBOL 188 \f "Symbol" PN,MN
Name
Type
Description

N
Integer
Number of separate closed island polygons in this area

Mi
Integer
Number of points in the i'th island polygon

Pi,j
Coordinate
Coordinates of the j'th point of the i'th island polygon of the area

Remarks

The DAPY section is used to specify a closed polygon (possibly comprised of more than one closed sub-polygons) that defines the geographic area inside of which noise levels can be interpolated from the data points that appear in a NMGF file.

Each island is assumed to be a closed curve.  If the first and last points given for an island are not the same, then the curve is closed with a straight line between the first and last points.

If closed polygons nest inside one another, then the odd-even rule is used to determine if a point is considered to be inside the area.  That is, if a ray from a given point to infinity intersects a polygon boundary an odd number of times, then that point is considered to be inside the area.

Restrictions

Each separate island polygon must contain at least 3 non-collinear points.

A NMGF file cannot contain more than one DAPY section.

If a DAPY section is used, it must appear before the first data point is encountered in the NMGF file: i.e., before the first DPAL, GRID, or SUBG section.

The legal data points in the NMGF file must be distributed such that the noise level can be calculated by interpolation for any point inside the defined area polygon.  The defined area polygon should never extend beyond the convex hull surrounding all legal data points.  A legal data point is one whose value is inside the data threshold range set by the GTSH section.

Default value

The default defined area polygon is the convex hull surrounding all legal data points.

See also

GTSH

DATE
Specify a Date     


Purpose

Specify a date

Parameters

DAY, MONTH, YEAR

Name
Type
Description

DAY
Integer
Day, 1-31

MONTH
Integer
Month, 1-12

YEAR
Integer
Year, 4 digits

Restrictions

1 ( DAY ( 31

1 ( MONTH ( 12

The year must be a 4-digit (e.g. 1996), not a 2-digit (e.g. 96), value.  This restriction prevents confusion as to which century a two-digit date refers to.

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

SORC
The date this NMGF file was created.

See also

TIME

DESL
Specify a Long Description     


Purpose

Specify a detailed multi-line description of an object

Parameters

D

Name
Type
Description

D
String
Long, detailed description

Remarks

The DESL section is intended to specify a long, detailed, multiple-line description.  It can have any number of characters.  Lines should be separated by a linefeed character (i.e., a newline character, ASCII code 10).

Restrictions

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

AREM
ARES
LINC
LINM
LINS
PNTM
PNTS
Specify an extensive description of a geographic feature

BKMP
Specify an extensive description of a background map

SORC
Specify a detailed description of the source of a NMGF file

PERS
Specify additional information about a person

See also

DESS

DESS
Specify a Short Description     


Purpose

Specify the proper name or a short one-line description of an object

Parameters

D

Name
Type
Description

D
String
Short one-line description

Remarks

The DESS section is intended to specify short, one-line description of an object.  It should have less than 60 characters is possible.  

Restrictions

The description should not contain more than one line: i.e., it should not contain any line feed (ASCII 10) or carriage return (ASCII 13) characters.  If a longer, more detailed multi-line description is needed, then the DESL section can be used.

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

AREM
ARES
LINC
LINM
LINS
PNTM
PNTS
Specify the proper name of a geographic feature.  For example, if a LINS section represents a road, then a DESS subsection might specify the short description "Interstate 70".

BKMP
Specify a one-line description of a background map.

SORC
Specify a one-line description of the source of a NMGF file.

See also

DESL

DPAL
Define Data Points with Arbitrary Locations     


Purpose

Specify the location and values of a group of data points that have arbitrary locations

Parameters

N, P1, V1, P2, V2 SYMBOL 188 \f "Symbol" PN, VN
Name
Type
Description

N
Integer
Number of data points

Pi
Coordinate
The location of the i'th data point

Vi
Float
The value of the i'th data point

Remarks

The data point values are interpreted to be in the metric defined by the MTRC section.

If the data points are arranged on a regular rectangular grid, consider using a GRID section to specify them.  The GRID section will be smaller, since the location of each point is not explicitly stored.

Restrictions

N > 0

See also

GRID, GTSH, MTRC, SUBG

ENDF
Mark End of File     


Purpose

Mark the end of a NMGF file

Parameters

None

Restrictions

Every NMGF file must contain exactly one ENDF section, which must be the last section in the file.

The ENDF section cannot have any child subsections.

See also

TITL

GRID
Define a Rectangular Grid of Data Points     


Purpose

Specify the size, location, and data point values of a rectangular primary grid

Parameters

NAME, NI, NJ, DI, DJ, UNIT, ORIGIN, ROT, V1,1, V1,2, V1,3 SYMBOL 188 \f "Symbol" V2,1, V2,2 SYMBOL 188 \f "Symbol" VNI,NJ
Name
Type
Description

NAME
String
Unique identifying name for this grid

NI
Integer
Number of grid points in the i-axis direction

NJ
Integer
Number of grid points in the j-axis direction

DI
Float
Distance between adjacent grid points in the i-axis direction, in units specified by the UNIT parameter

DJ
Float
Distance between adjacent grid points in the j-axis direction, in units specified by the UNIT parameter

UNIT
Literal
Units used to specify parameters DI and DJ: "FEET" for feet, "METR" for meters

ORIGIN
Coordinate
Geographic coordinates of grid point [1, 1]

ROT
Float
Rotation of the grid's i-axis, measured in degrees counterclockwise from true (as opposed to magnetic) east

Vi,j
Float
The data value for primary grid point [i, j]

Remarks

Name is a unique name that is different from all other grid names given in other GRID and SUBG sections.  It is used to identify a nested subgrid's parent (see section SUBG).

NI, NJ, DI and DJ completely determine the size of the primary grid.  NI and NJ also specify the total number of grid points in the primary grid, NI(NJ.

In an unrotated grid, the positive i-axis point east, and the positive j-axis points true north. The grid is defined such that, for an unrotated grid, point [1, 1] is the lower-left hand corner of the grid, with the i index increasing towards the right (east) and the j index increasing towards the top (north).

The grid point values Vi,j are stored in the order that the following code fragment would write them:

   For i := 1 to NI do
      For j := 1 to NJ do
         Write (V [i, j]);

The grid point values are interpreted to be in the metric defined by the MTRC section.
Groups of data points that are not arranged on a regular rectangular grid may be specified using the DPAL section.

As an example, suppose that a Cartesian geographic coordinate system based on feet is in effect, and a GRID section is encountered with the following parameters: NI = 4, NJ = 6, DI = 565, DJ = 565, UNIT = "FEET", ORIGIN = (3000, 1000), and ROT = 45.  The following figure illustrates how this grid would appear relative to the geographic coordinate system.




Restrictions

NI ( 2, NJ ( 2

DI > 0, DJ > 0

NAME must be different from the names of all other grids and subgrids that appear in the same NMGF file.

See also

DPAL, GTSH, MTRC, SUBG

GTSH
Specify Legal Data Point Value Thresholds     


Purpose

Specify the range of data point values that are considered legal

Parameters

VMIN, VMAX


Name
Type
Description

VMIN
Float
Minimum data point value that is considered legal

VMAX
Float
Maximum data point value that is considered legal

Remarks

Any data point with a value below VMIN or above VMAX is considered an illegal data point, and is to be treated as missing data: i.e., it is not to be used in the computation of contours, etc.

Restrictions

A NMGF file cannot contain more than one GTSH section.

If a GTSH section is used, it must appear before the first data point is encountered in the NMGF file: i.e., before the first DPAL, GRID, or SUBG section.

Default value

No limits: all data point values are considered legal.

See also

DPAL, MTRC, GRID, SUBG

HEAD
Specify Directional Heading    


Purpose

Specify the directional heading of an object (i.e., the direction the object is pointing), in degrees clockwise from true north.

Parameters

H

Name
Type
Description

H
Float
The heading, in degrees clockwise from true north.

Remarks

The HEAD subsection can be used to specify the direction that a geographic feature is pointing: i.e., its directional heading. The specified direction indicates the direction that the 'front' of the feature is pointing. Typically, this is only done for point attributes.   

Restrictions

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

PNTM
PNTS
The HEAD subsection can be used to specify the directional heading of a geographic feature. 

LINC
Define Complex Line Geographic Feature     


Purpose

Define a geographic feature consisting of a series of (possibly non-contiguous) lines and arcs, described by a series of commands that move a hypothetical cursor

Parameters

CATEGORY, UNIT, P0, H0, N, C1, C2 ( CN
Name
Type
Description

CATEGORY
String
Type of geographic feature: road, flight track, etc.

UNIT
Literal
Unit to use for the lengths that are the parameters of the commands (see parameter Ci below)

"FEET"
Lengths in feet

"METR"
Lengths in meters

P0
Coordinate
Initial cursor position

H0
Float
Initial cursor heading

N
Integer
Number of commands that describe the geographic feature

Ci
Varies
The i'th command

Remarks

The LINC section specifies a geographic feature consisting of a set of (possibly non-contiguous) lines and arcs.  

The lines and arcs are described by an hypothetical cursor, which always has a current position (with respect to the surface of the earth) and heading (measured in degrees clockwise from true north).  A series of commands exist that operate on the cursor: for example, move it straight ahead for a specified distance, turn it to point to a specified heading, etc.  As the cursor moves, it traces out the line segments and arcs that comprise this geographic feature.

The CATEGORY parameter is used to group related geographic features into broad categories.  Programs can manipulate the features according to these groups.  For example, suppose that several lines are specified with the category of "River".  A plotting application could be told to plot all river lines using the color blue, freeing the user from the drudgery of specifying a color for each individual line.  See Appendix G, Standard Geographic Feature Categories, for a list of recommended categories.

The UNIT parameter specifies the units that are used to describe the lengths that are parameters of the various commands.  Lengths can be measured in either feet or meters.

The P0 and H0 parameters specify the initial position and heading of the cursor, before the first command C1 is executed.

The N parameter specifies the number of commands that are used to describe the geographic feature.  

The Ci parameters consist of N commands.  Each command begins with keyword of type Literal, which specifies the name of the command.  Some commands have parameters: these immediately follow the command keyword.

The available commands can be into grouped into 3 categories.

Commands That Change the Position of the Cursor, and Extend the Geographic Feature Being Described

The following commands change the position of the cursor, and possibly also its heading.  The line segment or arc described by each command is appended to the list of line segments and arcs that comprise the geographic feature being described.  

DSTR
Move Straight Ahead
Parameters

DIST
Float
Distance to move

Description
The cursor is moved a distance of DIST in the direction of its current heading.

DARR
Turn in Arc Relative to Current Heading
Parameters

ANGLE
Float
Angle to turn, in degrees to the right


RADIUS
Float
Radius of the arc

Description
The cursor is moved in an arc of radius RADIUS until the cursor's heading equals its original value + ANGLE.  If ANGLE is positive, the arc is to the right.  If ANGLE is negative, the arc is to the left.

DALA
Turn to Left in Arc to New Absolute Heading
Parameters

HEAD
Float
The new heading to turn to


RADIUS
Float
Radius of the arc

Description
The cursor is moved in an arc of radius RADIUS until the cursor's heading equals HEAD.  The arc curves to the left.

DARA
Turn to Right in Arc to New Absolute Heading
Parameters

HEAD
Float
The new heading to turn to


RADIUS
Float
Radius of the arc

Description
The cursor is moved in an arc of radius RADIUS until the cursor's heading equals HEAD.  The arc curves to the right.

DAPT
Go to Absolute Point
Parameters

P
Coordinate
New cursor position

Description
The cursor is moved straight to location P.  Its heading is not changed. 

DAPH
Go to Absolute Point and Absolute Heading
Parameters

P
Coordinate
New cursor position


HEAD
Float
New cursor heading

Description
The cursor is moved straight to location P, and its heading is set to HEAD.

Commands That Change the Position of the Cursor, But Do Not Extend the Geographic Feature Being Described

The following commands change the position of the cursor, and possibly also its heading.  However, they do not extend the geographic feature being described.  Thus, the following commands can be used to specify a break, on non-continuity, in the geographic feature.  

MSTR
Move Straight Ahead
Parameters and Description same as for DSTR command

MARR
Turn in Arc Relative to Current Heading
Parameters and Description same as for DARR command

MALA
Turn to Left in Arc to New Absolute Heading
Parameters and Description same as for DALA command

MARA
Turn to Right in Arc to New Absolute Heading
Parameters and Description same as for DARA command

MAPT
Go to Absolute Point
Parameters and Description same as for DAPT command

MAPH
Go to Absolute Point and Absolute Heading

Parameters and Description same as for DAPH command

Commands That Only Change the Heading of the Cursor

The following commands only change the heading of the cursor.  They do not change its position, and therefore do not extend the geographic feature being described.  

TNRL
Turn Relative to Current Heading
Parameters

ANGLE
Float
Angle to turn, in degrees to the right 

Description
ANGLE is added to the cursor's heading.  ANGLE may be negative, in which case it refers to a turn to the left.

TNAH
Turn to New Absolute Heading
Parameters

HEAD
Float
The new heading to turn to

Description
The cursor's heading is set to HEAD.

TRFP
Turn to Face Point
Parameters

P
Coordinate
Point to face

Description
The cursor's heading is set so that it points directly towards P.  That is, if the next command instructed to cursor to move straight forward a sufficient distance, the cursor would pass through point P.

If P is the same as the current cursor location, then this command does nothing.

TL90
Turn Left 90 Degrees
Parameters

None

Description
90 degrees is subtracted from the cursor's heading.  Equivalent to TNRL with an ANGLE parameter value of -90.

TR90
Turn Right 90 Degrees
Parameters

None

Description
90 degrees is added to the cursor's heading.  Equivalent to TNRL with an ANGLE parameter value of 90.

T180
Turn 180 Degrees
Parameters

None

Description
180 degrees is added to the cursor's heading.  Equivalent to TNRL with an ANGLE parameter value of 180.  Reverses the direction the cursor is pointing.

Restrictions

Several commands have a RADIUS parameter.  This parameter must always be greater than zero.

Possible Child Subsections

See the possible child subsections of the LINS section.

See also

LINM, LINS

Appendix G, Standard Geographic Feature Categories

LINM
Define Multiple-Line Geographic Feature     


Purpose

Define a geographic feature consisting of one or more continuous lines

Parameters

CATEGORY, N, M1, P1,1, P1,2 SYMBOL 188 \f "Symbol" P1,M1, M2, P2,1 SYMBOL 188 \f "Symbol" MN SYMBOL 188 \f "Symbol" PN,MN
Name
Type
Description

CATEGORY
String
Type of geographic feature: road, river, etc.

N
Integer
Number of separate lines in this geographic feature

Mi
Integer
Number of points in the i'th line of this geographic feature

Pi,j
Coordinate
Coordinates of the j'th point of the i'th line of this geographic feature

Remarks

See the remarks associated with the LINS section.

Possible Child Subsections

See the possible child subsections of the LINS section.

See also

LINC, LINS

Appendix G, Standard Geographic Feature Categories

LINS
Define Single-Line Geographic Feature     


Purpose

Define a geographic feature consisting of a single continuous line

Parameters

CATEGORY, N, P1, P2 ( PN
Name
Type
Description

CATEGORY
String
Type of geographic feature: road, river, etc.

N
Integer
Number of points in the line

Pi
Coordinate
Coordinates of the i'th point in the line

Remarks

Lines can be used to define graphical annotating features.  For example, a line can be defined which marks the boundary of a housing complex, and a plotting package can draw the boundary whenever a noise impact plot is created.

Lines can also be used for computational purposes.  For example, a line could be defined that follows the edge of a neighborhood.  A post-processor utility could then be written that reads a NMGF file and calculates the fraction of that neighborhood with a data metric above a certain level.

The CATEGORY parameter is used to group related geographic features into broad categories.  Programs can manipulate the features according to these groups.  For example, suppose that several lines are specified with the category of "River".  A plotting application could be told to plot all river lines using the color blue, freeing the user from the drudgery of specifying a color for each individual line.

See Appendix G, Standard Geographic Feature Categories, for a list of recommended categories.

Possible Child Subsections

Section
Use

ZCRD
Specify average altitude of the geographic feature

DESS
Specify the proper name of the geographic feature: for example, "Interstate 70"

DESL
Specify a detailed description of the geographic feature: for example, "The portion of Interstate 70 within 20 miles of Dayton, Ohio"

ATRC
ATRF
ATRI
ATRS
ATRT
Specify arbitrary attributes associated with the geographic feature

See also

LINC, LINM

Appendix G, Standard Geographic Feature Categories

MTRC
Specify Data Metric     


Purpose

Specify what is being measured by the data points in a NMGF file

Parameters

TYPE, UNIT

Name
Type
Description

TYPE
String
Type of metric: for example, "Noise" or "Terrain Height"

UNIT
String
Units of metric: for example, "DNL" or "Feet"

Remarks

The data metric describes exactly what is being measured, and what units are used, by the data points in a NMGF file.

Restrictions

No more than one MTRC section can appear in a NMGF file.

If a MTRC section is used, it must appear before the first data point is encountered in the NMGF file: i.e., before the first DPAL, GRID, or SUBG section.

See also

DPAL, GRID, GTSH,  SUBG

PERS
Specify Information About a Person     


Purpose

Specify information about a person: name, telephone number, etc.

Parameters

NAME, TITLE, COMPANY, ADDRESS, PHONE, FAX, EMAIL

Name
Type
Description

NAME
String
The person's name

TITLE
String
The person's job title or position

COMPANY
String
The person's organization, affiliation, or company

ADDRESS
String
The person's address, including city, state, zip code, and country

PHONE
String
The person's voice telephone number

FAX
String
The person's fax telephone number

EMAIL
String
The person's electronic or e-mail address

Restrictions

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

SORC
Specify the person who created the NMGF file

Possible Child Subsections

Section
Use

DESL
Specify additional information about the person

PNTM
Define Multiple-Point Geographic Feature     


Purpose

Define a geographic feature consisting of one or more points

Parameters

CATEGORY, N, P1, P2 SYMBOL 188 \f "Symbol" PN
Name
Type
Description

CATEGORY
String
Type of geographic feature: church, helipad, etc.

N
Integer
Number of points

Pi
Coordinate
Coordinates of the i'th point

Remarks

See the remarks associated with the PNTS section.

Possible Child Subsections

See the possible child subsections of the PNTS section.

See also

PNTS

Appendix G, Standard Geographic Feature Categories

PNTS
Define Single-Point Geographic Feature     


Purpose

Define a geographic feature consisting of a single point

Parameters

CATEGORY, P

Name
Type
Description

CATEGORY
String
Type of geographic feature: church, helipad, etc.

P
Coordinate
Coordinates of the point

Remarks

Points can be used to define graphical annotating features.  For example, a point can be defined which marks a noise-sensitive hospital, and a plotting package can draw a hospital symbol whenever a noise impact plot is created.

The category parameter is used to group related geographic features into broad categories.  Programs can manipulate the features according to these groups.  For example, suppose that several points are specified with the category of "School".  A plotting application could be told to plot all school points using the color red, freeing the user from the drudgery of specifying a color for each point.

See Appendix G, Standard Geographic Feature Categories, for a list of recommended categories.

Possible Child Subsections

Section
Use

ZCRD
Specify the altitude of the geographic feature

DESS
Specify the proper name of the geographic feature: for example, "Washington High School"

DESL
Specify detailed information about the geographic feature: for example, "The construction material of this school makes it highly susceptible to noise impacts."

HEAD
Specify the directional heading of the geographic feature

ATRC
ATRF
ATRI
ATRS
ATRT
Specify arbitrary attributes associated with the geographic feature

See also

PNTM

Appendix G, Standard Geographic Feature Categories

PROG
Specify Computer Program Name     


Purpose

Specify the name and version of a computer program

Parameters

USERNAME, FILENAME, VERSION

Name
Type
Description

USERNAME
String
Proper name of the computer program as know to users: for example, "Noisemap"

FILENAME
String
File name of the computer program: for example, "NMAP63.EXE"

VERSION
Float
Version number of the computer program: for example, 1.23

Restrictions

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

SORC
Specify the computer program used to create the NMGF file

SORC
Specify Source of NMGF File     

 


Purpose

Specify audit trail information about a NMGF file: why, where, when, and by whom it was created

Parameters

CATEGORY

Name
Type
Description

CATEGORY
String
Source category: "Model", "Measured", etc.

Remarks

The SORC section is used to specify the source of the NMGF file in which it appears.  Optional subsections can be used to specify details such as a description of the source, the time the file was created, and the computer program that created it.

The CATEGORY parameter is used to group NMGF sources into broad groups.  The following standard categories are defined.

CATEGORY
Description

"Model"
A computer model, such as Noisemap or INM.

"Measured"
Measured data.

"Combined"
The NMGF file was created by combining two or more existing NMGF files.

"Modified"
The NMGF file was created by modifying an existing NMGF file: for example, multiplying all data point values by a constant.

Other categories can be defined as needed.

Note that SORC sections can appear as subsections of other SORC sections.  This allows the full history of a NMGF file to be maintained.  For example, suppose that we have two NMGF files, each with their own SORC sections.  Now supposes that we create a new NMGF file by adding the grids of the two existing files.  The new file would contain a SORC sections with a CATEGORY parameter of "Combined".  Copies of the two original files' SORC sections would appear as subsections of the new file's SORC section.

Restrictions

A NMGF file cannot contain more than one primary SORC section: that is, a SORC section that appears as a primary section in a NMGF file.  However, this primary SORC section may have any number of SORC subsections.

Possible Parent Sections

Section
Use

SORC
See discussion in the remarks above

Possible Child Subsections

Section
Use

DATE
Specify the date this NMGF file was created

DESL
Specify a detailed description of the source of a NMGF file

DESS
Specify a one-line description of the source of a NMGF file

PERS
Specify the person who created the NMGF file

PROG
Specify the computer program used to create the NMGF file

SORC
See discussion in the remarks above

TIME
Specify the time this NMGF file was created

WARN
Specify any potential problems that were noted when this NMGF file was created

SUBG
Define a Nested Subgrid of Data Points     


Purpose

Define the size, location, parent grid, and data point values of a nested subgrid

Parameters

NAME, PARENT, Iparent, Jparent, NI, NJ, Vk 

Name
Type
Description

NAME
String
Unique identifying name for this subgrid

PARENT
String
Name of a previously-defined parent grid

Iparent
Integer
I index of the grid point in the parent grid that serves as the subgrid's [1, 1] grid point

Jparent
Integer
J index of the grid point in the parent grid that serves as the subgrid's [1, 1] grid point

NI
Integer
Number of subgrid points in the i-axis direction

NJ
Integer
Number of subgrid points in the j-axis direction

Vk
Float
Data value for subgrid point k

Remarks

A nested grid has twice the resolution (i.e., one-half the grid spacing) of its parent grid, and covers a subset of the area of the parent.  A nested subgrid is created by taking a rectangular area of the parent grid, and adding new grid points exactly half-way between existing parent grid points, so that a new rectangular grid is formed with twice the resolution.  

The relationship between a parent grid and a subgrid is illustrated in the following figure.




NAME is a unique name that is different from all other grid names given in other GRID and SUBG sections.

PARENT is used to identify a nested subgrid's parent grid.  It must match the NAME parameter of a previously defined grid or subgrid introduced by a previous GRID or SUBG section.

Vk is the value for the k'th subgrid point.  The value is interpreted to be in the metric defined by the previous MTRC section.  

Note that some of the subgrid points also appear in the parent grid.  For example, subgrid point [1, 1] is the same as parent grid point [Iparent, Jparent].  To conserve space, those points that appear in the parent's grid are not repeated in the subgrid's SUBG section.

The following code fragment illustrates how to read the values from a SUBG section.  In this example, the subgrid array SG [i, j] is to be filled with the appropriate values.  It is assumed that another array, PG [i, j], has already been filled with the parent grid's values.  It is also assumed that the function "GetNextValue" retrieves the next noise level value from the NMGF file, "Odd (X)" returns true if its argument is an odd number, and "/" is truncating integer division.

   For i := 1 to NI do
      For j := 1 to NJ do
          If Odd (i) and Odd (j)
             Then SG [i,j] := PG [Iparent + (i-1)/2,
                                  Jparent + (j-1)/2]
             Else SG [i,j] := GetNextValue;

The number of grid points can be calculated using the formula (3*NI*NJ - NI - NJ - 1)/4.

The following conditions always hold, and are byproducts of the way in which nested subgrids are defined:

   - NI and NJ must always be odd numbers.

   - A subgrid will always have the same grid rotation as its parent.

Restrictions

NI ( 3, NJ ( 3

Both NI and NJ must be odd numbers.

NI, NJ, Iparent, and Jparent must be defined such that the subgrid does not extend beyond the edges of the parent grid.

The parent grid must appear before the SUBG section in the NMGF file.

NAME must be different from the names of all other grids and subgrids that appear in the NMGF file.

Comments

The SUBG section could have been designed so that it always appeared as a subsection of its parent grid.  This would allow us to dispense with the NAME and PARENT parameters.  However, in cases where a primary grid had many deeply nested subgrids, the parent GRID section could become very large, since it would contain all of the SUBG sections.  This could make it difficult to calculate the section length when writing GRID sections to a NMGF file.

See also

DPAL, GRID, GTSH, MTRC

TIME
Specify a Time     


Purpose

Specify a time

Parameters

HOUR, MINUTE, SECOND

Name
Type
Description

HOUR
Integer
Hour, 0-23, 24-hour clock

MINUTE
Integer
Minute, 0-59

SECOND
Integer
Second, 0-59

Restrictions

0 ( HOUR ( 23

0 ( MINUTE ( 59

0 ( SECOND ( 59

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

SORC
Specify the time a NMGF file was created

See also

DATE

TITL
Specify NMGF File Version     


Purpose

Mark the beginning of a NMGF file, and specify the NMGF version number

Parameters

GRID, VERS, Vmajor, Vminor

Name
Type
Description

GRID
Literal
The  literal text "Grid"

VERS
Literal
The literal text "Vers"

Vmajor
Integer
Major version number of this file's NMGF version

Vminor
Integer
Minor version number of this file's NMGF version

Remarks

The Vmajor value is incremented when major changes are made to the NMGF format standard.  The Vminor value is incremented when relatively minor changes are made.  A program that is compatible with a Vmajor version of the NMGF standard should be able to process any NMGF file with that Vmajor number, regardless of the Vminor value.

If the Vmajor value changes, then some of the section definitions have changed.  If the file contains any of these sections, then it will need to be modified to make it compatible with the latest version of the NMGF standard.

To test whether a particular file is in the NMAGF ASCII subtype format, check the first five non-whitespace character of the file.  They will be "{TITL" in all NMAGF files.

To test whether a particular file is in the NMBGF binary subtype format, check the first four characters of the file.  They will be "TITL" in all NMBGF files.  

As a further check, the GRID and VERS parameters can be checked to insure that they match "Grid" and "Vers", respectively.

Restrictions

TITL must always be the first section in a NMGF file, and it must always be present.

Vmajor and Vminor must both be non-negative.

The TITL section cannot have any child subsections.

UTMC
Use UTM Coordinate System     


Purpose

Define a Universal Transverse Mecator (UTM) coordinate system for specifying geographic coordinates

Parameters

ZONE, FE, FN

Name
Type
Description

ZONE
Integer
UTM zone number (1 through 60)

FE
Float
False easting, in meters

FN
Float
False northing, in meters

Remarks

This section specifies that all data items of type Coordinate should be interpreted as Universal Transverse Mecator (UTM) coordinates.  UTM coordinates specify locations in meters east and north of a reference point.

ZONE is the UTM zone number.  This is an integer between 1 and 60 that indicates the rough section of the earth where the area of interest lies.  Zone 1 refers to the area bounded by longitudes 180( and 174( west, zone 2 refers to the area bounded by longitude 174( to 168( west, etc.

FE and FN are the false easting and false northing, respectively.  Both are specified in meters.  Typically, the false easting will be 500,000 m.  The false northing is typically 0 m in the northern hemisphere, and 10,000,000 m in the southern hemisphere.

Restrictions

1 <= ZONE <= 60

A NMGF file can contain only one UTMC section.  This section must appear before the first data item of type Coordinate in the NMGF file.

A NMGF file cannot can both UTMC and CART sections.

Default value

The default coordinate system is degrees of longitude and latitude.

WARN
Indicate Possible Data Problem     

 


Purpose

Indicate a possible problem with the data in a NMGF file

Parameters

MESSAGE

Name
Type
Description

MESSAGE
String
Warning message text

Remarks

Warnings indicate a potential problem with the data in a NMGF file.  A utility can search a NMGF file and display all warnings,  allowing a user to judge the severity of the warning messages.

A WARN section can appear anywhere in a NMGF file: either as a primary section, or as a subsection of any other section.

Possible Parent Sections

Any other section

ZCRD
Specify Altitude or Height    


Purpose

Specify the Z-coordinate of an object or location: either the height above ground level, or the altitude above mean sea level

Parameters

Z, UNIT

Name
Type
Description

Z
Float
The height or altitude

UNIT
Literal
The units of Z.  Can be(   

"FAGL"
for feet above ground level,

"MAGL"
for meters above ground level,

"FMSL"
for feet above mean sea level, or

"MMSL"
for meters above mean sea level

Restrictions

This section cannot be used as a primary section in a NMGF file.  It can only be used as a subsection.

Possible Parent Sections

Section
Use

AREM
ARES
LINC
LINM
LINS
PNTM
PNTS
The ZCRD subsection can be used to specify the altitude of a geographic feature.  If the feature consists of multiple points, the altitude specified by the ZCRD subsection is the average altitude.

Appendix A 
Requirements for All NMGF Files

All NMGF files must meet the following requirements:

· A NMGF file must begin with a TITL section, and end with an ENDF section.

· Each of the following sections may not appear more than once in a NMGF file: CART, DAPY, ENDF, GTSH, MTRC, TITL, UTMC.

· If a CART or UTMC section is used, it must appear before the first data item of type Coordinate in a NMGF file.

· A NMGF file cannot contain both CART and UTMC sections.

· If DAPY, GTSH, and/or MTRC section(s) are used, they must appear before the first data point is encountered: i.e., before the first DPAL, GRID, or SUBG section.

· The NMGF section defining a subgrid's parent grid must appear before the SUBG section in a NMGF file.

Appendix B 
Default Values for NMGF Parameters

When a NMGF file is first opened for reading, the following defaults apply:

· The default geographical coordinate system is degrees of longitude and latitude.  This may be changed to a Cartesian system with the CART section, or to UTM with the UTMC section.

· The default defined area polygon is the convex hull surrounding all data points.  This may be changed with the DAPY section.

· By default, there are no minimum and maximum data point value thresholds: all data point values are considered legal and valid.  This may be changed with the GTSH section.

Appendix C 
Encoding Special Characters in Strings in NMAGF ASCII Subtype Files

Strings are stored in NMAGF ASCII subtype files as a sequence of zero or more characters, delimited by double quote characters " (ASCII code 34).  Inside the string, all characters are considered literals except for the double quote character " (ASCII code 34) and the curly bracket characters { and } (ASCII codes 123 and 125).  

In particular, linefeed and carriage returns characters can appear inside strings.  Thus, the following string is legal:

"I am a string
that contains linefeed characters, 
and therefore spans multiple lines."

To encode a literal double-quote in the string, use the 3-character sequence {"}.  To encode literal opening and closing curly quotes, use the 3-character sequences {{} and {}}, respectively.  For example, the following string consists of a double quote, a opening curly brace, and a closing curly brace, separated by blanks:

"{"} {{} {}}"

While control characters such as linefeeds and carriage returns can appear literally in strings, doing so can make the grid file difficult for a human to read.  Therefore, an alternate method of encoding control characters is provided.  Linefeed and carriage return characters can be encoded by the three-character sequences {n} and {r}, respectively.  Also, any character may be encoded by the 4-character sequence {##}, where # represents a hexadecimal (base 16) digit and must be one of the characters '0' through '9', 'a' through 'f', or 'A' through 'F'.  The two hex digits are interpreted as a 2-digit hexadecimal number, and the character denoted has an ASCII code equal to this number.  For example, the following string consist of two linefeed characters, followed by two carriage return characters, followed by an escape character.

"{n}{0A}{r}{0D}{1B}"

Appendix D 
Details of Integer and Floating-Point Representations in NMBGF Binary Subtype Files

Since the NMBGF binary subtype is targeted toward IBM-PC environments, standard  IEEE 754-1985 Little-Endian representations for all integer and floating point values is assumed.  This is the standard utilized by the Intel 80x87 math coprocessor, and by virtually all compilers that target the IBM-PC.  Most developers working on an IBM-PC can therefore ignore this section of the document if their software is capable of utilizing a math coprocessor.  However, if a NMBGF file is to be created on another machine, some bit-level manipulation of the binary values may be required.  If portability between machines is a concern, consider using the NMAGF ASCII subtype, which is text-based and therefore more easily ported.

Integer
An integer is stored as a 4-byte, two's-complement, Little-Endian value.



Single
A single precision float is stored as a 4-byte, IEEE 754-Single-Precision, Little-Endian value.  It has 7 to 8 significant digits, and a range of 1.5(10-45 to 3.4(1038.
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The value v of the number is determined by the following:

if 0 < e < 255, then v = (-1)s * 2(e-127) * (1.f)

if e = 0 and f <> 0, then v = (-1)s * 2(-126) * (0.f)

if e = 0 and f = 0, then v = (-1)s * 0.0



Appendix E 
NMGF File Format Version History

Version
Date
Changes

1.0
3/21/94
Format initially defined

1.1
3/1/95
DAPY section added

2.0
8/8/96
Support for subsections added.  Extensive modifications made to make standard more flexible and less specific to the field of airport noise modeling.

2.1
2/12/97
BKMP section added.

2.2
6/13/97
DPAL section added.

New restriction added: DAPY, GTSH, and MTRC sections, if used, must appear before the first data point.

2.21
1/27/98
Changed standard geographic feature category "Specific Point" to "Point of Interest".

2.3
9/19/98
Added documentation for the NMAGF ASCII subtype.  Previously, only the NMBGF binary subtype was documented.

2.4
3/23/00
HEAD section added.

2.5
5/14/02
UTMC section added

Appendix F 
Contact for Questions and Comments

Questions and comments should be directed to:

Fred Wasmer
Wasmer Consulting
wasmer@wasmerconsulting.com
http://wasmerconsulting.com

Appendix G 
Standard Geographic Feature Categories

Several NMGF sections (AREM, ARES, BKMP, LINC, LINM, LINS, PNTM, PNTS) are available to define geographic features and background maps.   Each of these sections has a CATEGORY parameter.  This parameter, of type string, is used to group related geographic features into broad categories.  Programs can manipulate the features according to these groups.  For example, suppose that several points are specified with the category of "School".  A plotting application could be told to plot all schools points using the color red, freeing the user from the drudgery of specifying a color for each point.

A list of recommended category names is presented in this appendix.  Any arbitrary text may be used as a category name, and new categories can be created as needed.  However, it is recommended that the standard category names be used when possible.

Name
Feature Type
Description

"Point of Interest"
Point, Map
A point where a detailed computation or measurement of a physical metric is performed

"Navigational Aid"
Point, Map
An aircraft navigational beacon

"House"
Point, Map
Residence

"Church"
Point, Map
Church

"School"
Point, Map
School

"Hospital"
Point, Map
Hospital

"Building"
Point, Map
Any other building

"VTOL Pad"
Point, Map
Vertical takeoff and landing pad, helipad

"Static Pad"
Point, Map
Location where an aircraft's engines are tested on the ground.  Commonly used by airport noise models

"Primary Road"
Line, Map
Major roads: freeways, divided highways, etc.

"Secondary Road"
Line, Map
Any other paved road

"Other Road"
Line, Map
Any other unpaved road

"Railroad"
Line, Map
Railroad track

"Flight Track"
Line, Map
Ground-level projection of a path taken by an aircraft.  Commonly used by airport noise models

"Runway"
Line, Map
Airport runway

"Water"
Line, Area, Map
Bodies of water: streams, rivers, lakes, ocean, etc.

"Site Boundary"
Area, Map
The boundary of a site or facility of interest: for example, the airport boundary in an airport noise analysis

"Mix"
Map
A mix of geographic categories: for example, a background map consisting of an aerial photograph that shows roads, rivers, buildings, etc.

Appendix H
The NMGF File Output Library

A library of C routines is available to aid in the writing of NMGF files.  This library is part of the NMGF documentation package which may be obtained on the world wide web at http://.wasmerconsulting.com/nmgf.htm.

NMAGF ASCII subtype files are text files, and are relatively easy to create, either by hand using a text editor, or else with a computer program that uses only the write or print command found in most programming languages.  Therefore, it is expected that this library will be of the greatest use to those who are creating NMBGF binary subtype files.  However, this library is capable of writing both subtypes. 

The library consists of the following files:

File Name
Description

nmbgfiol.cpp
nmbgfiol.h
Implementation of the ANSI C library for writing NMBGF and NMAGF files.

nmbgfioc.cpp
nmbgfioc.h
Implementation of a C++ class wrapper for the ANSI C library.

sample.c
Sample ANSI C program that demonstrates the use of the ANSI C version of the NMGF I/O Library.  It writes both a NMBGF binary subtype grid file and a NMAGF ASCII subtype grid file.

asample.grd
bsample.grd
The NMAGF ASCII Subtype and NMBGF Binary Subtype grid files created when the sample.c program is compiled and executed.

samplecp.cpp
Sample C++ program that demonstrates the use of the C++ version of the NMGF I/O Library.  It writes both a NMBGF binary subtype grid file and a NMAGF ASCII subtype grid file.

apsample.grd
bpsample.grd
The NMAGF ASCII Subtype and NMBGF Binary Subtype grid files created when the samplecp.cpp program is compiled and executed.

See the files sample.c and samplecp.cpp for examples of the use of the library.

Appendix I
Quick Start Guide to Writing an NMGF File

This document describes the NMGF format in detail, and this detail can be somewhat intimidating.  This appendix is aimed at a very specific target audience: those who have data that they wish to convert into the NMGF format as quickly and easily as possible.  It is organized as a series of questions and answers.

What is the bare minimum I have to do to create an NMGF file?

Create a text file with the following text, replacing the sample data points with your own.

{TITL Grid Vers 2 3}

{DPAL 5

    (-90.02, 45.00) 50.0

    (-90.02, 45.02) 50.0

    (-90.00, 45.02) 50.0

    (-90.00, 45.00) 50.0

    (-90.01, 45.01) 60.0

}

{ENDF}

The first and last lines are boilerplate text that denotes the top and bottom of the grid file.  They must appear exactly as shown.  

The middle seven lines specify the actual data.  The line...

{DPAL 5

...specifies that 5 Data Points with Arbitrary Locations (DPAL) follow.  Each data point is specified by a location (the numbers in parentheses) and a data value at that location (the numbers after the parentheses).  The locations are in decimal degrees of east longitude and north latitude: therefore, the point (-90.02, 45.00) is at longitude 90.02 degrees west, latitude 45.00 degrees north.  The data values are in whatever metric your data is in - in this example, we will assume that the data are measured air temperatures in degrees F.

Do I Have To Use Longitude and Latitude to Specify My Data Point Locations?

No, you can use Cartesian coordinates to specify locations.  Add the following line just after the line that begins with TITL.

{CART -90.0 45.0 0 0 METR 0}

This specifies that all locations will be specified in meters east and north from longitude 90 west, latitude 45 north.  If you want to use feet, replace METR with FEET.  

Here is an example file that uses Cartesian coordinates.

{TITL Grid Vers 2 3}

{CART -90.0 45.0 0 0 METR 0}

{DPAL 5   

    (  0,   0) 50.0

    (  0, 100) 50.0

    (100, 100) 50.0

    (100,   0) 50.0

    ( 50,  50) 60.0

}

{ENDF}


How Do I Specify The Physical Units of the Data Points?

Add the following line just before your data points.

{MTRC "Measured air temperature" "F"}

The first quoted text string describes what is being measured.  The second specifies the physical units.  

Here is an example file that uses the MTRC section.

{TITL Grid Vers 2 3}

{CART -90.0 45.0 0 0 METR 0}

{MTRC "Measured air temperature" "F"}

{DPAL 5   

    (  0,   0) 50.0

    (  0, 100) 50.0

    (100, 100) 50.0

    (100,   0) 50.0

    ( 50,  50) 60.0

}

{ENDF}


Can I Add More Detailed Notes About My Data?

Yes.  Add the following lines just after line that begins with TITL.

{SORC "Measured"

    {DESS "Measured air temperature at 1 meter above ground level"}

    {DESL "Measurements made using a ACME model X34 thermocouple"}

}

The quoted  text after SORC specifies the broad category of the data's origin.  It can be any text, but it is suggested that "Measured" be used for measured data, and "Model" be used for the output of numerical models.  

The quoted text after DESS is a short description of the data in the file.  If possible, it should be kept under 60 characters in length.  This text should be appropriate for use as, for example, the title on a contour plot of the data.

The quoted text after DESL is a long, detailed description of the data in the file and any notes you wish to record.  It can be as long as necessary, and can contain line breaks if desired.

Here is the modified example file.

{TITL Grid Vers 2 3}

{SORC "Measured"

    {DESS "Measured air temperature at 1 meter above ground level"}

    {DESL "Measurements made using a ACME model X34 thermocouple"}

}

{CART -90.0 45.0 0 0 METR 0}

{MTRC "Measured air temperature" "F"}

{DPAL 5   

    (  0,   0) 50.0

    (  0, 100) 50.0

    (100, 100) 50.0

    (100,   0) 50.0

    ( 50,  50) 60.0

}

{ENDF}


Is That All There Is To The NMGF Format?

No, that is only the basics.  The NMGF standard defines many more powerful options which you can use to describe and annotate your data.  For example, you can specify data on a rectangular grid, freeing you from having to specify the location of each data point.  To learn more, visit the NMGF home page at http://wasmerconsulting.com/nmgf.htm.   
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