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1. Scope

1.1 Identification

This document is the Software Test Plan and Test Report for the Geographic Translator (GEOTRANS) Version 2.4.2 application.  

1.2 System Overview

GEOTRANS (Geographic Translator) is an application program that allows users to easily convert geographic coordinates among a wide variety of coordinate systems, map projections, and datums.  GEOTRANS runs in Microsoft Windows (2000/NT/XP) and RedHat LINUX 9, SUSE LINUX 9.3 and UNIX Motif environments.

The user interface of GEOTRANS is similar to that of a calculator or simple spreadsheet.  To convert a set of coordinates, simply select the coordinate system or map projection, and the datum, in which the source coordinates are defined, enter the source coordinates, select the coordinate system or map projection, and the datum, to which the coordinates are to be converted, and click on the Convert button.  The resulting coordinates will be displayed.  Any of the coordinate system, map projection, or datum selections can be changed at any time.  GEOTRANS Version 2.3 supports thirty-five different coordinate systems and map projections, and over two hundred different datums.

1.3 Document Overview

The remainder of this document is organized as follows:

· Section 2 identifies the documents referenced by this Software Test Plan,

· Section 3 describes the hardware and software aspects of the test environment, and

· Section 4 describes the formal test cases and their results.

2. Referenced Documents

2.1 Government Documents

The following Government documents were used in the development of this Software Test Plan:

1. NGA TM 8358.1, Datums, Ellipsoids, Grids, and Grid Reference Systems, 1990.

2. NGA TM 8358.2, The Universal Grids: Universal Transverse Mercator (UTM) and Universal Polar Stereographic (UPS), 1989.

3. MIL-STD-2401, Department of Defense World Geodetic System (WGS), 1994.

4. STANAG 2211, Geodetic Datums, ellipsoids, grids and grid references, Fifth Edition, 1991.

5. TEC-SR-7, Handbook for Transformation of Datums, Projections, Grids and Common Coordinate Systems, 1996.

6. NGA, Department of Defense Glossary of Mapping, Charting, and Geodetic Terms, Fourth Edition, 1981.

7. Federal Geographic Data Committee (FGDC), FGDC-STD-011-2001, United States National Grid, December 2001

8. http://earth-info.nga.mil/GandG/coordsys/grids/gars.html, Global Area Reference System (GARS)
2.2 Contractor Documents

The following documents describe coordinate systems, map projections, coordinate conversion, and datum transformation:

1. Rapp, Richard H., Geometric Geodesy - Part I; Department of Geodetic Science and Surveying, The Ohio State University, Columbus, Ohio. 1984.

2. Rapp, Richard H., Geometric Geodesy - Part II; Department of Geodetic Science and Surveying, The Ohio State University, Columbus, Ohio. 1987.

3. Snyder, J. P., Geological Survey Professional Paper 1395 Map Projections - A Working Manual, 1987.

The following documents describe other aspects of the GEOTRANS application:

· U.S. Army Corps of Engineers, Topographic Engineering Center, User’s Guide for Geographic Translator (GEOTRANS) Version 2.4, August 2006.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Programmer’s Guide for Geographic Translator (GEOTRANS) Version 2.4, August 2006.

The following documents describe the Reusable Software Components (RSCs) which are used by the GEOTRANS application:

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for GEOTRANS Engine Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for ALBERS EQUAL AREA CONIC Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for BONNE Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for BRITISH NATIONAL GRID Implementation, September 2000.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for CASSINI Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for CYLINDRICAL EQUAL AREA Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for DATUM Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for ECKERT IV Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for ECKERT VI Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for ELLIPSOID Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for EQUIDISTANT CYLINDRICAL Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for GARS Implementation, August 2006.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for GEOCENTRIC Implementation, April 1997.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for GEOID Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for GEOREF Implementation, April 1997.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for LAMBERT CONFORMAL CONIC Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for LOCAL CARTESIAN Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for MERCATOR Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for MGRS Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for MILLER CYLINDRICAL Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for MOLLWEIDE Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for NEW ZEALAND MAP GRID Implementation, September 2000.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for NEY’S (MODIFIED LAMBERT CONFORMAL CONIC) Implementation, September 2000.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for ORTHOGRAPHIC Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for POLAR STEREOGRAPHIC Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for POLYCONIC Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for SINUSOIDAL Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for STEREOGRAPHIC Implementation, September 2000.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for TRANSVERSE CYLINDRICAL EQUAL AREA Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for TRANSVERSE MERCATOR Implementation, September 1999.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for UPS Implementation, April 1997.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for USNG Implementation, August 2006.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for UTM Implementation, April 1997.

· U.S. Army Corps of Engineers, Topographic Engineering Center, Reuse Manual for VAN DER GRINTEN Implementation, September 1999.

· United States National Grid (USNG), FGDC, December 2001, Reston, Virginia.

3. Software Test Environment

3.1 Hardware Items

The following is a list of hardware configurations under which GEOTRANS was tested:

· SUN SparcStation 20, and

· IBM-compatible Pentium PC.

3.21 Software Items

The following is a list of operating systems under which GEOTRANS was tested:

· SUN Solaris 2.7, and

· Microsoft Windows XP

· RedHat 9

· SUSE LINUX 9.3.

The following is a list of the C compilers on which GEOTRANS was compiled for testing:

· GCC version 2.95.2, and 

· Microsoft Visual C++, version 6.

3.3 Proprietary Nature, and Government Rights

Unlimited Government Rights.

4. Formal Qualification Tests

4.1 General Test Requirements

Each formal qualification test shall meet the following general test requirements:

1. Nominal and erroneous input values will be used.

2. Error detection and recovery will be demonstrated.

4.2 Test Classes

The tests described in this section are organized into groups based on the aspects of the functionality of the GEOTRANS application that they address.  This hierarchical organization is as follows:

· Datum Transformation Tests, which exercise the Datum module, and are organized by source/target coordinate system and datum transformation method,

· Coordinate Conversion Tests, which exercise the individual coordinate conversion modules, and are organized by coordinate system or map projection, and

· Combination Tests, which combine multiple datum transformations and coordinate conversion operations.

Within each of the low-level groupings described above, several different classes of test cases are defined.  These are:

· Accuracy Tests, which evaluate the basic capability of GEOTRANS to produce correct results for each type of coordinate conversion and datum transformation operation, using typical input values,

· Range Tests, which evaluate the capability of GEOTRANS to produce correct results throughout the entire range of valid inputs, including boundary and special cases,

· Reversibility Tests, which evaluate to what degree the coordinate conversions and datum transformations implemented by GEOTRANS are reversible, by using the output coordinates as inputs and reversing the input and output coordinate system and datum selections, and

· Error Condition Tests, which evaluate the capability of GEOTRANS to detect error conditions and to report them appropriately.

4.3 Test Levels

All tests are performed at the application level, but also apply specifically to the GEOTRANS Engine component, which performs all relevant calculations with the exception of conversion between character string and binary representations of inputs and outputs, including rounding.

4.4 Test Cases and Results

This section defines each of the test cases and records the results.  All of the test cases were provided by NGA, in the form of two MS Excel spreadsheet files:  convrtst.xls and datumtst.xls.  Each of these spreadsheets consists of multiple sheets containing different sets of test cases.  Testing was performed by interactively using the GEOTRANS Version 2 application to input the datum, coordinate system/map projection, coordinate system/map projection parameters, if any, and input coordinates.  The resulting output coordinates were recorded in columns added to each sheet, adjacent to the expected results.  Any actual results that did not match the expected results were highlighted in red.  These spreadsheet files are provided as attachments to this document.

The subsections below describe the test cases contained on each page, and summarize the results of the testing.

4.4.1 Geodetic-Geocentric Conversions

This sheet, contained in the convertst.xls spreadsheet, contains more than 2500 individual test cases that test conversion between geodetic and geocentric coordinates, in both directions, using a variety of different ellipsoids.

The actual output matched the expected output, with differences of no more than 1 meter, for all of these test cases.

4.4.2 Error checks

This sheet, contained in the convertst.xls spreadsheet, contains 78 individual test cases that test the detection and reporting of various error conditions.

There are eight test cases (rows 71 through 74, and rows 76 through 79), which are no longer valid, due to the re-implementation of the Lambert Conformal Conic projection in GEOTRANS.  These eight cases now all produce valid results.

The actual output matched the expected output for all of the valid test cases.  In a few cases involving invalid latitude or longitude values as inputs (e.g. latitudes greater than 90 degrees), the Motif and Windows versions of GEOTRANS output the expected error message.  Some GEOREF error messages have been made more specific in GEOTRANS, specifying the part of the input GEOREF string (e.g., longitude minutes value) where the error was detected.  In a few other cases, GEOTRANS uses slightly different error message wording.

4.4.3 Grids

This sheet, contained in the convertst.xls spreadsheet, contains 262 individual test cases that test conversions between geodetic and MGRS, UPS, UTM, and GEOREF coordinates, in both directions, using a variety of different ellipsoids.

The actual output matched the expected output, with differences of no more than 1 meter, for all of these test cases.

4.4.4 Conversion Combinations

This sheet, contained in the convertst.xls spreadsheet, contains 176 individual test cases that test conversions between various map projections and MGRS, UPS, UTM, and GEOREF coordinates, in both directions, using a variety of different ellipsoids.  Forty-two of these test cases do not apply to GEOTRANS Version 2.3, as they involve map projections that GEOTRANS Version 2.3 does not support.

The actual output matched the expected output, with differences of no more than 1 meter, for all but 24 of these test cases.  Sixteen of these involve inverse projections, followed by conversion to MGRS coordinates.  The inverse projections cause the geodetic coordinates to land either on the wrong side of a UTM zone boundary, on the wrong side of a MGRS zone letter boundary, on the wrong side of a 100,000m square boundary, or, for cases near the poles, are simply off by a few meters.

Four of the remaining cases involve conversions from projections to either UPS or UTM.  One (case 41) involves a difference in the UTM northing of only 3m, but the other three cases (42, 50, and 57 involve large differences in both easting and northings.

The final four cases involve conversion from one projection to another.  In two of these cases (104 and 124) the actual northing differs from the expected northing by approximately 4 meters.  In the other two cases (97 and 117), which both involve conversions from Lambert Conformal Conic to Albers Equal Area Conic, the eastings differ from the expected values by approximately 6 kilometers, while the northings differ by more than 1.5 million meters.

These cases will be investigated in more detail to determine the source of the differences.

4.4.5 Cartesian Combinations

This sheet, contained in the convertst.xls spreadsheet, contains 20 individual test cases that test conversions from geocentric coordinates to various map projections and grids, using a variety of different ellipsoids.  Some of the test cases also include datum transformations. 

The actual output matched the expected output, with differences of no more than 1 meter, for all of these test cases.

4.4.6 Projections

This sheet, contained in the convertst.xls spreadsheet, contains 558 individual test cases that test conversions between geodetic coordinates and various map projections, using a variety of different ellipsoids.  One hundred and thirty (130) of these test cases do not apply to GEOTRANS Version 2.3, since they involve map projections that GEOTRANS Version 2.3 does not support. 

The actual output matched the expected output, with differences of no more than 1 meter, for all but 7 of these test cases.  Four of these (cases 511 through 514), forming two forward-inverse pairs, involve the Mollweide projection and locations at the poles.  In the forward cases, the eastings differ from the expected values by 1-2m, while the northings match the expected values.  In the inverse cases, the longitude values differ slightly from the expected values, while the latitudes match the expected values.  The GEOTRANS conversions are consistent in both directions.

The remaining three cases involve the Transverse Cylindrical Equal Area projection.  Two of these (cases 547 and 548) form a forward-inverse pair.  The actual results for the forward case differ from the expected results by more than 10 kilometers.  The actual results for the inverse case differ from the expected results by more than 0.1 degree of latitude, and more than 0.06 degrees of longitude.  It is not clear why this difference exists.  All other Transverse Cylindrical Equal Area test cases match the expected results.  In the final case (case 558), for the inverse projection, at a location at the south pole, the expected longitude value is greater than 180 degrees, and GEOTRANS returns the equivalent negative longitude value.

4.4.7 Combined Horizontal-Vertical Transforms

This sheet, contained in the datumtst.xls spreadsheet, contains 260 individual test cases that test datum transformations from WGS84 to a variety of local datums using geodetic coordinates.  These test cases specify expected MSL heights as well as expected ellipsoidal heights.

The actual output matched the expected output, with differences of no more than 1 meter, for all but 3 of these test cases.  In two of these cases, the discrepancies appear to be the result of typographical errors in either the input coordinates (row 56) or the expected output coordinates (row 184).  The third case involves a difference in ellipsoidal of nearly 4 meters.  However, when converted to MSL height, this difference disappears.

4.4.8 Local Horizontal Datum Transforms in Decimal Degrees

This sheet, contained in the datumtst.xls spreadsheet, contains 20 individual test cases that test datum transformations between various local datums using geodetic coordinates in decimal degrees.

The actual output matched the expected output, with differences of no more than 0.00001 degree for all of these test cases.

4.4.9  Horizontal Datum Transforms in 360 Degree Format

This sheet, contained in the datumtst.xls spreadsheet, contains 20 individual test cases that test datum transformations from various datums to WGS84, using geodetic coordinates in decimal degrees.

The actual output matched the expected output, with differences of no more than 0.00001 degree for all of these test cases.

4.4.10  Horizontal Datum Transforms in DMS Format

This sheet, contained in the datumtst.xls spreadsheet, contains 20 individual test cases that test datum transformations from various datums to WGS84, using geodetic coordinates in degrees, minutes, seconds format.

The actual output matched the expected output, with differences of no more than 0.03 seconds for all of these test cases.

4.4.11  Horizontal Datum Transforms in Decimal Degrees

This sheet, contained in the datumtst.xls spreadsheet, contains 20 individual test cases that test datum transformations from various datums to WGS84, using geodetic coordinates in decimal degrees.

The actual output matched the expected output, with differences of no more than 0.00001 degrees for all of these test cases.
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