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ABSTRACT

Transformation equations from spheroid into Transverse Mercator (TM) projection have been written as expanding shape. This paper described the preparation of TM formulae in a programmable form, to ease the dealing with it and improve their accuracy, and the effect of computer language on accuracy of TM computation is investigated. However, two-computer language Fortran 77 (under DOS) and Visual C++ (under Windows) are chosen to execute the conversion computations of TM projection and indicates the activity of every one on the calculation accuracy. 

1. INTRODUCTION 

A projection is required to transfer positions from the spheroid onto a flat surface suitable for making a map. In the simple TM projection the surface of the spheroid is projected onto a cylinder which touches the spheroid along a selected meridian. The scale is therefore correct along this central meridian and increases on either side of it. Applying a reduction scale factor can do the modification of this projection, so that the scale along the central meridian, which had previously been true, is made too small (less than one) and two lines of exact scale are established towards the outer edges of the zone. 

The computer has become a common tool in most things in the everyday life. It is unable to understand instructions as human mind. All the instructions must be given in coded form, so that the compiler is able to understand them clearly. The compiler will then translate each instruction into machine language based on binary system. Nevertheless, it is not necessary to learn the machine language these days because compiler will do this job. Most professional programmers and all beginners write program in one of the programming language, which have many kinds. However, every kind is different from another by its storage units, facilities and simplicity of using.

Floating-point decimal values generally do not have an exact binary representation. This is a side effect of how the CPU represents floating point data. For this reason, you may experience some loss of precision, and some floating-point operations may produce unexpected results. This behavior is the result of one of the following [9]: (1) the binary representation of the decimal number may not be exact, (2) there is a type mismatch between the numbers used (for example, mixing float and double). 

Some substantial distinctions between Visual C++ and Fortran 77 languages are:

 Visual C++ in its double precision constant keeps 16 digits while in Fortran 77 is 7 digits. This fact is proofed by taking two constants and computing the difference between them [5]. As an example if (1) A=1.00000034 and B=1.00000031, (2) A=1.0000000000000034 and B=1.0000000000000031, the difference
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is 0.0 in Fortran 77 for two cases, but in Visual C++ is 3*10-8 for the case (1) and 3*10-16 for the case (2).

 Visual C++ is run under windows that deal with the memory can be extended to the hard disk storage, opposite of Fortran 77 that run under DOS deal with only 640 KB from the RAM memory. This advantage makes executing the works that need a large storage are possible.

2. CHANGE OF COORDINATE SYSTEMS 

Many theories consider the map projection as a mathematical operation in which rectangular coordinates (E, N) are written as a pair of parametric functions of latitude and longitude ((, (). Namely [3]



E  = f1 ((, ()






          (1)




N = f2 ((, ()





                      (2)

To obtain the relation between the map coordinates and the geodetic coordinates, an intermediate surface is introduced. This surface is called the isometric plane, where new isometric latitude ( is given by [7]:
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The isometric latitude is so called because a system of ((, () coordinates upon the curved surface of the spheroid subdivide it into a network of small squares. The map coordinates are then expressed as a function of ( and (, or




E = f1 ((, ()



      


          (4)




N = f2 ((, ()

  




          (5)

The orthomorphic transformation (i.e. satisfies the Cuachy - Riemann conditions) from geographical coordinates on the spheroid to a plane coordinates on the required map can be written as complex numbers, and express one as a function of the other, thus [4]:



Z  = E + i N





Z / = ( + i (







    




Z = f (Z /)






          (6)

In which the coordinates on the map representing the same point of the spheroid, 

 and f is any analytic function of Z /, which expresses the relation between these coordinates.

Equation (6) may be expanded in a Maclaurin’s series as





Z = Co + C1 Z / + C2 Z / + ...


                                  (7)

Where the C’s are complex coefficients, are determined by the relationship
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The equation (6) gives direct solution. For reverse solution, it will be 




Z / = f (Z)






          (9)

4. COMPUTATION OF TM COORDINATES  

Except for surveys of Polar Regions, which are best treated in stereographic projection, the TM projection of the reference spheroid onto a plane has superseded all other conformal projections as a standard map projection for geodetic purposes. TM projection is a mathematical projection on a cylinder tangent to the spheroid along the central meridian to enforce the conformality conditions. This projection is used for the plane coordinate systems of zones that greater north - south than east - west extent.

Other properties of this projection include [4]:

     1. The central meridian and the normal to it are represented by straight lines;

2. Other meridians are complex curves that concave toward the central meridian;

3. Parallels are concave curves toward the pole;

4. The scale is true only along the central meridian.

4.1. FORWARD COMPUTATION

In Fig. (1), if the geodetic coordinates of the point H ((, (), the longitude of the central meridian ((o) and false easting and northing, Eo and No, of central point are known. The coordinates of such a point on TM projection (E, N), convergence (() and scale factor (K) can be calculated from the following equations [2 & 6]:
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Fig. (1): The Elements of Transformation Operation
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Where

e/ Second eccentricity of a spheroid.

( Prime vertical curvature radius of a spheroid.
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Where

 S is the meridional distance from equator to latitude, but So is S of central latitude. Distance S is calculated as follow [10]:
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Where

a is the semi – major and b is the semi – minor axis of the spheroid.
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4.2. BACKWARD COMPUTATION

Now, if the coordinates of a point on the TM projection and the longitude of the central meridian are known, the geographic coordinates of such a point can be calculated from the following equations [2 & 6]:
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 is a foot point latitude for which meridional distance is equal to the northing coordinate on the map, while the quantities subscripted by 1 are referring to that point for which the latitude is equal to 

.
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5. APPLICATION AND VERIFICATION  

As an application on this projection the following TM coordinate system in Syria will be treated:

Origin parallel (o = 34o 12 / N, Central meridian ((o = 39o E, Eo = No = 550000 m, Scale factor at central meridian Ko = 1 and Spheroid used is Clarke 1880.

 The geodetic coordinates of chosen points are:




( = 33o 0/ 35.3861// N




( = 36o 3/ 35.9461// N

(

I






II




( = 36o 35/ 22.0934// E



(( = 41o 15/ 15.7103// E

The TM coordinates are computed from this data by using the preceding relations and once by Fortran 77 and another time by Visual C++ languages. The results are assembled in table (1) for direct solution and in table (2) for inverse solution with the coordinate differences between TM coordinates are calculated by using Visual C++ and Fortran 77 languages. 

Table (1): Plane Coordinates (Direct Solution)

         TM coordinates (m)
Difference (cm)

Fortran 77
Visual C++


 I    E = 324718.410
      N = 420580.070
E = 324718.400
N = 420580.087
-1
1.7

II    E = 753131.375
      N = 758697.457
E = 753131.384
N = 758697.477
0.9
2

Table (2): Geodetic Coordinates (Inverse Solution)

Geodetic coordinates 
Difference (//)

Fortran 77
Visual C++


 I    ( = 33o 00/ 35.3784// N
      ( = 36o 35/ 22.0850// E
( = 33o 00/ 35.3861// N
( = 36o 35/ 22.0934// E
0.0077
0.0084

II    ( = 36o 03/ 35.9373// N
      ( = 41o 15/ 15.7010// E
( = 36o 03/ 35.9461// N
(( = 41o 15/ 15.7103// E
0.0088
0.0093

5. CONCLUSIONS
Converting from spheroid into TM projection can be calculated from the basic transformation formulae in terms of spheroidal coordinates as an expanding form. But the algorithmic method is more useful in this case, because it is easier for the computer to treat each term individually as well as improving the calculations accuracy between 20% and 30% as Maling [8] wrote about the solution of a fifth-order polynomial. Nevertheless, this manner is very suitable in view of what has already been said about economy in the design of equations. 

From the results obtained in this research by adopting the same preceding equations for both languages under study, it can be said that the computer, as a computational machine, provides many powerful capabilities, but it needs a compressive software based on a good mathematical approach and choice of a suitable language. The differences in table (1) and table (2) might be insignificant for the former but significant for the latter in most of the surveying applications. For example 0//. 0093 ( 28.9 cm on the Earth surface. 

These variations could be attributed to:

 Floating-point decimal values generally do not have an exact binary representation;

 Visual C++ in its double precision constants, as stated before, keeps 16 digits and that in Fortran 77 are 7 digits, which causes some loss of precision.

 Computer deals the angles in radian units. In geodesy, the millimeter accuracy considered in much application, which meets 0//. 000035 = 0//. 000035 / 206265 = 1.7E-10 radian.
Finally, Visual C++ is a superior tool that can be used especially for:

1. The works that need a high accuracy in calculations like geodetic problems, as a lot of digits can be preserved.

2. The actions require a large storing as matrix computations, because it is deal with the memory can be extended to the hard disk storage.
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