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Introduction

GEOTRANS version 2.3 includes an important new feature, vertical datum transformations. It pro-
vides the capability to transform height coordinates between the ellipsoid, the EGM96 15'x15" geoid
with bi-linear interpolation, the EGM96 variable resolution geoid with natural spline interpolation,
and the EGM84 10°x10° geoid with bi-linear or natural spline interpolation. This paper describes the
discovery and isolation of errors in the implementation of the EGM96 variable resolution geoid in
GEOTRANS version 2.3.

Visual Analysis of Variable Resolution Geoid

My discovery of the subject error arose from an effort to quantify the differences between the geoid
implementations in early GPS receivers and the new Defense Advanced GPS Receiver (DAGR). The
EGMO96 variable resolution geoid was derived from the EGM96 15'x15' geoid by the developers of the
DAGR. It was designed as a compromise between mass storage requirements and the full resolution
of the EGM96 geoid.

I began my analysis by generating a global 5'x5' grid of latitude, longitude, and height. I used the
Surfer 8 software to create a file with all the heights set to zero. I added a GEOTRANS header to this
file that identified the heights as zero elevation with respect to the EGM96 variable resolution geoid
(MSL-EGM96-VG-NS HEIGHTS). I ran GEOTRANS to transform these heights to heights above the
ellipsoid (HAE). The result was a 5'x5' grid of geoid heights for the EGM96 variable resolution geoid.
I generated a 3-D surface graphic of this file in Surfer 8 (Figure 5).

It is readily apparent to anyone familiar with these types of graphics that the results were a little un-
usual. The horizontal and vertical hatched pattern should not be present. This prompted me to inves-
tigate the source code to confirm that the computations were being performed correctly.

Source Code Review

The GEOTRANS module responsible for computing these various geoid height values is called geoid.
I first confirmed that the 30, 1°, and 2° areas were correctly identified in the code. I also found that
the calculation of the natural spline interpolation also appeared to be coded correctly. Finally, I re-
viewed the section of code that selects the geoid height values to use in the interpolation. This is a
tricky process because the full 15'x15" EGM96 geoid is stored in the array and the indexing routine
has to sample this array correctly to exact the 30', 1°, or 2° spacing for interpolation. This is where I
isolated some problems.

The geoid height array is arranged so that the first row is the north pole, the second row is at 89° 45'
N, etc. The columns start at the Greenwich meridian, longitude zero, and increment every 15' toward
the east. See Figure 1.



= p00° 00" E
D00 30" E
L 000" 45" E

004° 00" E
m 0017 15" E
= 0017 30" E
~ D017 45" E
= 002° 00" E
= 002°30°E

002° 45" E
% 003°15°E
= 003°30°E

0047 00" E

90°00° H

89°45°H 141 1442 1443 1444 1435 1446 1347 1448 1 1450 1451 1452 1453 1454 1455 1456

& 003 00" E

&9 30° 22 2683 2684 2885 2886 2887 2388 2889 2890 2891 2892 2893 2884 2895 2896 2897

9= 15" 4323 4324 4325 4326 4327 43286 4329 4330 4301 4332 4333 4334 4305 4336 4337 4338

89°00'  57p4 6765 6766 6767 5758 6769 6770 6774 6772 6773 6774 6775 6776 6777 6774 5779

o4° 45 7205 7206 7207 F208 7209 7210 7211 v212 ¥203 7214 7215 7216 7207 7218 7219 7220

&8 30°

Figure 1. Indexing of 15' Grid Array

Selecting the northwest interpolation point of the 30'x30', 1°x1°, or 2°x2° cell involves computing the
number of rows down from the North Pole and the number of columns east of Greenwich. This calcu-
lation appears to be correct in all cases. The index for the northeast corner is the index for the north-
west corner plus the appropriate increment; one to interpolate from 15' grid, two to interpolate from
the 30" grid, four to interpolate from the 1° grid, and eight to interpolate from the 2° grid. To obtain
the indices for the southern corners, you need to move down the appropriate number of rows. The
index must be incremented by the number of rows between the north and south edge multiplied by
the number of columns in each row. There are 1441 columns in each row of the 15' grid because the
column for longitude 0° is repeated for longitude 360°. Therefore you must add 1441 to the index of
the northwest or northeast corner index to obtain the southwest or southeast corner index, respec-
tively, when interpolating from the 15' grid. The increment is 2882 for the 30' grid, 5764 for the 1° grid,
and 11528 for the 2° grid.

Problem

The calculation of the geoid grid indices is incorrect in GEOTRANS 2.3 for the vertical datum MSL-
EGM96-VG-NS. In all cases, the indices for the southern grid points were computing by adding only
one row, i.e., 1441 to the northern indices. The indices for the eastern points were computed correctly
with respect to the indices for the western points in the 30' and 2° cases. In the 1° case, they were only
incremented by two, i.e., only 30’ east instead of 1°. All of this is illustrated more clearly in the figures
that follow.



Figure 2. GEOTRANS 2.3 30-minute Interpolation
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Figure 3. GEOTRANS 2.3 1-degree Interpolation
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Figure 4. GEOTRANS 2.3 2-degree Interpolation

Points falling inside the pink areas are interpolated from the geoid heights grid points shown as red
circles as though they were located at the grid points shown as blue squares. The geoid heights at the
blue square locations should have been used. The amount of interpolation error created by this cod-
ing mistake is a function of the difference between the geoid heights used (red circles) and the correct
values (blue squares). When the code is corrected, I will compute a new variable resolution grid and
determine the errors.

Conclusions

GEOTRANS 2.3 should be corrected immediate so that the correct points will be used for interpola-
tion when the MSL-EGM96-VG-NS vertical datum is selected.



NGA should post a warning on the GEOTRANS download pages that this vertical datum should not
be used until a new version of GEOTRANS is posted. All registered users of GEOTRANS should be
sent an e-mail warning regarding this vertical datum.

Finally, NGA should do a better job of testing GEOTRANS, especially new features like the vertical
datum option, before posting it on the GEOTRANS download sites.
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Figure 5. EGM96 Variable Resolution Geoid from GEOTRANS v2.3



