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Abstract

Map projections are discussed in relation to the accuracy that the users need and their expectation.
The accuracy of the mapping formulas is discussed in relation to the complexity of the formulas versus the difficulty of using and performing the calculations.

Introduction

This question being serious matters need a historic remark on a project early in my employment on Geodetic Institute, Denmark. I had the task to reprogram a computer to perform double precision floating point vector operations (e.g. scalar product). The mantissa had 72 bit and the exponent 12 bit which today is quite unique. There I learned that the result of an operation could be either TRUE when all binary digits were correct else FALSE. The term accuracy had no meaning in this context. 

GIS is here used in a broad sense to cover true GIS applications and specialized survey applications.
Accuracy in definition of an ellipsoid
A well known text format (WKT) is many places used for describing a projection and an ellipsoid. Let us look on two definitions of an ellipsoid found in some .prj files:

1. SPHEROID["GRS_1980",6378137.0,298.257222101]
2. SPHEROID["Geodetic_Reference_System_of_1980",6378137, 298.2572221009113]]
Which one is correct? To me they should both describe the “Geodetic Reference System 1980” (GRS_1980)! I would claim that neither one of them is correct !!
The GRS_1980 is defined (taken from our maintenance function set_grs.c):

{E80, 1, "GRS80", 6378137.0, 108263e-8, KM, OMEGA,

    "\nHelmut Moritz: Geodetic reference System 1980.\

    \nBull. Geodesique. The Geodesist's Handbook 1988,\

    \nVolume 62, no. 3, 1988, page 348."}
In GRS80 it is the J2 parameter which defines the flattening of the ellipsoid. J2 is the second degree zonal gravitational coefficient. J2 may be converted to the inverse flattening as described in the same ref. or (1) giving:
              1/f = 298.25722210088276
Which is fairly close to case 2 above.
By the way WGS84 is defined by the parameter 
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  EQ related to J2: 
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 is the normalized second degree zonal gravitational coefficient. WGS84 is defined:
{E84, 1, "WGS84", 6378137.0, -484.16685e-6, KM, OMEGA,

 "\nDefinition of WGS84. Defence Mapping Agency, june 1985."},

Who are responsible of not using the correct defining parameters which may be converted by some few program lines to more convenient parameters? Why should the parameters be open for private insertion? The NAME of the ellipsoid itself tells the whole story.
I admit that this chapter may seem somewhat pedantic.

Accuracy of mappings given as cases

Three different applications are discussed. A geodetic application is shown to illustrate the ability of mapping the entire earth with relative good accuracy in the UTM mapping.
Case 1:

A cartographer wants to map a certain area in the scale 1:1.000.000. This user would be happy with an all over accuracy of the mapping formulas of about 100 meter (i.e. 0.1 mm in the mapping).
Case 2:

An engineer is in charge of a bridge building project. This user wants to have as accurate coordinates produced after the survey (where he of cause has limited funds to pay with). The user will print the maps in 1:1000 and is satisfied with an accuracy of the mapping formulas of about 0.1 mm. A subcontractor prefers to work in another mapping. The subcontractor gets a coordinate list from the GIS system providing the coordinates with an accuracy of 0.1 mm. Another sub-subcontractor prefers the original mapping and gets from the first subcontractors GIS system the transformed coordinate list. The question is now: Do the last coordinate list agree with the original one on the 0.1 mm level?
Case 3:

The skilled carthographer has of cause a reference program which uses the highly accurate mapping formulas. He knows that the GIS system uses more inaccurate formulas so he will never use the GIS systems for transformation of coordinates. The question is how he prevents other users to use the inaccurate GIS transformation system.
Test of some GIS mappings

A set of geographical coordinates in datum WGS84 around Greenland (fig. 1) is transformed to UTM zone 22 and zone 26 in the same datum WGS84 using three different GIS system. The test was carried out by experienced users of the specific GIS system.
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(Fig. 1) Distribution of test coordinates around Greenland
The first GIS system showed NO DIFFERENCE to the test coordinates. I suppose they are actually using the mapping method developed at the former Geodetic Institute, Denmark.

The second GIS system showed however some discrepancies. In figure 2 the differences in UTM zone 22 are shown and in figure 3 the differences in zone 26.

In zone 22 the biggest error is found in station 25:

Input:         25         81.50 dg                  -11.00 dg

Control      25         9 268 822.281 m    1 109 576.448 m


GIS no.2    25         9 268 822.600 m    1 109 578.800 m


Difference                             0.329 m                 2.352 m
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(Fig. 2) Differences in zone 22                        (Fig.3) Differences in zone 26

                                                                          Note the different scale of vectors

In zone 26 the biggest error is found in station 19:

Input:         19         77.50 dg                   -73.00 dg

Control      19         9 020 644.891 m     -503 985.429 m

GIS no.2    19         9 020 645.400 m     -504 001.500 m

Difference                             0.709 m               16.071 m

GIS system number 2 has obviously problems to give more than one decimal!
GIS system number 2 performs worse than GIS system number 1 but not too bad.
The third GIS system showed also some discrepancies. In figure 4 is shown the differences in UTM zone 22 and in figure 5 the differences in UTM zone 26.

In zone 22 the biggest error is found in station 25:

Input:         25         81.50 dg                  -11.00 dg

Control      25         9 268 822.281 m    1 109 576.448 m


GIS no.3    25         9 268 822.649 m    1 109 578.857 m


Difference                             0.328 m                 2.309 m

In zone 26 the biggest error is found in station 19:

Input:         19         77.50 dg                   -73.00 dg

Control      19         9 020 644.891 m     -503 985.429 m


GIS no.3    19         NO VALUE            NO VALUE

[image: image6.png]-[o) x|
[ Fle prnt Window Settngs Commands Data Test Daicboec el Setp

=l81x|

=l81x|

NISTERIET

500 km

Vector 1.0m

-60°
Um23_wgsB4:  7761831m  675185m

-40°

Vector 1.0m

-60° 40
um23_wgsB4:  7547482m  1034220m





(Fig. 4) Differences in zone 22                        (Fig.5) Differences in zone 26

In zone 26 the second biggest error is found in station 20:

Input:         20         80.00 dg                   -68.00 dg

Control      20         9 151 734.702 m     -231 875.407 m

GIS no.2    20         9 151 735.216 m     -231 879.593 m


Difference                             0.514 m                 4.186 m

GIS system number 3 performs almost as number 2 but for the missing value of station 20. GIS system number 2 and 3 may use the same mapping algorithm.
Conclusion of test
The tested GIS systems perform better than expected. Still there is room for improvements. 
This mini test is certainly not complete. Other GIS systems may perform better or worse. Some colleagues tell about bad experiences with GIS systems performing extremely bad on high latitudes. Those GIS systems took no part in this test and their experience may be outdated.
I must say that I am surprised that this mini test showed fairly small errors compared to my expectations. This could be a signal that the GIS systems have been improved in the last years.
Test reference

The reference mapping for the testing has been developed on National Survey and Cadastre, Denmark (the former Geodetic Institute, Denmark). The mapping equations built on Könich und Weise (1951). The mapping is world wide (almost) having an accuracy of 0.03 mm 4400 km from the central meridian. This development is described in Poder and Engsager (1998).
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(Fig. 6) Limits for UTM zone 32 giving accuracy 0.03 mm.

The underlying mapping algorithm performs by more than 200.000 transformations pr. second (Engsager and Poder (2007)). 
Future development

I expect that the GIS applications will be used in many unexpected ways in the near future. Some utilisations may work with data of high quality, where it is essential to the users that the quality is maintained whenever the data are sent from one system to another and be utilised in different mappings.

Conclusion

QUESTION: 

Do you remember the <NO_NAME> desk calculator which had a rarely occurring error in the floating point calculations? It was back in the 1980’s or 90’s discovered after the release of the desk calculator.

ASSERTION:

You have not bought the desk calculator after the error was discovered!

QUESTION:

Is this assertion:  TRUE or FALSE

IMPLICATION:
You may now be able to draw your own conclusion on which accuracy you need in a GIS system.
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