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ABSTRACT

Geo - Transform

By:
Manar Al Jabari Sumya Zahdeh

Palestine Polytechnic University

Supervisor

MeSe. Ghadi Zakarneh

This project aims to build Geodetic Transformation software using visual Basic 6
programming language. This tool should be able to transform from Geographic
coordinates (A, ¢, h) to geocentric coordinates (X, Y, Z) , and from geographic
coordinates (&, @) to projected coordinates (Easting , Northing) and in the opposite
direction using casini, Transverse Mercator (TM) and Universal Transverse Mercator
(UTM). So that for surveying point there would be no need to use expensive software,
and the time will not be spent to draw the point in the software format like GIS and
CAD software.

There are many software Savailable to apply these calculation, such as Arcview,
ArcGIS, Autodesk land desktop, ER Mapper, ERDAS, ...etc. but these software are

expensive for single user.

The projected coordinates systems used are: Palestine 1923 Belt, Palestine 1923 old

Grid, and the Israeli Transverse Mercator. In addition a separate datum transformation

tool is to be built, to calculate the datum transformation parameters using different
_ p g

transformation method; similarity 7- arametres, similarit 6-parameters, similarity 3-
o &

parameters, Moldensky transformation and § clmert transformations.

The firal product will be software can be setup at any computer to calculate different

types of coordinates for single or multipoint calculations.
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CHAPTER 1 INTRODUCTION

CHAPTER ONE

INTRODUCTION

1-1 Background

This project is Geodetic Transformation tool programmed using visual Basic 6
programming language. This tool has the following functionalities; the First one to
transform from Geographic coordinates (A, 9, h) to geocentric coordinates X, Y, z2),
Where the same ellipsoid is used. The Second functionality to transform 3D
geographic or geocentric coordinates (A, ¢) to 2D projected (Grid) coordinates
(Easting, Northing), the used map projection in this transformation too] are: Cassini,
Transverse Mercator (TM) and Universal Transverse Mercator (UTM). The Third is

to apply the reverse transformation of the first and second functionalities.

In addition, a separate datum transformation tool is to be built to calculate the datum
transformation parameters using different datum transformation methods similarity 7-
parametres,  similarity 6-parameters, similarity 3-parameters, Moldensky

transformation and Helmert transformations.

In this tool three Basic map projections are used; Cassini, Transverse Mercator ™,
and universal Transverse Mercator UTM. In Palestine there are four map projection
and  coordinate  systems used, These are Palestine_l923_Pa1estine_Gn'd,
Palestine_l923_Israel_CS_Grid, palestine_1923 Belt, and Israel TM_Grid. Where

each coordinates system has its own projection parameters.
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1-2 Objectives

This project deals with visual Basic 6 programming language. This tool should be
able to apply the following coordinate transformations,

1. Geographic coordinates (A, ¢, h) to Geocentric coordinates (X, Y, 7).

2. Geocentric coordinates (X, 'Y, Z) to Geographic coordinates (A, @, h).

3. Geographic coordinates (A, @) to projected coordinates (Easting, Northing),
for Cassini, Transverse Mercator TM, and universal Transverse Mercator
UTM.

4. Projected coordinates (Easting, Northing) to Geographic coordinates (A, 0)
using Cassini, Transverse Mercator (TM) and Universal Transverse
Mercator (UTM).

5. Calculate the datum transformation  parameters using  different
transformation method; similarity 7-parametres, similarity 6-parameters,
similarity 3-parameters, Moldensky  transformation  and Helmert

transformations

1-3 Previous studies

There are many software available to apply these calculations; such as Arcview,
ArcGIS, Autodesk land desktop, ERMapper, ERDAS . ..etc. but these software are
expensive for a single user. In addition, these software have large capabilities and
steps of work because the major task is not the coordinates transformations, but
coordinates transformations a secondary task, used to enhance the performance of the

software.

1-4 Project plan
The project works will be achieved by the following steps:

1. literature review
2. Research plan, determining the problem solving scope.
3. Transform from Geographic coordinates (A, 9, h) to Geocentric coordinates

(X, Y, Z) and in the opposite direction.
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4. Transform from Geographic coordinates (A, @) to projected coordinates
(Easting, Northing) and in the opposite direction, using three basic map

projections; Cassini, Transverse Mercator (TM) and Universal Transverse

Mercator (UTM).
5. Four Basic coordinate systems are to be used:
Palestine 1 923 Palestine Grid, Palestine 1 923 Israel CS_Grid,

palestine_1923 Belt, Israel TM_Grid. And insert false Easting, false
Northing, latitude of origin, Central Meridian, and ellipsoid for each of
coordinates system, are to be define in the software. And users define map
projection using Cassini & TM is to allow.

6. Programming datum transformation tool as a separate software.

Table 1.1: Timetable

ing data

(approximate)

(approximate

| Problem definition 3 25/9/2007 6/10/2007 yes

2 Literature review 2 6/10/2007 20/10/2007 yes
3 Preparing research plan 6 20/10/2007 1/11/2008 yes
-+ Coordinate system 4 1/11/2007 15/11/2008 yes
datum &datum
transformation
5 Introduction of Map 4 15/11/2008 1/12/2008 yes
projection
6 Preparing a separate | 4 | 1/12/2008 1/2/2008 yes
software
7 Result of analysis 6 1/2/2008 15/3/2008 yes
8 Conclusion & 4 15/3/2008 15/4/2003 yes
recommendation
9 Final Report 29 15/4/2008 Final date yes
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1-5 Methodology
This project has the following scope:

Chapter 1: This chapter introduces the project.

Chapter 2: This chapter explains the coordinates Systems used in this project.
Chapter 3: This chapter describes the datum transformations methods and
applications.

Chapter 4: The chapter shows the results and their analysis of the Geo-
Transform.

Chapter 5: This chapter shows how the user can use the software The Geo-
Transform.

Chapter 6: This chapter shows the conclusions and recommendations. For the

project.
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CHAPTER 2 COORDINATE SYSTEMS

CHAPTER TWO

COORDINATE SYSTEMS

2.1 Introduction

Coordinate system is a system to determine location on the surface of the earth,
different units and length to the angular distance have been used. The mathematical
figure of the earth is applied to the classical definition of the geoid defined as
equipotent surface of the earth gravitation field that nearly concides with the mean sea

level(MSL),

A reference surface is chosen so that reductions are applied to the surface. At the
beginning this surface was defenid as a sphere with a radius R(approximately
R=6378km), later it was defiend as a rotational ellipsoid, the circle on the equator
with Radius (a) and the distance from the center to the north or south pole is (b).(a) is
called the semi major axis and (b) is called the semi minor axis, while always (a) is

larger than (b).

Figure 2.1: The Earth
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2.2 Spherical coordinate

Considering the earth as a sphere with radius R, the position of the point is defined by

polar coordinate (A, ¢, h), or by geocentric coordinates (X, Y, Z) with origin at the

earth center.

Where;

A = longitude; defined as the angular distance on the equator from Greenwich

meridian to the local meridian.

¢ = latitude; defined as the angular distance long the meridian from the

equator to the point.

h = ellipsoid height; defined as the distance along the normal from the

ellipsoid surface to the point.

The conversion between the different coordinates can be calculated as follows:
X =(R +h) cose cos\,
Y = (R +h) cose sin\
Z=(R +h) sing

The reverse formula are:

r=+VX*+y?*4+22

™ u Poinr P

Figure (2.2): Sphere as the earth figure

2.1)
2.2)
(2.3)

(2.4)
(2.5)

(2.6)
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2.3 Ellipsoidal Coordinates

2. 3.1 Ellipsoidal earth figure

In classic definitions; earth is considered to be an ellipsoid with semi major axis (a) &
semi minor axis (b), the other basic parameters can be calculated using the basic axis,
table (2.1)show selected reference ellipsoids. Table (2- -2), show the basic defining

parameters of an ellipsoid.

Figure (2.3): Ellipsoid as the figure of the earth

Table (2-1): Selected reference Ellipsoid [6]

WGS 60 ‘\ 63781650 298.3
WGS 66 6378145.0 298.25
WGS 72 6378135.0 298.26
WGS 84 6378137.0 298.257223563
South American 1969 6378160.0 298.25
Krassovsky 6378245.0 298.3
International 6378388.0 297.0
Clarck 1866 6378206.4 294.978698
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Clarck 1880 6378249.145 293.465
GRS 1975 6378140.0 298.257
GRS 1980 6378137.0 298.2572221

Table (2-2): The relation between the different parameters [6]

f2-5) Toay

a 1+e"
; Y e & f2-7) 4n
&= 5 b2 -rP 1-¢2 - r)y (t-ny
f= aa_b I=(1-e?)2 [ 1-(1402)% 1%
. a-b =(-)F | (lee?)s f

a=b 1+(1—e2)% (l+e'2)%+l =

In modern definition the ellipsoid is defined as an equipotential surface. the normal
potential (U) on the reference ellipsoid is equal to the geopotential (W) on the

geoid.The total mass of the reference ellipsoid is equal to that of the earth, and the

10



CHAPTER 2 COORDINATE SYSTEMS

reference ellipsoid is rotating around its minor axis at the same angular velocity as the

earth rotation.

Many ellipsoids were defined by physical definition depending on the principle of
normal gravity. Examples of physically defined ellipsoids are GRS67,GRS80,and
WGS84.The defining parameters for GRS80 ellipsoid are shown in table (2.3).

Table (2.3) GRS80 ellipsoid parameters [2]

a Semi-major axis m 6378137.000
GM Product of G and total mass M m’s™ 0.3986005. 10"
. C-
J2 Dynamic from factor 0.00108263
Ma
o Angular velocity s 0.72921151.10*
b Semi-minor axis meter 6356752.3141
. _ 0.003352810681
1 Geometrical flattening
1/298.257222101
et First eccentricity squared 0.006694380023
e Second eccentricity squared sec”! 0.006739496775
Normal potential on the
Uy o m*sec? 62636860.850
ellipsoid
E Normal gravity on the poles Gal 983.21863685
Y. Normal gravity on the equator Gal 978.03267715
0.005302440112
t* Gravity flattening
1/188.592417552
k (by,-ay )ay,) 0.001931851353
m @ *a’b/(GM) 0.003449786003
Y45 Normal gravity at altitude 45 ° Gal 980.6199203
Y Gal 979.7644656

11




CHAPTER 2 COORDINATE SYSTEMS

The defining four parameters are shown in table (2.4) for WGS.

Table (2-4) WGS ellipsoid parameters [8]

Parameter Notation Value
Semi-major axis a 6378137.0 meters
Reciprocal of Flattening 1/f 298.257223563
Angular Velocity of the Earth @ 7292115.0*10 rad/s
Earth's Gravitational constant GM 3986004.418*10m?/s2

2.3.2 Geographic Coordinate

The most commonly used coordinate system today is the latitude, longitude &height.
Equator & the prime meridian (Greenwich) are the reference planes used to define

latitude and longitude.

The geodetic latitude (p) of a point is the angle from the equatorial plane to the
vertical direction of a line normal to the refernce ellipsoid passing the point, the
geodetic longitude (A) of a point is the angle between a referance meridian
(Greenwich)and the vertical plane passing through the point measure along the
equator, both plans being perpindicular to the equatorial plane. The geodetic (ellipsoid
or normal) height (h) at a point is the distance from the reference ellipsoid to the point

in the direction normal to the ellipsoid. [5]

Geodetic Height of
Point P

Ellipsoid . Sl
N Pee Semt Minor Axis .
Surface Pomnt P

Normal to
Ellipsoid at
Pomt P

Sem1 Major Axis

Equator

Geodetic Geodetic

Longitude * Latitude

Figure (2.4): Geographic coordinates system

12
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2. 3. 3 Geocentric coordinates

It is a system of three deminsional earth centerd refrence system in which locations

are identified by their X, Y, and Z values.

The x axis is in the equatorial plane of intersects the prime meridian
(Greenwich).
The y axis is in the equatorial plane of intersects the +90° meridian.

The z axis coincides with the polar axis and is positive toward the North Pole.

Ellipsoid
Surface

Normal to

Equator

X

Figure (2.5) : Geocentric system

This system is not a Grid system. The earth is modeled as a sqhere or spheroid in a

right handed X, Y, Z system

X =(N +h)cospcosi 2.7
Y = (N +h)cospsin A (2.8)
Z=((1-e*)N +h)sing 2.9

The inverse problem is solved in an iterative solution (Torge method): [9]

Y . .
A=tan" X (Does not need iteration). (2.10)

13
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NXTHET

COSQ

h= N

(=57

Z
=tan” (————
? (\/X2 +1? N+h

As initial value to start the iterative solution,

0 =tan” (—2—(1-¢")")
X +Y

2. 3.4 Topocentric Coordinate

(2.11)

(2.12)

(2.13)

In the topocentric coordinates, we use the point of origin with know geographic

coordinate Po (A, ¢, h) or (X, Y, Z), the(x) direction in to the north, the(y) direction is

to the east and the (z) direction is perpendicular the x, y plane.

:,.-""‘Grenech

/ Meridian

Figure (2.6): Topocentric Coordinates system

The position of the point is defined by the zenith (ze), distance (s) and Azimuth (Az)

measured clockwise from the north,

14
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Where;
x = Scos Azsin ze (2.14)
y = Ssin Azsin ze (2.15)
z=Scosze (2.16)

If geocentric coordinates are used:
X
X=\Y |, x=|y (2.17)
Z

To convert from topocentric to geocentric coordinate the following can be applied in

matrix form.
AX = Ax (2.18)
AX —sing,cosd, —sind, cosgcosd, || x
AY |=| —sing,sin4, cosd, cosg,sini, | y (2.19)
AZ cos @, 0 sing,, z
X=X,+AX

(2.20)
x=A"AX = ATAX

2.4 Map Projection (Grid coordinates systems)

The basic idea at map projection is to convert from geographic (¢,\) to Local
(E,N)Grid system and in the opposite direction, Map projections are attempts to
portray the surface of the earth or a portion of the earth on a flat surface. Some
distortions of conformality, distance, direction, scale, and area always result from this
process. Some projections minimize distortions in some of these properties at the
expense of maximizing errors in others. Some projections are attempts to only

moderately distort all of these properties, the properties are:

15
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Conformalety: When the scale of a map at any point on the map is the
same in any direction, the projection is conformal. Meridians (lines of
longitude) and parallels (lines of latitude) intersect at right angles. Shape
is preserved locally on conformal maps.

Distance: A map is equidistant when it portrays distances from the
center of the projection to any other place on the map.

Direction: A map preserves direction when azimuths (angles from a
point on a line to another point) are portrayed correctly in all directions.
Scale: Scale is the relationship between a distance portrayed on a map
and the same distance on the Earth.

Area: When a map portrays areas over the entire map so that all mapped
areas have the same proportional relationship to the areas on the Earth

that they represent, the map is an equal-area map.

Real world

Q

Spherod

Figure (2.7): Map projection (from 3Dto Grid system)

2.4.1 Map projections general classes.

Map projections fall into four general classes depend on the methods of
projection,

1.Cylindrical projections result from projecting a spherical

surface onto a cylinder.

16
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A. When the cylinder is tangent to the sphere contact is along
a great circle (the circle formed on the surface of the Earth

by a plane passing through the center of the Earth).

Figure (2.8) Projection of a sphere onto a cylinder (tangent case)

In the secant case, the cylinder touches the sphere along two lines.

Figure (2.9) : Projection of a Sphere onto a Cylinder (Secant Case)

B. When the cylinder upon which the sphere is projected is at right
angles to the poles, the cylinder and resulting projection are

transverse.

17
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Figure ( 2.10) : Transverse Projection of a Sphere onto a Cylinder (Tangent Case)

C. When the cylinder is at some other, non-orthogonal, angle with

respect to the poles, the cylinder and resulting projection is

obligue.

Figure (2.11) : Oblique Projection of a Sphere onto a Cylinder (Tangent Case)

2. Conic projections result from projecting a spherical

surface onto a cone.
A. When the cone is tangent to the sphere contact is along a small

circle.

18
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Figure (2.12): Projection of a Sphere onto a Cone (Tangent Case)

B. In the secant case, the cone touches the sphere along two lines, one

a great circle, the other a small circle.

Figure (2.13) : Projection of a Sphere onto a Cone (Secant Case)

3. Azimuthal projections result from projecting a spherical
surface onto a plane.
A. When the plane is tangent to the sphere contact is at
a single point on the surface of the Earth.
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Figure (2.14): Projection of a Sphere onto a Plane (Tangent Case)

B. In the secant case, the plane touches the sphere
along a small circle if the plane does not pass
through the center of the earth, when it will touch

along a great circle.

Figure (2-15): Projection of a Sphere onto a Plane (Secant Case)

4. Miscellaneous projections include unprojected ones such
as rectangular latitude and longitude grids and other
examples of that do not fall into the cylindrical, conic, or

azimuthal categories
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2.4.2 Transverse Mercator

It is known as Gauss-Kruger and similar to the Mercator, except that the cylinder is
longitudinal along a meridian instead of the equator. The result is a conformal
projection that does not maintain true directions exclude small areas. The central
meridian is placed in the center of the region of interest. This centering minimizes
distortion of all properties in that region. This projection is best suited for north—south

shaped areas.

Figure (2.16): Transverse Mercator

The formulas to derive the projected Easting and Northing coordinates are in the form

of a series as follows:
Easting:

5

3
E = FE +kyv, A+(1—T+C)£6—+(5—18T+T2 +72C—58e'2)%6 (2.21)

Northing:

2 4
A—+(5—T+9C+4cz)i

24

N=FN+kysM—-M, +vtang (2.22)

+(61-58T +T? +6ooc—33oe'2)‘4—
720
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Where;

E : Easting

N : Northing

FE : False easting

A : longitude

¢ : latitude

k : scale factor

T =tan’ ¢ (2.23)

2

e

> cos’ p=e” cos’ ¢ (2.24)

A=(A-1, )cos¢ , with & and Ay in radians

M: arc meridian

((1—e/4-3¢* /64—5e° /256 —...). i
— (3¢ /8+3e* /32+45¢° /1024 +...)sin 2¢
M=a. (2.25)
+(15e* /256 +45¢° /1024 +...)sin 4

| —(35¢° /3072 +...)sin6¢ +...

v: radius of curvature in the prime vertical

p: radius of curvature in the meridian

With ¢ in radians and M for ¢, the latitude of the origin, derived in the same way.

The reverse formulas to convert Easting and Northing projected coordinates to

latitude and longitude are:
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2 4

D _(s+31,+10C, -4C? Y. ) e
vitang, | 2 24 (2.26)
. D°
+(61+90T; +298C, +45T;* —252¢” =3C} )7—26

3
D-(1+2T +Cl)%

A=A+ 3 / cos @, (2.27)
+(5-2C, +28T, —=3C} +8e” + 247’12)1—26

Where ¢1 may be found as for the Cassini projection from:

a

VRN, S (2.28)
J1—e’sin’ g,
all-e’
pl = ( ) 3 (229)
(1 —e’ sin’ gol)/z
@O, = M +(3e1 /2-27e; /32+...)sin2,ul
+ (2162 116 - 55¢ 132 +..)sin 44, 530
+(151el3/96 +...)sin6,u1 '
+(1097¢} /512 —..)sin 84, +...
And where:
/2
o = :(L—LZ)W 2.31)
1+(l —ez)
Ml
= 2.32
M= 14-3¢" 164—5¢° /256 —..) —
M, =M, +(N-FN)/k, (2.33)
T, = tan” g, (2.34)
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2

G & T cos’ p =e” cos’ ¢ (2.35)
—g

¢? = fl-&] (2.36)

D = (E - FE)/(vk,) (2.37)

To define coordinates system using transverse Mercator, the following parameters

have to be defined reference ellipsoid

o False Easting

o False Northing

e Central Meridian
e Scale factor

o Latitude of origin

o Scale Factor at Central Meridian

In Palestine, there is a coordinates system named Palestinian transverse Mercator or

Palestine-1923-Belt with the following parameters:

o False Easting : 170251.555000

o False Northing : 1126867.909000

o Central Meridian : 35.212081

e Scale factor : 1.000

o Latitude of origin : 31.734097

« Spheroid: Clarke 1880_Benoit

e Semi major Axis : 6378300.79000000

e Semi minor Axis: 6356566.430000036

o Inverse flattening: 293.466234570999970

The other common system is the Israeli traverse Mercator (Israeli TM Grid) with the

following parameters:

o False Easting : 219529.584000
o False Northing : 626907.390000

24



CHAPTER 2 COORDINATE SYSTEMS

e Central Meridian : 35.204517

e Scale factor : 1.000007

o Latitude of origin : 31.734394

o Spheroid: GRS 1980

o Semi major Axis : 6378300.79000000

e Semi minor Axis: 6356566.430000036

o Inverse flattening: 293.466234570999970

2.4.3 Cassini_Soldner projection

The name Cassini-Soldner refers to the more accurate ellipsoidal version,
developed in the 19th century. This transverse cylindrical projection maintains
scale along the central meridian and all lines parallel to it and is neither equal area
nor conformal. It is most suited for large scale mapping of areas predominantly
north-south in extent.

The formula to derive projected Easting and Northing coordinates are:

Easting:
E=FE+V|A-T.4 /6-(8~T+8C)T.4 /120] (2.38)
Northing:

N=FN+M M, +v.tang|d® /2+(5-T +6C)4* /24] (2.39)
Where;

FN: False Northing
FE : False Easting
¢:latitude

A : longitude

A, : longitude on the central maridian

A=(1-1,).cosp (2.40)
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T:tan2¢ (2.41)

2

O = cos’ 7 (2.42)

1-¢?
And M, the distance along the meridian from equator to latitude ¢ (Arc Meridian),

is given by:

[(1-e®/4-3e*/164—5¢° /256 —...).p

— (3¢ /8+3e" /32 +45¢° /1024 +...)sin 2¢

M=a (2.43)
+(15e* /256 +45¢° /1024 +...)sin 4¢

—(35¢° /3072 +...)sin6¢p +...
L

With ¢ in radians, M is the value of M calculated for the latitude of the chosen

origin. This may not necessarily be chosen as the equator.

To compute latitude and longitude from Easting and Northing the reverse formula

are:
_p it DY o DY (2.44)
P = o ) Vo4 .
A=Ay +|D—1,.D° 13+ (1437, )1,D° /15]/ cos g, (2.45)

Where p; is p calculated at ¢ = @, and @, is the latitude of the point on the central
meridian which has the same northing as the point whose coordinates are sought

and is found from:

Vl e '-—2—2— (246)
J1—e’sin” ¢,
all —e?
D, &= ( ) (2.47)
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0, =, +(3e, 12-27€} 132+...)sin 24,
+ (2167 /16 - 55¢ /32 +..)sin 44,

(2.48)
+(151€} /96 +...)sin 64,
+(1097¢¢ /512~ ...)sin 8, +...
Where;
1—( ~¢? )1/2
P e e I (2.49)
Co+(-e?)”
Ml
- 2.50
M ll—e? 14-3¢" /64—5¢° /256 .. Gt
M, =M, +(N-FN) (2.51)
T, = tan’ p, (2.52)
D =(E-FE)/v, (2.53)

To define a coordinates system using Cassini projection the following parameters are

to be considered Reference ellipsoid

False Easting

e False Northing

o Central Meridian
e Scale factor =1

e Latitude of origin

The Palestinian grid named Palestine 1923 Grid is built using Cassini projection,

which normally used in land surveying and engineering projects with the following

parameters:

o False Easting : 170251.555000
o False Northing : 1126867.909000
e Central Meridian : 35.212081

e Scale factor : 1.000
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Latitude of origin : 31.734097

Spheroid: Clarke 1880 Benoit

Semi major Axis : 6378300.79000000
Semi minor Axis: 6356566.430000036
Inverse flattening: 293.466234570999970

Israeli old grid is the same of Palestine grid (Palestine-1923-Israili-Grid), but 1

million is added to the northing value:

False Easting : 170251.555000

False Northing : 1126867.909000

Central Meridian : 35.212081

Scale factor : 1.000

Latitude of origin : 31.734097

Spheroid: Clarke 1880 Benoit

Semi major Axis : 6378300.79000000
Semi minor Axis: 6356566.430000036
Inverse flattening: 293.466234570999970

2.4.5 (UTM) Universal Transverse Mercator

UTM coordinate system is used in survey navigation and in GIS. And it's the most

commonly used in transverse mercator. from the figure (2-17) below, we can see that

UTM zone numbers designate 6 degree longitudinal strips extending from 80 degree

south latitude to 84 degrees north longitude.

To find the central meridian of a UTM zone: [2]

Central meridian = (zone# * 6 — 3) — 180 (2.54)

To find which zone you belong to at a given longitude: [2]

zone = int(ﬂ“ b 61 8°J+1 (2.55)

28



@
ba
o

e
©
=

=

8
@
c
o

N

=

T

-

6¢

I0JBOISJA] SSIOASURL] [BSIOAIUN (£ ]-7) 9031

5] @

lE

AT

Pl

NM L{K Ji

§

ap

|

R

|

N

NN WO oW

™

ne

xgﬁ\\ﬁu TS

L -4 =5 ?«:

3 »

b

!

@G58 SRS BALEBARINN

sJaqunp auoZ LN

SRR

N
P

3

SINHLSAS HLVNIAIOO0O

¢ Y41dVHDO
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2.4.6 Projected coordinate

A projected coordinate system is defined on a flat, two dimensional surfaces, it has a
constant lengths angle & areas across the two dimensions, and it's always based on a
geographic coordinate system that is based on a sphere or spheroid

In a projected coordinate system, locations are identified by x, y coordinate on a grid,
with the origin at the center of the grid. Each position has two values. One is

horizontal position & the other is vertical position.

Table (2.5): Projected Coordinate Systems Examples [2]

Projected Coordinate Systems Examples

Name Projection Geographic Central Central Scale F. Easting F. Northing
Coordinate Meridian Parallel Factor
System (GCS)
Palestine Belt Transverse Palestine 1923 35.21206055556 | 31.73409694444 1 170,251.555 1,126,867.909
Mercator
Palestine Grid Cassini Palestine 1923 | 3521206055556 | 31.73409694444 1 170,251.555 126,867.909
Israel CS Grid Cassini Palestine 1923 | 3521206055556 | 31.73409694444 1 170,251.555 | 1,126,867.909
Israel TM Transverse GCS 1980 35.20451694445 31.73439361 1.0000067 | 219,529.584 626,907.39
Mercator
WGS 1984 Transverse WGS 1984 27 0 0.9996 500,000 0 (the
UTM Zone Mercator equator)
35N
WGS 1984 Transverse WGS 1984 33 0 0.9996 500,000 0 (the
UTM Zone Mercator equator)
36N
WGS 1984 Transverse WGS 1984 39 0 0.9996 500,000 0 (the
UTM Zone Mercator equator)
37N
WGS 1984 Transverse WGS 1984 45 0 0.9996 500,000 0 (the
UTM Zone Mercator equator)
38N
Egypt Blue Transverse Egypt 1907 35 30 1 300,000 1,100,000
Belt Mercator
Egypt Red Belt Transverse Egypt 1907 31 30 1 615,000 810,000
Mercator
Egypt Purple Transverse Egypt 1907 27 30 1 700,000 200,000
Belt Mercator
Egypt Transverse Egypt 1907 27 30 1 700,000 1,200,000
Extended Mercator
Purple Belt
ED 1950 UTM Transverse European 1950 27 0 0.9996 500,000 0 (the
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Zone 35N Mercator equator)

ED 1950 UTM Transverse European 1950 33 0 0.9996 500,000 0 (the
Zone 36N Mercator equator)

ED 1950 UTM Transverse European 1950 39 0 0.9996 500,000 0 (the
Zone 37N Mercator equator)

ED 1950 UTM Transverse European 1950 45 0 0.9996 500,000 0 (the
Zone 38N Mercator equator)

ED 1950 UTM Transverse European 1950 27 0 0.9996 500,000 0 (the
Zone 35N Mercator (Egypt) equator)

(Egypt)

ED 1950 UTM Transverse European 1950 33 0 0.9996 500,000 0 (the
Zone 36N Mercator (Egypt) equator)
(Egypt and

Jordan 1:50k
English series
topo maps)

ED 1950 UTM Transverse European 1950 39 0 0.9996 500,000 0 (the
Zone 37N Mercator (Egypt) equator)
(Egypt and

Jordan 1:50k

English series
topo maps)

ED 1950 UTM Transverse European 1950 33 0 0.9996 500,000 0 (the
Zone 36N Mercator (Cyprus) equator)
(Cyprus)

ED 1950 UTM Transverse European 1950 33 0 0.9996 500,000 0 (the
Zone 36N Mercator (Middle East) equator)

(Middle East)

ED 1950 UTM Transverse European 1950 39 0 0.9996 500,000 0 (the
Zone 37N Mercator (Middle East) equator)

(Middle East)

ED 1950 UTM Transverse European 1950 45 0 0.9996 500,000 0 (the
Zone 38N Mercator (Middle East) equator)

(Middle East)

FD 1958 Iraq Lambert Conic | GCS FD 1958 45 325 0.99878640 1,500,000 0 (the

Conformal 8 equator)

Levant (Syria) Double Deir-ez-Zor 37.35 34.65 0.9996256 0 0 (the

Stereographic equator)
Syria Lambert Double Deir-ez-Zor 37.35 34.65 0.9996256 300,000 300,000
Stereographic
Jordan Transverse International 37 0 0.9998 500,000 -3,000,000
Transverse Mercator (Hayford)
Mercator 1927
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CHAPTER THREE

DATUM TRANSFORMATIN

3.1 Introduction

The coordinates of all locations on the earth are defined referring to a datum. While a
spheroid nearly represents the shape of the earth, a datum defines the position of a
spheroid relative to the center of the earth. A point on the surface of the earth is
matched to a particular position on the surface of the ellipsoid. This point is known as
the origin point of the coordinates system on the datum. The coordinates of the origin
point of coordinates system are fixed, and all other points are calculated referring to
it. The coordinate system origin of a local datum is not at the center of the earth. The
center of the spheroid of a local datum is offset from the earth's center, depending on

a global datum like WGS84.

A datum provides a frame or reference for measuring locations on the surface of the
earth. It defines the origin and orientation of latitude and longitude lines. Whenever
change the datum, or more correctly, the geographic coordinate system, the

coordinate values of a point will change.
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3.2 Datum and Ellipsoids

The shape of the earth is ellipsoid because the distance from the center of the earth to
the equator is larger than the distance from the center to the poles by about 23 km. to
make an ellipsoid model of the earth, Rotate the ellipse about the shorter polar axis
(semi-minor axis b) to form a solid surface, see figure (3.1) A datum is defined by

choosing an ellipsoid and then a primary reference point.

(a) (b)

Figure (3.1) : (a) Rotate ellipse, (b)Making ellipsoid

The reference ellipsoid of the Palestine 1923_Grid, Palestine_1923_Israel_CS_Grid,
and Palestine 1923 Palestine Belt is the Clarke 1880_Benoit. The reference
ellipsoid of the Israel TM_Grid is the Geodetic Reference System 0f 1980 (GRS80).

The following table (3.1) shows the coordinate systems with their datum definition:
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Table (3.1) : The coordinate system with datum

39 13 26.686

Clarke 1866

North North 98 32 30.506
American 1927 | America Ranch N W
Old Hawaiian Hawaii Oahu West 21 18 13.89 157 50 55.79 Clarke 1866
Base Astro N W
Qornog Greenland Station 7008 64 31 06.27 5112 24.86 International
N w
Hjorsey 1955 Iceland Hjorsey 64 31 29.260 | 2222 05.840 International
N w
Provisional Venezuela, La Canoa 08 34 17.17 63 51 34.88 International
South Ecuador, N w
American 1956 | Peru,
Bolivia,
Chile
Corrego Alegre | Brazil Corrego 19 50 15.14 48 57 42.75 International
Alegre S w
Chua Astro Paraguay Chua Astro 19 45 41.16 48 06 07.56 International
S W
Campo Argentina Campo 35 58 16.56 62 10 12.03 International
Inchauspe Inchauspe S w
Yacare Uruguay Yacare 30 35 53.68 57 25 01.30 International
S w
European Europe Potsdam, 522251446 | 1303 58.741 International
Helmertturm N E
Odnance Great Royal 50 51 55.271 00 20 45.882 Airy
Survey of Britain: Greenwich N E
Great Britain Northern Observatory,
1936 Ireland Herstmonceux
Ireland 1965 Ireland Royal 50 51 55.271 00 20 45.882 Modified
Greenwich, N E Airy (8)
Herstmonceux .
Merchich Morocco Merchich 3326 59.672 | 07 33 27.295 Clarke 1880
N w (2)
Voirol Algeria Voirol 3645079 N 03 02 49.45E | Clarke 1880
Observatory (2)
Adindan Sudan Adindan 22 10 07.110 3129 21.608 Clarke 1880
N E (2)
Sierra Leone Sierra Leone | D.O.S. Astro 08 27 176 N 1249 40.2W Clarke 1880
1960 SLX2 (2)
Liberia 1964 Liberia Robertsfield 06 13 53.02 10 21 35.44 Clarke 1880
Astro N w (2)
Ghana Ghana GCS Pillar 547 | 05 32 43.30 00 11 52.30 War Office
Accra N w (3)
Nigeria Nigeria Minna 09 39 08.87 06 30 58.76 E | Clarke 1880
N (2)
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Arc 1950 Africa Buffelsfontein 3359 32.00 2530 44.622 | Clarke 1880
(South of S E (2)
Equator)
Tananarive Malagasy Tananarive 18 565 02.10 47 33 06.75 E | International
(Antananarivo) | Rep. (Antananarivo S
Obsy 1925 Obsy)
World Sino-Soviet World
Geodetic Bloc Geodetic
System 1972 System
1972
Herat North Afghanistan Herat North 34 23 09.08 64 10 58.94 E | International
Astro N
Indian India, Kalianpur Hill 24 07 11.26 77 39 17.57 E | Everest (5)
Pakistan, N
Burma,
Thailand,
Southeast
Asia
Tokyo Japan Tokyo Obsy 353917515 | 13944 Bessel
N 40.502 E
Hu-Tzu-Shan Taiwan Hu-Tzu-Shan 23 58 32.340 | 12058 International
N 25.975 E
Luzon Philippines Balanacan 13 3341.000 | 12152 Clarke 1866
N 03.000 E
Kertau West Kertau 03 27 50.71 102 37 24.55 Modified
Malaysia N E Everest (6)
Timbalai East Timbalai 0517 03.548 | 11510 Everest
Malaysia N 56.409 E
Bukit Rirnpah Indonesia Bukit Rimpah 02 00 40.16 105 51 39.76 Bessel
(Bangka) S E
G. Serindung Kalimantan Ep. A 01 06 10.60 105 00 59.82 Bessel
N E
G. Segara Indonesia G. Segara 00 32 12.83 117 08 48.47 Bessel
(Kalimantan, | (P5) S E
East)
Montiong Lowe | Indonesia Montiong 0508 41.42 119 24 14.94 Bessel
(Sulawesi) Lowe (PI) S E
Australian Australia Johnston 25 56 13312 - Australian
Geodetic Memorial 54.5515S 30.0771E National (7)
Cairn
Geodetic New Papatahi Trig 4119 08.900 | 17502 International
Datum 1949 Zealand Station S 51.000 E
Guam 1963 Marianas Tagcha 1322 38.490 | 144 45 Clarke 1866
Islands N 51.560 E
Local Astrol World
Geodetic
System
1972
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3.3 Datum Transformations

3.3.1 Introduction

Equation-based transformation methods can be classified into the following basic four
methods. Having data in one datum and needing the coordinates in other is a common
task in geodesy, surveying and GPS. A transformation must be used to display
coordinates from a GPS receiver in any other datum than WGS84. Over any small
area (150x150 km), the transformation will be a constant shift in latitude, longitude
and height, neglecting scaling and rotation. But for countries with large areas seven

parameter are preferred; scale, 3 rotations around the 3axises and 3 translations.

There are three common methods of making these transformations from one datum to
on another. These methods are 3D similarity, Helmert and Moldensky method,

Figure (3.2) shows the basic parameters for datum transformation.

Figure 3.2: Datum transformation
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3.3.2 Least square solution

To solve the datum transformation problem, control points with known positions in
both datums have to be available. To solve the parameters, non linear least squares
solution method is used with basic matrix equation. For (m) number of observation

and (n) number of unknowns.

AX=L+V 3.1)

Where A is the matrix of coefficients multiplied by the unknown parameters

A= i 3.2
M M M M .2
aml am2 A amn
And X is the matrix of unknowns
dx,
X . dxz 3 3
=l 1 (3.3)
dx

And L is observations matrix, which is the difference between the measured values

and the computed ones using the initial values of the unknown parameters:

ll —110
L -1
L — 2 20 !
e (3.4)
lm _lm()
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V is the residuals matrix;

Multiply AX = L+V onleft by A" to get:

A"AX = AL

Where;

m m m
— 2 - -
n, = Zail n, = Zailai2 A on, = Zailain
i1 =1 =1

m m m
= - 2 .
By = Zaizail Mgy = Zaiz Aomy, = ZaIZain
i=1 i=1 i=l
M M M

m m
n, = Zainail n, = Zamaiz A
i=1 =1

When observations are not weighted, then:
X=(A"A"4"L
When weighted observation are used, then:

X =AW AT WL,

39
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3.3.3 3D Similarity 7-Parameter

This method is more complex and accurate datum transformation. The 3D similarity
7-parameter has seven parameter transformations that include three translation

parameters, three rotation parameters and a scale parameter.

Figure (3.3) : 7-Parameter Transformation

Parameters are: S, o, 9, k, Ty, Ty, and T, the equations for the 3D similarity 7-

parameter transformation are:

X =S(mx+myy+my,z)+ T, (3.11)
Y=S(m12x+m22y+m3zz)+Ty (3.12)
Z= S(rnl3Jc+m23y+m332)+TZ (3.13)
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In matrix form:

X my, m, m;|x T,
Y|=8my my m,|y|+ 1, (3.14)
Z My my, my, |z T,
X=8M-x+T, (3.15)
Y=8M p+T, (3.16)
Z=S-M-z+T, (3.17
Where;
X, Y, Z: point coordinatious in the target system
X, Y, z: point coordinatious in the source
S: scale
M: rotation matrix
X, ¥, z: coordinate system in second datum
T: translation matrix
m;; =COS@Cosk (3.18)
m,, =sin® sin g cos k + cosw sin k (3.19)
m;; =—CoS®Sin ¢ cosk + sin w sin x (3.20)
m,, =—cos¢@sink (3.21)
My, =—sin@®singsink + cosm cos k (3.22)
My; = COS® sin @sin k + sin @ cos k (3.23)
my, =sing (3.24)
my, =—sin® cos ¢ (3.25)
My; = COS® COS ¢ (3.26)

In the system of the equations, Séven-parameter require a minimum number of two
horizontal control stations with known X-Y and x-y-z coordinates, in addition to three

stations with known Z and X-y-z coordinates. If there are more than the minimum
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number of observations, a least-squares solution can be applied. The equations are

nonlinear with respect to the unknowns and must be linearized for a solution. The

following linearized equations for a full control point (Horizontal and Vertical)

Where;

(
(
[

F(&X) : axj
as ), o4 ),
oY\ (av\ (oY
%), (&) (%)

&) G (5
os), \ow), \o¢),

oX
ES’— = m“x + m2|y + ng
oY
5 =my,x+myy+m,,z
o0z
g =mpx+myy+my,z
oY
——= =S5 My y +my;z)
ow
oz
— = S(m12x+m22y+m322)
ow
oX
og
Y —
o¢
oz
og
oX
E = S(’"znx_mny)
oY
% =8(my,x —m,y)
oz
51: =8 (s x — mpsy)

£
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ds |
do
d¢
dx
dT

X

dT

Y.

dr, |

= S[- sin(¢) cos(k)x + sin(#) sin(k) y + cos(¢)z]

(3.27)

(3.28)

(3.29)

(3.30)

3.31)

(3.32)

(3.33)

S[sin(@) cos(#) cos(k)x — sin(w) cos() sin(k) y +sin(w)sin(g)z]  (3.34)

= S[— cos(w) cos(g) cos(k)x + cos(w) cos(¢)sin(k)y — cos(w) sin(¢)z] (3.35)

(3.36)

(3.37)

(3.38)
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The matrix solution is:

X=(A4"A)"A"L

( ds |
dw
d¢
X =| dx (3.39)
dr

X

dT

Y

4T, |

The seven-parameter are calculated after first iteration, an assigned as the initial value
of second iteration; where:

S=8,+dS (3.40)
o=0,+do (3.4
¢=¢ +de (3.42)
K=kKk,+dx (3.43)
T, =T, +dT, (3.44)
I, =T +df, (3.45)
I, =T, +dT, (3.46)

The rotation matrix M for the transformation is:

my  m, m;,
M=\my my, m, (3.47)

My My, my,

To calculate the elements of last matrix we must give initial values for the

parameters, using one point, normally, the following are useful.
S, =1

0, =¢,=k,=0
Lo=X-x), T,=(Y-y) ,T.,=(Z-2z)
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Then calculate the initial values of the observations.

And;

X, = (m“x+m21y+m3lz)+Txo
Y, = (ml2x+m22y+m322)+Tyo
Z,= (ml3x+ myy+ m33z)+ o

m;; =CoS@CoSk
=cosOcos0=1

m,, =sin@sin ¢cosk + cosw sin k&

=sin0sin0cos0+cos0sin0 = 0

m;; =—COSwSin ¢ cos k +sin w sin k°

=—c0s0sin0cos0+sin0sin0 = 0

m, =-—cos@sink
=-c0s0sin0=0
my, =—sin®sin @ sin k + cosw cos k

=—sin0sin0sin 0 +cos 0+ cos0 = 1

My; = COS@ sin @sin k + sin w cos k°
=¢0s0sin0sin 0 +sin0cos0 =0
my, =sin¢
=sin0=0
my, =—sinw cos ¢

=—-sin0cos0 =0

My3 = COS® COS ¢

=cosOcos0 =1

oxX
5 = m”x+m21y+m3lz =X
oY
g =Empxt+my,y+my,z=y
% =My X+ My YV + Wy Z = 2
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6_}’ ==S(mpux+myy+my,z)=—2 (3.63)
ow
oz
S =S(mpx+my,y+myz)=y (3.64)
ow
oX . : .
% S[-sin(g) cos(k)x + sin(g) sin(k) y + cos(p)z]=z (3.65)
- Ssin(w) cos(¢) cos(k)x — sin(@) cos(g)sin(k) y + sin(w)sin(g)z]
o9 ¥ (3.66)
=0
oz . A
% =8 [— cos(w)cos(gp) cos(k)x + cos(w) cos(g)sin(k)y — cos(a))sm(¢)z]
=—X
oX
—=S(m21x—m“y):—y (3.67)
ok
oY
EzS(mzzx—muy) =X (3.68)
0z
E=_S(m23x_ml3y):o (3.69)
The linearized equations of each control point, at first iteration one:
- [ dST
[2—’; 0 Z—XJ %) 10 0fdo
oy (o a¢0 ory Wi EA)
(a‘g (6—)/) 6—YJ E) 0 1 0|l de | = Y- Y:) + Vy
0 \O@h \0d), : dT, Z-7Z,| |v
oz oz oz oz N :
@
L 0 0 0 0 J_d];J
[dS ]
do
x 0 z -y 1 0 0] dg X=X
Yy =z 0 x 01 0fdx|= Y- (3.70)
z y —x 0 0 0 1/dT. =Ly
d,
4T |
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Then calculate matrix X and calculate the seven parameter S, o, ¢, k, Ty, Ty, and T,

S=S§ +dS
0w=0,+do
$=¢,+dg
K=Kk,+dx
I, =T, +dI,
v =T, +dT,
T, =T, +dI,

3.3.4 3D Similarity 6-parameter methods

The 3D similarity 6-parameter transformation has six transformation parameter that
include three translation parameters, and three rotation parameters. The scale factor is

fixed to equal one, and used as constant.

Figure (3.4) : 6-Parameter Transformation
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The equations for the 3D similarity six-parameter transformation are:

Xz(m“x+m21y+m3lz)+Tx (3.71)
Y=(m12x+m22y+m3zz)+ Ty (3.72)
Z =(myx+myy+myz)+T. (3.73)

In matrix form:

X my  m, my|x L

Yi=Imy my, my|y|+ T, (3.74)
Z My My My |z T,
X=M-x+T, (3.75)
Y=M:y+T, (3.76)
Z=M-z+T, (3.77)

Where;

X, Y, Z: Coordinate system in first datum

S: scale , is not assigned while it equals to one.
M: rotation matrix

X, ¥, z: coordinate system in second datum

T: translation matrix

The equation for six-parameter can obtain by 3D similarity seven-parameter

transformation
X=S(m“x+m2[y+m3lz)+Tx (3.78)
Y=S(m12x+m22y+m3zz)+ T, (3.79)
Z =S(ml3x+m23y+m33z)+Tz (3.80)
When;
S=1

In the equations, six-parameter require a minimum number of two horizontal control

stations with known X-Y and x-y-z coordinates, in addition to three stations with

47



CHAPTER 3

DATUM&DATUM TRANSFORMATION

known Z and x-y-z coordinates. If there are more than the minimum number of

observations. a least-squares solution can be applied. The equations are nonlinear

with respect to the unknowns and must be linearized for solution. The following

linearized equations for a full control point are:

T de

d¢
dx
dr

X

dT

Y

dT,

A

I 0 G_XJ (G_X) 1 0 0
os ), ok ),
) 5] &
ow ), \ 04 3 ok J,
(‘Zj o (a_zj 0
\ow ), | 0¢ o Ok ),
Where;
a_Yz —(myyx+myy+ ms z)
ow
0Z
—= (m12x+m22y+m322)
ow
oX ; : .
s [~ sin(#) cos(k)x + sin(g) sin(k)y + cos(¢)z]
ar _
op

XO vx

Y, |+|v, (3.81)

Zy 12
(3.82)
(3.83)
(3.84)

[sin(a)) cos(¢) cos(k)x — sin(@) cos(¢) sin(k) y + sin(w) sin(¢)z] (3.89)

Z—i = [— cos(@) cos(¢) cos(k)x + cos(w)cos(g)sin(k)y — cos(w) sin(¢)z] (3.86)

oX
E = {my,x —my,y)
oY
5; = (mzzx"mlzy)
oz
E = (myx —my;y)

This matrix from of the solution by least square is:

X=(A"4)"4A"L
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[ dS ]
dw
dg
X =| dx (3.91)
dr,

x

dT

y

| dT, |

The six-parameters after the first iteration are calculation as in the equations (3.92-

3.97), and initial value of second iteration equal:

0=0,+do (3.92)
b= p,+d (3.93)
K=K,+dk (3.94)
I,=T,+dT, (3.95)
T, = T, +dT, (3.96)
T, =T, +dT, 3.97)

To calculate the elements of the matrixes, we must give initial values for the

parameters, the following can give good results normally in GPS and Geodesy

O

0,=4,=x,
=X -3, T,=(r-3) T, =z~

Then the initial values of the observations are calculated using the initial values of the

unknown parameters:

X, = (m“x+m2,y+m3lz)+Txo (3.98)
Y, = (mlzx tmy,y+ m3zz)+ Tyo (3.99)
Z,=(myx+myy+myz)+ T, (3.100)

{(PPU)

| ;
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Where;

m;, =cos@cosk

=e

0s0cos0 =1

m,, =sin® sin ¢ cos k + cosw sin k

=sin0sin0cos0+ cos0sin0 = 0

myy; = —COS®@Sin ¢ cos k + sin w sin k°

—c0s0sin0cos0+sin0sin0 = 0

m,; =—cos¢sink

—cos0sin0 =0

My, =—sin®sin@sin k + cos® cos k

=—sin0sin0sin 0+ cos0 + cos 0 = |

Higy, =i

0S@sin ¢ sin k + sin w cos k&

=¢0s0sin0sin 0 +sin 0cos0 = ()

my, =sing

=sin0=0

My, =—sin® cos ¢

=—sin0cos0 =0

M43 = COSW COS ¢

=cosOcos0 =1

And;

oY

T ==S(myx+myy +myz)=—z

ow
oz

—— =8(m,x+ my,y +my,z) =y

ow

R . S[-sin(g) cos(k)x + sin(g)sin(k) y + cos(g)z]=z

o

oF 8
of

[sin(a)) cos(¢) cos(k)x — sin(w) cos(¢) sin(k) y + sin(w) sin(¢)z] =0
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5_2_
og
ax
Ok
oY
E = S(mzzx —m,y)=x
0z

ok

=S (myx —my, y) = -y

=-S(myx - mgy)="0

=5 [— cos(w) cos(@) cos(k)x + cos(w) cos(g)sin(k)y — cos(w) sin(¢)z] =—x

The linearized equations of each control point in the first iteration is:

i Tdo]
0 —aaij (%) 1 0 0 d
4 0 0 7 X-X, v,
BYY TeE) RN 5 g gl Y-, |+|v (3.101)
o), \og) oK), dr, ’
oz Y4 oz ag | 2% I»
52 (5) () 00|
| ow), \0¢ L ok ), J_deJ
[do]
d¢
0 z -y 1 0 0 X ~X, v,
dx
=iz 0 X 0 1 0 dT = Y—YO + vy (3102)
¥ == 0 001 22| |n
ar,
_de_j

Then calculate matrix X, and the six parameter o, ¢, k, Ty, Ty, and T, are calculated

as follows:
o0=0,+do
¢=4¢,+d¢
K=K, +dx
T, =T, +dT,
I, =¥ +dI;
T, =T, +dI,
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3.3.5 3D Similarity 3-parameter

The simplest datum transformation method is three-parameter transformation or a
geocentric translation. When the minor axes of the ellipsoids are assumed to be
parallel, to transform assuming that rotations are zeros, then shifts (Tx, Ty, Ty) are
defined from source geocentric coordinate system to target geocentric coordinate
system or from a local datum to WGS 1984 or another geocentric datum as common
in GPS. The three parameters are linear shifts and are always in distance units, and

usually called datum shifts.

Figure (3.5) : 3-Parameter Transformation
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The mathematical model for the 3D similarity three-parameter transformation is:

X=x+T,
Y=y+T, (3.103)
Z=z+T,

In matrix form;

X X Vo
Y [=|y|+ i, (3.104)
Z z T,

This equation can be obtained from 3D similarity seven-parameter transformation

XZS(mllx+m21y+m312)+7;
Y:S(m12x+m22y+m3zz)+Ty
Z= S(ml3x+ L ey m332)+Tz

When;
S=1

The least squares solution as linear solution:

AX =L+V

1 00 s X v,

01 0 Ty =Y |+ v, (3.105)
0 0 1 T, VA v,

The final solution of the unknowns is:

X=(A"A)" AL
dr,

X =|dr, (3.106)
dT,

z
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The 3-parameter after first iteration, are calculated in equation (3.107), initial value of
second iterationuse the final results of the first iterat:

T =T, +dT.
Iy=I, +dT, (3.107)
T, =T, +dI,

In Palestine-1923-Grid, the transformation is defined by three translations. The values
of the translation are taken from Ttrimble geomatics office software. According to the

following equations:

X Palestine-1923 = X wassa T AX
Y putestine-1523 = Ypgsss +AY (3.108)

z Palestine—1923 — ZWGS84 +AZ

Where;

AX=230.00m, AY=71.00m, AZ=-273m

3.3.6 Helmert transformations

The Helmert transformations parameters are three linear shifts (TX, TY, TZ), three
angular rotations around each axis (rx, 1y, 17), and scale factor(S). The rotation values

are given in decimal seconds.

X T, 1 v, —nl|lX
Y =Ty |[+8:|-r, | Py |\ F (3.109)
new 4 Ty ~Tx 1 4 original
X,,esz(X+rz-Y—ry-Z)+TX (3.110)
Y,,esz(—rZ-X+Y+rx-Z)+Ty (3.111)
Z,,esz(ry-X—rx-Y+Z)+TZ (3.112)
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Where;

A least

X, Y, Z: point coordinatious in the target system
X, Y, Z: point coordinatious in the source

S : scale factor

Ix, Iy, Iz : angular rotations

Tx, Ty, Tz : linear shifts

-Squares solution can be applied. The equations are nonlinear with respect to

the unknowns and must be linearized for a solution. The following linearized

equatio

Where;

ns for a full control point (Horizontal and Vertical)

() (&) (&) (2) 1o o]
s ), \or,) \or,) \or. ) er
’y X_XO vx
oY (24 (28 or 0 1 0f=!l= Y-, l+|w (3.113)
oS or or or ’
0 */0 ¥ 7 =70 dT, Z-7,| |v
(azj [az) oz %Z) o o 1lar
e R e = Y
| as ), \or, ), or, s \or. ), J_ aT. J
ox
—=X+rzY-rp.Z 3.114
TS ry (.114)
oY
—=-rzZX+Y+mZ 3.115
PY: (.115)
o4
— = X-mY+Z 3.116
PR ( )
X _y (3.117)
Oorx
d
A gz (3.118)
Ory
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S_X sy (3.119)

¥z

657’; =Sz (3.120)

§_Y=o (.121)
ry

S—Y S (3.122)
| 4

S—Z =-SY (3.123)
rX

S—Z =SX (3.124)
ry

%z _, (3.125)
orz

The matrix solution is:
X:(ATA)"'ATL (3.126)

[ dS T
dr

X

dr

b4

X =|ar (3.127)
dT

X

dT

y

dT, |

The Helmert 7-parameter transformation are calculated after first iteration, an

assigned as the initial value of second iteration; where:
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§S=8 +dS (3.128)
rx =rx, +drx (3.129)
ry=ry, +dry (3.130)
rz=rz, +drz (3.131)
T =T, +dT, (3.132)
I, =T, +df, {3.133)
T, =T, +dT, (3.134)

3.3.7 Molodensky method

The Molodensky method is a complex formula for the shift in latitude, longitude and
height. The number of parameters in this method is small. It converts directly
between two geographic coordinate systems without converting to an X, Y, Z system.
This method have three shifts (AX, AY, AZ) and the differences between the semi-
major axes (Aa) and the flattening (Af) of the two spheroids. The system
automatically calculates the spheroid differences according to the datums. Solve for

A) and A®. The amounts are added automatically by the system.

3.3.7.1 Vector Viewpoint of Molodensky Transformation

The Molodensky transformation is based of all differences due to:
1. A shift in origin by a vector with components (AX, AY, AZ)
2. A difference in ellipsoids of size, Aa and flattening Af

The unit vectors in the east, north, and up directions as coming from topocentric

system, and are written as follows:

A

e, =(-sin4,cos 1,0) (3.135)
;N =(—sin¢cos1,—sin¢sinl,cos¢) (3.136)
2,, =(cos¢cos/1,cos¢sin l,sin¢) (3.137)
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The dot product of the unit vectors is used to obtain the origin shift A The distance

units for the shift in East, North, and up is:

AE=c, oA (3.138)
AN=c, o a+22 2R cosgsing +Af[%RM +2RNJc0s¢sin¢ (3.139)
a a
AH:(A;UOX—AaRi+AféRN sin” ¢ (3.140)
a

N

The procedure for the East-Change is to convert it to arc-seconds of longitude and to
convert North-Change to arc-seconds of latitude. This is done with the correct radius

of curvature and the sine of one arc-second.

The scaling lengths are:
L, =(Ry +H)cosgsinl’ (3.141)
Ly =(R,, +H)sinl' (3.142)

The equations are found by dividing scaling lengths by these values:

ar =4E (3.143)
E

Af =2 (3.144)
LN

3.3.7.2 The Usual Statement of the Molodensky Transformation

The Moldensky transformation give directly the shifts in latitude, longitude, and

height. The angular values are in arcseconds. These formulas will be given:
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—AXsin¢cos/1—AYsin¢sinl+AZcos¢)

b .
+ EA?(RNez sin g cos ) +Af(ZRM + RN)sm¢cosqo
a a

Ao = _ 3.145
d [(R,, +h)sinT’] G149
AL = {~ AX sin A +AY.cos")¢} (3.146)
{(RN + h)cos@sin W
Ah = AXcosq)cos/1+AYcos¢>sin/1+AZsingo
.14
—&.1+Afbﬂsin2¢ (3 147)
Ky a
This is often shortened to the Abridged Molodensky Transform given by:
v | —AXsi A—AYsi in A
Ap' =| O SIMPCOS SNPSRA IR, sintY] (3.148)
+AZcosp + (aAf + an)
AL"= [—AXsin/1+AYcos/1]/[RN cospsinl"| (3.149)
Ah = AX cospcos A + AY cospsin A
(3.150)

+AZsing —Aa+(adf + fAa)sin® ¢

Here;

h ellipsoid height (meters)

¢ latitude , A longitude in the source system

a semi-major axis of the spheroid (meters)

b semi-minor axis of the spheroid (meters)

f flattening of the spheroid, e eccentricity of the spheroid

RM and RN are the meridian and prime vertical radius of curvature,
respectively,

at a given latitude. The equations for RM and RN are:
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In matrix form;

A¢"
L=| AA"
Ah

The least squares solution as linear solution:

AX =L+V

[ —sinpcosA  —singsin A

cos ¢

(3.151)

(3.152)

.

R, sinl"
—sin A

R, sinl"
cos A

R, cosgsinl"
cospcosA

R, cospsinl"
cos@sin A

The final solution of the unknowns is:
X= (ATA)"'ATL
AX

AY
AZ

X

Where:

a(l—e)

2
2

(l —é’sin qo)%

RM =

o A
(1 — e’ sin’ q))%

Aa - aTargel .

Af = fTarget

asource

ﬂaurce
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sin1"
0 (3.153)

sin ¢

(3.154)

(3.155)

(3.156)

(3.157)
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The advantage of Moldensky over similarity transformation is that we can easily
separate horizontal position (A, ) and the vertical position (n), while there is no need
to refer to the Geocentric coordinates X, Y and Z, in addition on difference in the

ellipsoid used are included in the transformation.
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4 USING THE GEO-TRANSFORM

4-1 Introduction
4.2 Using the Geo transform

4.3 Starting geo transform for using datum transformation
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CHAPTER FOUR
USING THE GEO-TRANSFORM

4-1 Introduction

The geo transform is a tool programmed using visual Basic 6 programming language.
This tool has the following functionalities; the first is to transform from Geographic
coordinates (A, ¢, h) to geocentric coordinates (X, Y, Z), Where the same ellipsoid is
used. The second is to transform 3D geographic or geocentric coordinates (A, @) to 2D
projected (Grid) coordinates (Easting, Northing), the used map projection in this
transformation tool are: Cassini, Transverse Mercator (TM) and Universal Transverse
Mercator (UTM). The Third is to apply the reverse transformation of the first and

second functionalities.

In addition, a separate datum transformation tool is to be built to calculate the datum
transformation parameters using different datum transformation methods similarity 7-
parametres,  similarity = 6-parameters,  similarity = 3-parameters, Moldensky

transformation and Helmert transformations.

In this tool three Basic map projections are used; Cassini, Transverse Mercator TM,
and universal Transverse Mercator UTM. In Palestine there are four map projection
and coordinate systems used, These are Palestine 1923 Palestine Grid,
Palestine_1923 Israel CS_Grid, palestine 1923 Belt, and Israel TM Grid. Where

each coordinates system has its own projection parameters.

The Geo transform is a program capable to:-
1. Transform from Geographic coordinates (A, @, h) to Geocentric coordinates
(X, Y, Z) on an ellipsoid.
2. Transform from Geocentric coordinates (X, Y, Z) to Geographic coordinates

(A, @, h) on an ellipsoid.
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3. Transform from Geographic coordinates (A, ¢) to projected coordinates
(Easting, Northing), for Cassini, Transverse Mercator TM, and universal
Transverse Mercator UTM using a coordinates system.

4. Transform from Projected coordinates (Easting, Northing) to Geographic
coordinates (A, @) using Cassini, Transverse Mercator (TM) and Universal
Transverse Mercator (UTM) using a coordinates system.

5. Calculate the datum transformation parameters using different
transformation method; similarity 7-parametres, similarity 6-parameters,
similarity ~ 3-parameters, Moldensky transformation and Helmert
transformations.

6. Transform the coordinates between different coordinates systems.

4.2 Using the Geo-transform
Using the Geo-transform program:-
The use of the Geo-transform program & its different steps are shown in the following
sections.
4.2.1 Transform from geographic to geocentric coordinates for a single point:
1. Open the geo-transform program.

2. Click on coordinates menu & then select coordinates conversions.

W Geo-Transform

ordinates JREEN
Coordinates Conversions Ctri+C

fig(4.1) coordinates menu

3. Choose a single point key.
4. Choose the lon, lat, h key.
5. Enter the value of lon, lat & there direction, then enter the value of h.The

direction of lon is East or West, but the direction of lat is North or South.
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lon Lat h==>XY Z T K'Y Z==>LonLath T Projection - Direct T Projection - Inverse
Input File
‘e Single point
" Points File
Input Point
R i v
h
Ellipsoid
Selea:t Ellipsoi v
Clarck 1880
GRS80 300.79
GRS67
WGESS84 PSNE RS e aed
user define 566.435
Calculate XYZ |
Output
X Y z

fig(4.2):lon lath=>X)Y,Z dialog

6. Select the ellipsoid you need, & then the value of a&b will appear according
to the type of ellipsoid you select, but if you choose the user define you will
enter the type of ellipsoid & the value of a&b.

7. Press the calculate key to have the result

Example (1):
1-In this example we choose lon, lat, h =X, Y, Z.
2-Choose a single point.
3-Enter the value lon=45 & the direction of it East, then enter the value of lat
=45 & its direction North. Enter the value of h=0.
4-Select Clarck 1880 ellipsoid, then the value of a&b will appear.
5-Press calculate key, then the value of X, Y, Z will appear as in fig (4.3).
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ety e e e

lon.Lath==>XY 2 T XY Z==>LonLath T Projection - Direct | Projection - Inverse

Input File
* Single point
= Points File
Input Paint
n f45 Eat v,
&t 45 Noth «
h 1o
Ellipsoid
(Clarck 1880 ]
a
b o L

.......................................

Output

X [319458860521907 Y (3194586056743 2 [44870935511734

fig(4.3): lon.Jat h>XY.Z dialog

4.2.2 Transform from Geocentric coordinates to Geographic coordinates for a

single point:

k.
2.
3.

Choose the X Y Z =»Lon, lat, h.

Choose a single point key.

Enter the value of the variables X Y Z .

Select the ellipsoid you need & the value of a&b will appear according to
the type of the ellipsoid.

If you finish entering the information presses calculate key & the value of

lon lat h will appear with their direction.
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lon,Lath==3XY Z T XY Z==>Lon Lath T Projection - Direct T Projection - Inverse
Input File
* Single paint
"~ Paints File
Input
> it o i
Z
Ellipsoid
Clarck 1880 ¢
Bessel
GRS80 b
WGSB#h \
user define Uiate fon, lat.h |
B
lon
& ‘
h
fig(4.4): X,Y,Z~>lon,lat,h dialog
Example 2:

1. In this example we choose X Y Z=»lon lat h

Choose a single point.
Enter the value of X=3194419.1444 | Y=3194419.145 , Z=4487348.409
Select Clarck 1880 ellipsoid & the value of a&b will appear directly.

S e

Press calculate key ,then the result will appear in the screen.
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lon Lat h==>X Y Z T XY Z==>Lon.Lat,h [ Projection - Direct T Projection - Inverse

Input File
fe Single point
"~ Points File
Input
X 13194091444 Y 13194419145
Z 4487348409
Ellipsoid
(Claick 1880 v
=
b R
calculate lon, lat, h
Dutput

lon [44.9993939955 [

lat (450031464679

h 107804521270

fig (4.5): X.Y,Z->lon,lat,h dialog
4.2.3 Transform from Geographic coordinates (A, @) to projected coordinates
(Easting, Northing) for a single point:
1. Choose the projection-direct key.
2. Choose the single point to enter one point.
3. Enter the value of lat & its direction,& the value of lon & its
direction.
4. Choose the coordinate system you need, if you choose:
e Palestine 1923 Grid the projection will be Cassini & the ellipsoid
will be Clarck 1880.
e Palestine-1923-Israel-CS-Grid, the projection will be Cassini & the
ellipsoid will be Clarck 1880.
® UTM .the projection will be Transverse Mercator & the ellipsoid

will be enabling & you will enter zone number.
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e Palestine-1923-Belt, then the projection will be Transverse
Mercator & the ellipsoid will be Clarck1880.
e Israel-TM-Grid, then the projection will be Transverse Mercator, &
the ellipsoid will be GRS80.
e Users define, you will choose Cassini projection or Transverse
Mercator, & the ellipsoid will be enabling.
5. Select the ellipsoid you need & the value of a&b will appear directly.
6. Enter the value of the projection parameter FE, FN, lat0, lon0, kO.

7. Press the calculate key to have the results.

|
lon,Lath==>XY Z T RY Z==>LonLath T Projection - Direct T Projection - Inversell

Input File

+ Single point
~ Points File

Input lon |, lat

lat (3150526858  [South | lon 13508906226  [west +!

Coordinate System
[Fale
Falestine 1923 Grid

Palestine_1923 _Israel_CS_Grnid
UTM

Ellipsoide

palestine_1923_Belt a b |
Israel_TM_Grid
user define
Projection Parameter
| lat0 ! KD |
e e ol
Calculate easting,northing *
Output
Easting e i Mo, [ s

fig (4.6): projection-direct dialog

Example (3): If you select Palestine-1923-Grid
a. Select projection-Direct key.

b. Choose a single point.
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c. Enter the value of 1at=31.505 & its direction north, the value of
lon=35.089 & its direction east.

d. Select Palestine-1923-Grid.

e. The ellipsoid will be clarck 1880 directly.

f. Enter the value of projection parameters, FN=126867.909,
FE=170251.555, 1at0=31.734 & its direction north, lon0=35.212
& its direction east, kO=1.

g. Press calculate key to show the result.

lonLath=>XYZ | XYZ=mlonlsth |  Projection -Ditect | Projection - Inverse

Input File

+ Single point
Paints File

Input lon | lat
lat [31.50526858 Noth | lon (3508306226  [East

Coordinate System

Palestine_1923 Gid v
Ellipscide
a b |
Projection Parameter
FN | -
N | lat0 KO |
FEL [y oy 855, lon0 [ =

L Calculate easting.northing ,]

Output
Easting 158566 61465794 y Nothing 101502 925748367

Fig (4.7): projection-direct dialog
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Example (4): If you select UTM
a. Choose Projection-Direct

b. Choose single point.

c. Enter the value of 1at=31.50526858 & its direction North, the value of
lon=35.08906226 & its direction East.

d. Select the UTM coordinate system,& then enter the zone number=36.

e. Select the ellipsoid you need,

here we select GRS80.

f  Enter the projection parameters, FN=0, FE=500000, lat0=0 & its
direction North, lon0=33 & its direction East, k0=0.9996.

g. Press the calculate key to show the result.

Projection - Inversq

lon Lath==>XYZ I XY Z==rLonLath ] Projection - Direct I
Input File
‘e Single point
~ Points File
Input lon , lat
lat [31.50526858 Notth  » | lon 3508906226 [East
Coordinate System
Ellipsoide
(GRS80 ) L b 50
Projection Parameter
e a1 e
FE on0f -~ [East |
Calculate easting horthing
Output
Easting |598395.35437982 Northing  [3467491.18380941

fig(4.8): projection-direct dialog

Example (5):If you select Palestine- 1923-Belt

a. Choose Projection-Direct key.
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b. Choose a single point key.

c. Enter lat=31.50526858 & its direction is North, Lon=35.08906226
& its direction is East.

d. Select Palestine -1923-Belt,then the projection will be directly
Transverse Mercator.

e. The ellipsoid will enter directly Clarck 1880.

f.  Enter the projection parameter,
FN=1126867.909,FE=170251.555,1at0=31.734096944 & its
direction North,lon0=35.2120605555 & its direction East,k0=1.

g. Press the calculate key to show the result.

lon Lat.h==>XY Z T XY Z==>Lon Lath T Projection - Direct L Projection - Iny

Input File

‘» Single point
Points File

Input lon | lat
lat  [31.50526858 Notth | lon [3508906226  [East |

Coordinate System

palestine_1923 Bet  +|
Ellipsoide
- s I b i

Projection Parameter

FN lat0 IR e

N e or0 hld b

Calculate easting,northing
Output
Easting |159566.6081015 Nothing 1101502.92574833

fig (4.9): projection-direct dialog
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4.2.4 Transform from projected coordinates (Easting,Northing) to Geographic
coordinates (A,@) for a single point:
1. Select Projection-Inverse key.
In input file check a single point.
Enter the value of Easting & Northing.
Select the coordinate system you need
Select the ellipsoid you need & then his parameter will enter directly.

Enter the value of the projection parameters FN, FE, lon0, lat0, kO.

MOS8 s W

Press the calculate key to show the result.

I
ILn,Lat,h::)X Yz T XY Z==>Lon,Lath T Projection - Direct T Projection - Inverse

Input File

‘e Single point
"~ Points File

Input
Easing [ Northing

%Tlansverse Mercator v |

Palestine_1923_Israel_CS_Grid

Ellipsoid UTH
Cl palestine_1923 Belt s b |
lsrael TM_Grid
Projection Parameter
FE | lat0 | S North , D R
S A e East v
Calculate easting.northing !
Output
o S e on

fig(4.10): projection-inverse dialog

Example (6): If you choose Palestine-1923-Israel-Cs-Grid coordinate system
1. Click Projection-Inverse type.

2. Ininput file click single point.
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3. Enter the value of Easting= 158564.715 ,Northing= 101502.928

4. Choose Palestine-1923-Israel-Cs-Grid coordinate system then the
projection will be Cassini directly.

5. The ellipsoid will be selected directly Clarck 1880 & his parameter a&b.

6. The value of projection parameter will enter a lone too.

7. Press calculate key to show the result.

| |
lonLath==>XY2 | XYZ=mlonlath |  Projection-Diect | Projection - Inverse|

Input File

‘e Single point
" Points File

Input
Easting [159564.715 Nothing 101502928

Coordinate System
|Palestine_1923_Israel_CS_Grid |

Elipsoid

Projection Parameter
e a

N lon0

Calculate easting,horthing

DOutput
lat [224799520614851 || lon 350985018528565

fig(4.11): projection-inverse dialog
Example (7) :If you choose User define :
1. Click projection-inverse.
2. In input file click single point.
3. In the input enter the value of Easting & Northing.
4. In the coordinate tape choose user define 7 enter what do you need & your

projection will be Transverse Mercator or Cassini.

2

Select Bassel ellipsoid for example & you can select any one you need.
6. Enter the value of the projection parameter you have .

7. Press calculate key to see the result.
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lonLath==>XYZ |  XYZ=slonlath |  Projection-Diect | Projection - Inverse

Input File

‘o' Single point
" Points File

Input » S P AT
Easting [158564.715 Northing (101502 328
CoordinaheSystgm ) T
;;user define > T 1ansverse Mercato
Ellipsoid sverse Mercator
Bessel S ;_E K s = b

Projection Parameter
FE 170251555 lat0  {31.734097 Noth | g

I
PN [i26s67509 ~ ln0 3212081 [Eat <]
Calculate easting.northing
Output
& (3150568579888 | | lon [35089044867591 | |

fig(4.12): projection-inverse dialog

4.2.5 Transform from Geographic coordinates to Geocentric coordinates for a
point file:

1. Select lon,lat,h2>X)Y,Z.

2. Select point file.

3. Press select input file tape.
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lon.Lat,h==>XY Z [ XY Z==>Lon Lath T Projection - Direct T Projection - Inverse

Input File

~ Single point
‘e Points File

Ellipsoid
|Select Ellipsoid -
a  [g37s300.79
b [g35e566.435

fig(4.13):lon,lat,h->x,y,z dialog

4. Select lon,lat,h=»XY,Z folder.

o e e i s

geo;TmnstOtm S A5

lon.Lat
Ve FYLR Gl )
oo 1o:0¥ Y/ 01674 e LY &30
: &‘ . YT paadl
s
Slistad
%3
Somes jg
i File name: ‘geotjaphi:-inpul 7 7 ~
w‘, ‘ ok
) ” ; o ioien e Cancel

fig(4.14):open dialog
Press open key.
Select the geographic input file,then press open key.
Select the ellipsoid you need from the main dialog.

press select output file tape,& then save as.

L RO

You will have the result you need in the file you save in
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i BT P et A A Y i A i

3 e A A s Syl 5

=¥ Geo-Transform

Savein [ bnlathxyz |

File name: | geocentric-output 7

[PUEX Y h ()

Save as type:

® cof B-

fig (4.15):save as dialog

Example (8):
1. Press lon, lat, h=»X, Y, Z key.
2. Press point file key.

oordinates D atum
lonlath=->XYZ | XYZewlonlath |  Projection-Diect | Projection- Inverse
Input File
" Singe point
@ PonsFle omctinpuFie | Select Dutput Fle |

fig(4.16):lon,lat.h->xy,z dialog
3. Press select input file tape.

4. Select geographic input files, and then click open.
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L

lonlath==>XYZ |  XYZ=slonlath | Projection - Direct Projection - Inverse

Input File

s j
wl il
%3
Fanelll ja
g File name: ]:geogaphcml v l Open I

fig (4.17): open dialog

5. You will return to the main diagram, now select Bessel ellipsoid.

6. Press Select output file.

7. You will have this diagram, click geocentric-output, & then save.

— e
iSub galpe  Save astype: [PH#EXY h (“tst) - Cancel

‘4 File name: Mcwpu( v

fig (4.18): save as dialog
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8. We will have the result in the file we save in., open lon, lat, and h2>X| Y, Z

file.
- . A S 3
v[is i Sl iy &
C:ADocuments and Settings\PALFUTA\D esktop\SumiaManar 2352008 |
code calculate parameter fl wlilxally wlaladl p
3 Sleodl 138 d.0wibale)
) shxodl 138 &5
J t sfi { |
o Jat hes v 2] datum_transformation ol P
w8 o) lzodl B i
Slzeodl 158 &S)Liw

projection-inverse | projection-direct
— el alzod] 1d Oldlo Yl

8 SIY

EYETN RV RE-ECS

®y.z-lon lat.h | wirword

SumiaManar 23-5-2008 Sl

[ RFCawY ||

A5y 010 Olakiwn

fig (4.19): result dialog
10. Click on the geocentric output, & the result will appear.

(1] e Loy 5 -

C:\Documents and Settings\PALFUT\Desktop\SumiaManar 23-5-2008\lon lath-xy.z )

geographicinput [

peocentnc-outp
e Sk

Ol adxally Oladall plpo

L

bl 13D &0 Sxlc) @I
ol 130 J&i iy
calodl 138 Zeus [

lon.lat h-x.y.2

fig(4.20):result dialog

Slaled o peald e wile

YAYYAY ALVQINY— I),0M VY- Voteaa
* LELAARIRAAQAL YEY

ATYYEY - YYoTANR —

Fig (4.21): example 8

4.2.6 Transform from geocentric coordinates (X, Y, Z) to geographic coordinates

(lon, lat, h) for a point file:
1. Press X, Y, Z->lon, lat, h key.

2. In input file select points file.

3. Press select input file.
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¥ Geo-Transform

X

Projection -Diect | Projection - Inverse

nlath=>XYZ | XYZ=olonlath |
Input File
® Foints File Select Input File |
Elipsoid
user define — on =",
4  |6378300.79
b (6356566 47000004

Fig (4.22): coordinate conversions dialog

4. Now you will have this diagram, you should choose x, y, z=>lon, lat, h, then

open.

Look in: | ) SumiaManar 23-5-2008 ~ e Be¥E-
b, _calculate parameter
J __code
§ g Slatisdd ) datum_transformation
N _lonjath-xy.z (]
E __ projection-direct
- __J projection-inverse
wiSel o . winword
7 .- SumiaManar 23-5-2008
Slaunel
w3
HameSll g I
W Femme [osogancnou -]
. g "
i8ub golge  Files of type: PU#t Lon Lath (") 3 _ Cancdl |

Fig (4.23): open dialog

5. You will have a new diagram, select geocentric input file, then open.
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Geo-Transform ;
lookim | xpzdoniath v @@ FE-
5 El geocentric-npt
) [ | geographic-output. txt
8 Slastionadl g0 2 fon Jath
5 I
Sl aisal
L)
Pl Sl
e |
WS aodlge  Files of type: lPtﬂLonL;(hF] - n 'f Cancel |
—_ =

Fig(4.24):0pen dialog

6. After that you will return to the main dialog, select the ellipsoid you need.

7. Click select output file, & you will have this page. Click in the geographic
. output file & then save.

5\ [ geocentricinput

£
ﬁ‘l geographic-output txt

s/
Clailsell
w3
HouaSll g

W e mecomn o o]

. ) — e
iSehgaly Savesstype Pitlonlath(“t) ~] Cancel

Fig (4.25): save as dialog
8. Now you can see the result in the file you save in.
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Example 9:
1. Select x, y, z=>lon, lat, h.

2. Click on points file.

¥ Geo-Transform
lnlath==XYZ |  XYZ-loniath |  Projection - Diect
Input File

" Single point
e SelectInputFle | Select Dutput Fie |

| Projection - Inverse

Ellipsoid
{usel define o ¥] g :
8  |6378300.79

b |6356565.43000004

Fig(4.26):geo transform dialog

o e A 50

¥ Geo-Transform.

Lookin: | _, SumaManar 2352008  +| 4= (&) o FB-
:_ __ calculate parameter
___) _Jcode

S Sodusal ) datum_transformation
_Jlonjath-xyz

{ﬁ ) profection-direct
__ projection-inverse
S gl . winword

7 -+ SumiaManar 2352008
Sl aioal
T
Pl Sl
File name: |geographic-input )
S0 galge  Files of type: [P LonLathrn) v Cancel |
e e e

Fig(4.27):open dialog
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4. Click open & then you will select geocentric input file, then open.

acentnc-input
J aphic-output. tet
Sl Cladased Ly o jonlath

4

Sl aisel
w3
Somell slga
w File name: };eocembhput i 'j | Open l
e - e - — 1 :

Fig (4.28): open dialog
5. Now you will return to the main diagram, select clarck 1880 ellipsoid.

6. Press select output file.

~8 Geo-Transform

bnlath=>XYZ | XYZewlonlath | Pigection Disct |
Input File

" Single point
* Points File

SelectInput File | Select Output File |

Fig (4.29): geo transform dialog
7. Anew page will appear, click on geographic output file & then save.
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Ay
@l 2wl
(l
%3
ol 5lgs
w File name: {DOWWOLWN o '
N D T —— —

Fig (4.30): save as dialog

8. Now you can see the result from the file you save in like this.

wilalaodl g wialad! plao

bzl 136 Gos bsle) @
shxoll B a5 iy

lon lath-x.y.2 { datum_transformation f i
ol 132 guws [
a8 o) alxall Ld yio &)
alzodl A d5)Lio g

Apaly alxadl 130 GISE6 ULy
wgSIYl
Alzall 3B Gar

projection-nverse / projection-direct f

Fig (4.31): results dialog

vD Slalang doy ; MG

C:\Documents and Settings\PALFUT\Desktop\SumiaManar 23:5-2008\x.p,2-lonJath )

gengraphic-output byl

e Cladally Claladl plpo

cilall 38 deousbalc) W

waloll b Jai iy
alodl 130 Zeai [

xy.2-lon Jat.h

Fig (4.32): results dialog
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3,540l - geographic-output txt £

Fig (4.33): results dialog

4.2.7 Transform from geographic coordinates(A,¢) to projected (Easting,
Northing) for a point file:

1. Press projection-direct tape.

2. Select point file.

¥ Geo-Transform g
fonlath=XYZ | XYZ=wlonlath |  Projection-Ditect | Projection - Inverse
Input File

Single point
‘s Points File
SdecllrnpukFﬂe
Coordinate System
UTM v znme 4 ,
Eliipsoide
L T L8
Projection Parameter
FN 7 lat0 North  « K0
FE lon0 | [East

Fig (4.34): geo transform dialog

3. Press select input file, then this page will appear.
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lnLath=>XYZ |  XYZ=olonlsth |  Projection - Diect |

Projection - Inverse

Fig (4.35): open dialog

Input File
Si
o P
Lookin: |, SumiaManar 2352008 e 0k E
: __) calculate parameter
L«.) __code
by Glwdaaed ) datum_transtormation
Br _Jlonlath-xy.2
Coordinate B {
n ‘ __ projection-inverse
Sl plows ) winword
Elipsoide _J%y.2-lonlath
/ _-+ SumiaManar 23-5-2008
P
Projection
FN T jg
e
File name: [ :} Open
==

4. Choose projection-direct folder, & then click open, a new dialog will open.

onlath=XYZ | XYZ=olonlsth |  Projection - Diect |

Projection - Inverse ]

Open

% Po
Lookin | _, projection-drect
. omm
K% ~QuTPUT
by Sladisedl i projection-direct
Coordinate B
i |
il pdone
Ellipsoide
>/
I
Projection o
nr] 49
FE ol S
w Fie name: INPUT =] [Loeen ]
SN e e - I

Fig (4.36): open dialog

5. We should choose input file & then open.

6. After that we will return to the main dialog & then select the coordinate

system we need & his projection.
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7. Then we should select the ellipsoid we need.

8. Now we should enter the projection parameters we have (FE, FN, lat0,

lon0, kO).
O a 0
lonLath=XYZ |  XYZ=olonlah |  Projection-Ditect | Projection- Inverse
Input File
Single point
i+ Points File
_Select Input File | Select Output Fiie
7] [Tranevares Marsaior <
Elipsoide o
(Clerck 1880 - a b
Projection Parameter
PN 126067 903 0 70 [N ] g
FE 17051855 lon0 35,212081 East

Fig (4.36): geo transform dialog

8. Now you should click select output file & a new dialog will appeare, in

this dialog click on output, then save key.

L9  omEE
$eY it
b il rxlane
Elipsoide «
L=/
veolth
Projection .
N i bg!
FE in Sl g
Wiy Flename (OUTPUT -
. S = SR NOT S !

Fig (4.37): save as dialog

9. You can see the result from the file you save in.
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Example (10):
1. Press projection-direct key.

2. Ininput file check point file.

3. Click select input file, & you will open the input file in the projection-direct

XYZ=slonlath |  Project

= Diﬂ Projection - Inverse

folder.
lonLat h==>XY Z |
Input File
s
+ P
s, SOEm
E% ) | DUTPUT
Soedd Slaitened S prgiection-direct
Coordinate -3
M a€a gl
Elipsoide
(s
Slunell
Projection >
] W
% HomelSdl Sl

Lookin [ _ projection-drect

Fig (4.38): open dialog

4. In the main dialog, select UTM coordinate system & enter its zone # = 39, the

projection will be transverse Mercator directory.

5. Choose WGS84 ellipsoid.

6. Then enter the value of the projection parameters

FE=500000 , FN=0 ,

7. Now press select output file.

1at0=0, lon0=30, k0=0.9996
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¥ Geo-Transform

lonLath==>XYZ | XYZ=s>lonLath
Input File
Single point
* Points File
_Select Input File | Seiec(VUVllrp\{ﬂe
CowinateSy;lmrlr B
T ~ zone (39 ._j {
Elipsoide
‘WGS84 v a | b |
Projection Parameter
N | lat0 |~ Noth ~|
FE | lonQ [East «

Fig (4.39): geo transform dialog

7. Select output file from projection-direct folder & then click save.

lonlatheXYZ | XYZewlonlath | Prog -Diwect | Projection - lnverse
Input File
e
+ Po
Savein: | _ projection-drect B c¥ -
A INPUT
“BL
o Shainnd
Coouinalg (B
i
il alas
Ellipsoide
o
Rk
Projection N
N[ S!
e FameSd e
w File name: loutPuT |
- "
: SES A =

Fig (4.40): save as dialog

8. Now you can see the result from the output file you save, open projection-

direct folder, then select output file & you will see the result.

89



CHAPTER FOUR USING THE GEQ TRANSFORM

I
CADocuments and Settings\PALFUT\D esktop\SumiaManar 23-5-2008 o
code / calculate parameter wilidxally Ol plgs
il Lol i pouuséals) @)
j ) Abxoll 38 J&5
lon lat h-x.y.z f datum_transformation
Slxoll 158 S 3
=8 ool slzadl 3 )0 &)
prokectoninverse | e
S fae 2l 3ot 138 Gléle oLy
93501
\ Sbzodl 1ad i P
x.y.z-on lat.h winword
SumiaManar 23-5-2008
Fig (4.41): results dialog
-E oo o 4 v I J

C:\Documents and Settings\PALFUT\Desktop\S umiaManar 235-2008\projection-drect

wililxolly wialall plgo

W

ol 30 4o st @Y
ol 15b & iy
Aol 138 geani [

s o] ol 15 i 6

projection-direct

fig(4.42): results dialog

Soded gh i i il

TLAYEQ) VATAQLY AT, TOLTYAAYY
TLAVEAG0100TA D MAUATRL VAT

Fig (4.43): results dialog
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4.2.8 Transform from projected coordinates (Easting, Northing) to geographic
coordinates (A, @):

1. Press projection-inverse key.
2. In input file check point file.

3. Choose select input file.

onlsth=XYZ |  XYZ-lonlasth | Proecton-Diect ) Projoction - imverse )
Input File
* Fork:Fle Select Input il |
Coordinate System

'Select Projected Coordinate Systems |

Elfipsoid

a b
Projecﬁmf’am:r -
FE | lat0 K0
FN | ] lonD |

Fig (4.44): geo transform dialog

4. A new dialog will appeare, select projection-inverse from it, & then open.
5. Select input file from it & then click open.

lon Lat h==3X Y Z I
Input File

Lookin: | _, projection-nveise v e mepek o
3 © N
_._) QuTPUT

058 Clakiad ) projection-inverse

Coordin) o
o
Project Ol
FE [ 3
T . 5‘
FomaSl jlga
m File name: [INPUT "‘ Open

Fig (4.45): open dialog
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need & its projection.

Now you will return to the main dialog, select the coordinate system you

7. Then select the ellipsoid you need & its parameter will enter a lone.

8. Enter the projection parameters you have (FE, FN, lat0, lon0, k0).

seo-Transform

bnLath==xYZz |

XY Z==>LonLath

I

Projection - Direct ' Projection - Inverse

Input File

Single point
‘e Paints File

Coordinate System

Select Output File

Ellipsoid

Projection Parameter
FE il

FN

|Select Projected Coordinate Systems

|

9.

Fig (4.46): geo transform dialog

Press select output file.

10. Anew page will appeare, select output file & then click save.

onlath==XYZ | XYZeolonlsth |  Projecton-Diet | Py Inverso
Input File
Savein | _ projection-inverse Y & ef B
\ I INPUT
LS ¥ ENE
(XS ]
Coordin e
Sl
Ellipsoid o
.-—-/
e
o kel
G PaaS g
E Fie name: loutPuT v sae 1]
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Fig (4.47): save as dialog

Example (11):
1. Select projection-inverse tape.
2. Check point file.

3. Press select input file.

lnlah=XYZ | XYZewlonlath | Proection:Dreat | Projection - Inverse
Input File

" Single point
‘e Points File

_Select Input File |

Coordinate System
|user define v |Cassini -

Ellipsoid

a [6378300.73 b |6356566.4300000:

Lo

s oD ,
FE [170251.555 180 31734097 Noth v/ g 17

FN [126867.909 ol 135212081 [Eat ]

Fig (4.48): geo transform dialog

4. Press input from projection-inverse folder & then clicks open.

onLath==XYZ | XYZeolonlath | Froection Dreat | Projection - Inverse

lokin | _ pojectoniverse o] & ¥ B2~
s
55 OUTPUT
Sy ¥l Clastma i proiection-nverse
Coording 3
il
Ellipsoid J i
Y
Proect] [ RV |
. 3
i Pl S
' File name: T I
| “ —
_

Fig (4.48): open dialog
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5. In the main screen select User define from coordinate system & Cassini
projection.
6. Select User define from ellipsoid & enters its parameters
a=6378300.79,& b= 6356566.43000
7. Enter the value of the projection parameters as:
FE=170251.555, FN=126867.909,
Lat0=31.734097, lon0=35.212081, k0=1

8. Now press select output file, then a new page a rise to you.

9. Select output file from projection-inverse folder.

BT "

bnlathe=>X¥Z | XYZ=olonlath
input File
‘. : Save As
Savein: :_,umcﬂf}):l Wﬁ"rise -
A - INPUT
D N
5558 Sl
Coordiny ey
S
Elipsoia S
Bl A
Projectf ]
FE g
%
Gl PR i
B eswe R T =1l
. L —

Fig (4.49): save as dialog

10- You can see the result from the file you save in.
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[T] ok oy
C:\Documents and Settings\PALFUT\Desktop\SumiaManar 23-5-2008 )

code / calculate parameter [ wladaodiy adodl plgo
- Abozodl 138 0w Bsle) {ij
j y Alzoll b J&i Gy
lon Jath-x.y,z o / datum_transformation b _)
w8 o) sl 158 150 &)
b giection-nvers ] projection-drect / Tl

24l 2ol 138 Olélo Yluy)

STyl
) ) alxadl 133 G- ¥

.y.z-lon lath / winword /
SumiaManar 23-5-2008

fig(4.50): results dialog

[T cies doy 1 -

C:\Documents and Settings\PALFUT\Desktop\SumiaManar 23-5-2008\projection-inverse

B

projection-inverse

wilileally wilalall plgo

“li

Lol (5 8o Sals) @
ol ad i ,g
il L g [Y

s ol ot 138 )i &)

fig (4.51): results dialog

Sl o e s udle
TV OIS
Y08 LYYV ANY

fig (4.52): results dialog

4.3 Starting geo transform for using datum transformation:

1.~ Open the geo transform program.

® Geo-Transform

fig(4.53): datum menu

2. Click on datum tape & then select transform coordinates.

If you want to calculate the parameters:
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N Datum
Transform Coordinates

Datum Transtormation Patameters  Clil+P

fig(4.54):datum menu

To calculate the parameters there is two ways:
2. From datum menu press datum transformation parameters.

3. From transformation parameters click calculate parameters.

<% Datum Transformation

* Single point
Points File

Transformation Parameters
Rotation_x  [.23p ' Rotation_y 71
Translation_» 10233858 Translation_y 6549 981

Boae 1094335 Select Paramslers file

Input Data
Coordinate System in First Datum

* 13150701579 y 1% 08978074

Calculate X .Y ,Z

Coordinate System in Second D atum
: 4

fig(4.55):datum transformation dialog

In both ways the result will be the same so you can use any one.

4. A new dialog will appear like in figure (4.56), now select the

transformation method you need.
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B8=1]:

<% Datum Transformation Parameter

Transformation Method

 Select Input File

Target Datum Points Coordinates

Select Input File
Calculate
Transformation Parameters
Rotation_x | Rotation_y | Rotation_z |
Translation_x Translation_x r..;u_,_,,., T Tianslation LR —

g _ Oupufe |

fig(4.56):datum transformation parameter dialog

5. Press on select input file (source datum points coordinates) then open

dialog will appear.

6. In open dialog select source datum file & then press open.

& File name: source datum - [ Open I |
fig(4.57):0pen dialog

97



CHAPTER FOUR USING THE GEO TRANSFORM

7. After that press on select input file(target datum points coordinates).

8. Select target datum file from open dialog &then press open.

Lookin: | _ input
5 _ input
g | source datum

bl ot ) [EEEEET

'[B
S s

Fie name: tagetdson <)

fig(4.58):0pen dialog

9. In moldensky transformation, you will select the first & the second

ellipsoid from the main dialog.

Select ellipsoid
Ciaick 12678 " IWGSB4 ' .

a2 [ b2

fig(4.59):select ellipsoid list

10. Now press calculate key from datum transformation parameter dialog.

| l

Calculate z
fig(4.60):calculate key

11. Select output file to save the parameter in file.
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Wy Flename e

> ‘ X
i golpe  Save astype: [ XY hmmizt(*t)
Jlattl

fig(4.61):save sa dialog

4.3.1 Transform using 7 parameter similarity for a single point:
1. Choose a single point.

Input File
+ Single point
Points File
Transformation Method
prn— y -
Transformation Parameters
Rotation x 539 Rotation y .79 Rotation 2 [573
Translation_x 710233 gsg Translation_y 549 9g7 Translation_z (720 gg7
Sca 034996 Select Paametsrs fle Calculate Parameters
Input Data
Coordinate System in First Datum
* [;B0701979 Y B08978074 z 889153
Calculate X .Y , 2
Output
Coordinate System in Second Datum
b f i ] z

fig (4.62): datum transformation dialog
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2. In transformation method select 7 parameter similarity.
3. Enter the value of the seven transformation parameters if you have it.
4. Enter the value of input data (x, y, and z) in the first datum.

5. Press calculate X, Y, Z key.

Example (12):
1. Choose a single point.

2. From transformation methods select 7-parameter similarity.

USING THE GEO TRANSFORM

3. Enter the value of the seven transformation parameters or you can enter it

from pressing select parameters file that you save in calculate parameters.

Look in: | _, output ‘ :" & @ C’F '
5 1 3p

h—.i) |-] Bpa
8§l Sl aiaagll g‘g

ti e
2
2

0

FomeSh sl

i File name: 7pa v
w“
iS.h gblge  Files of type: Pt Lon Lat h(* ") v Cancel |

Juasyl : |
Open as read-only

fig(4.63):0pen dialog

4. Enter the value of input data (x, y, and z) in the first datum as it appears in

fig .5. Press calculates X, Y, Z key.
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=% Datum Transformation

Input File

Input Data

Output

‘e Single point
~ Points File

Transformation Method

Transformation Parameters
Rotation_x 2 28412825638399

Translation_x [10233 8257617577 Translation_y 6549 9683394476
Scale  [0.943356940242124

X [10037 858021

7 pu&ne(el :inia(ity v

Rotation y .0 55080113483997; Rotation_z  [224 53709863642
Translation_z 720 87965609007

Select Parameters file Calculate Parameters
Coordinate System in First Datum
y |820.085 z 1109.821
Coordinate System in Second Datum
i (526211521711 4 772.0330058¢

fig(4.64): 7-parameter simslarity dialog

4.3.2 Transform using 6 parameter similarity for a single point:

1. Choose a single point.

2. In transformation method select 6 parameter similarity.

3. Enter the value of the six transformation parameters or you can enter it from

pressing select parameters file that you save in calculate parameters it.
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—l
i
w3
oSl g
) W File name: 6pa -
FTIRY ':'.n,. Files of type: [Pt Lon Lat hi*") =
Jatt Dpen as read-only
fig(4.65):0pen dialog

4. In input data enter the value of x, y& z for the first datum.
5. Press calculate key to show the value of X |Y & Z.

<% Datum Transftormation

Transformation Method

—_—

6 parameter simitariy ]

Transformation Parameters

Rotation_x |2 28578304817628 Rotation_y  |.0,54381194838189; Rotation_z (224 537078553
Translation_x [10246,6609643306 Translation_y 5532 53544249047 Translation_2 [716,92433049622¢

__ SelectPatametersfie | Calculate Parameters |
Input Data
Coordinate System in First Datum
¥ [1094.883 y 820.085 2 1109.821
Output

[10040.37305¢

fig(4.66):6 parameter similarity dialog
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4.3.3 Transform using 3 parameter similarity for a single point:

1. Choose a single point.
2. In transformation method select 3 parameter similarity.
3. Enter the value of the three transformation parameters or you can enter it

from pressing select parameters file that you save in calculate parameters.

“ﬁ) File name: ’30 pe -mm
-
iSpd gablge  Files of type: | Pt Lon Lat h{%) - Cancel
Connt I" Open as read-only
fig(4.67):0pen dialog

4. In input data enter the value of x, y& z for the first datum.

5. Press calculate key to show the value of X, Y & Z.
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¥ Datum T ransformation
Input File

' Single point
Points File

Transformation Method

3 parameter similiarity -
Transtormation Parameters
Translation_x [9990. 0325 Translation_y [4332 g9 Translation_z 797 245
Select Parameters file | Calculate Parameters

Input Data
Coordinate System in First D atum
*  [1094.883 y 820,085 z 109.821
Output
Coordinate System in Second Datum
X [11084.9755 i [5802.775 P4 907.066

fig(4.68): 3 parameter similarity dialog

4.3.4 Transform using Helmert transformation:

1. Choose a single point.
2. In transformation method selects Helmert transformation.
3. Enter the value of the Helmert transformation parameters or you can enter it

from pressing select parameters file that you save in calculate parameters.
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FoweSl jlga

File name: \‘paamete« of helmert

m;n e Files of type: Pt Lon Lat h"")
el

Open as read-only

fig(4.69): open dialog

4. In input data, enter the value of x, y, z of the first datum.

5. Press calculate key to show the results.

<% Datum Transformation

Input File

* Single point
Paints File

Transformation Method

Helmert transformation v

Transformation Parameters

Rotation_» (5 4879874060931 7E
Translation_x [-234.8273738938171

Scale  [0999938218643723

Translation_y |98 3664010474359

Select Parameters file
Input Data
Coordinate System in First D atum
® 4454993 47813479 v 128770.45015814
Calculate X .Y, 2
Output
Coordinate System in Second D atum
X (4854763482 Y 13128699.45005

Rotation_z ~ [.1.0668103377432
Translation_z [317,70638734650:

_ Calculate Parameters

z 13313995.1002621€

3314268.081¢

fig(4.70):Helmert transformation dialog
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4.3.5 Transform using Meldensky transformation for a single point:

1. Choose a single point.

2. In transformation method select meldensky transformation.

3. Enter the value of the meldensky transformation parameters (Tx, Ty , Tz) or
you can enter it from pressing select parameters file that you save in calculate

parameters.

FaweSl Sl
w File name: out 7 -
= f ! |
iS.h golge  Files of type: Pt# Lon Lat h{**) - Cancel |
Jesdl

~ Open as read-only

fig(4.71): open dialog

4. In input data, enter the value of (lat,lon,h) of source datum.
5. Select the ellipsoid of source & target datum.

6. Press calculate key to show the results.
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Py | Dati;n—Trnnslarmminn R

Transformation Method
|Moldensky transformation v
Transformation Parameters
Translation_x |30 Translation_y [.71 Translation_z |73
Select Parameters file | Calculate Parameters
Input Data
Coordnate System in First Datum
lat (31 50504892 lon (35 08061354 h 880,663
Select ellipsoid )
|Clarck 1880 v WGSB84 -
al ’ ' b1 a2 | b2
Output
Coordinate System in Second Datum
Detalatitud 75 67877457 Dekalongitud 150830173078 DektaHeight 15 5951 4480;
latitude |37 505421 63¢ longitude (35 0813932686 h g 3591448

fig(4.72): Moldensky transformation dialog

4.3.6 Transform using 7-parameters similarity for points file:

1. Click on points file.

2. Press on select input file

% Datum Transformation

Input File
Single point
* Points File
Select Input File Select Output File |
Transformation Method
Transtormation Parameters
Rotation_x [ 264805556 Rotation y [0 55077777 Rotation_z (224 5363671

Translation_x [4 0233.858 Translation_y (5549 981 Translation_z |720.897

s 0.943% Select Parameters file Calculate Parameters

e

fig(4.73): 7 parameter similarity dialog
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3. Open dialog will appear, from input folder choose source file

& then press open.

Look in: |

J input e @d'

A . input
Y ey

oYl loiianad | target datum

File name: source datum e

fig(4.74): open dialog

4. From transformation methods select 7-parameters similarity.

5. Enter the value of the 7 parameters you have & if you don’t
have it, you can calculate it as we show in section 4.3

6. In datum transformation dialog press on select output file
tape.

7. A new dialog will appear, select target file from input

folder.& then press save.

File name: tagetdatum

Save as type: PHEXY h [*.txt)

fig(4.75):save as dialog

8. You can see the result from the file you save in.
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4.3.7 Transform using 6-parameters for points file:

1. Click on points file.

2. Press on select input file

Select Dutput File
Transformation Method
6 parameter similarity -
Transformation Parameters
Rotation_x (2 284805556 Rotation_y  [.0.55077777 Rotation_z 224 5363611
Translation_x 10233 859 Translation_y (549 981 Translation_2 (720 gg7

__Select Parameters fie __ Caloulate Parameters |

fig(4.76): 6 parameter similarity dailog

5. Open dialog will appear, from input folder choose source file & then press

open.

Lookin: | s input

. input
9 e

Sl Slaiaedl | target datum

w File name: source datum p.d
ﬁ . -

fig(4.77):0pen dialog

6. From transformation methods select 6-parameters similarity.

7. Enter the value of the 6 parameters you have & if you don’t have it, you can
calculate it as we show in section 4.3.

8. In datum transformation dialog press on select output file tape.

9. A new dialog will appear, select target file from input folder. & then presses

save.
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10. You can see the result from the file you save in.

File name: largetdatum
Saveastype: | PHIXY h(“bd)

fig(4.78): save as dialog

4.3.8 Transform using 3-parameters for points file:
1. Click on points file.

2. Press on select input file

< Datum Transformation

Select Input File | Select Qutput File

Transformation Method

3 parameter simillantyl v

Transformation Parameters

Translation_x |-230 Translation_y [.71 Translation_2z 773

SekeotPaanees fe Calodle Pranetes

fig(4.79): 3 parameter similarity dialog

3. Open dialog will appear, from input folder choose source file & then press

open.
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| target datum

File name: source datum b

fig(4.80): open dialog

4. From transformation methods select 3-parameters similarity.

5. Enter the value of the 3 parameters you have & if you don’t have it, you can
calculate it as we show in section 4.3.

6. In datum transformation dialog press on select output file tape.

7. A new dialog will appear, select target file from input folder. & then presses

save.

tergetdatum
Save as type: PHEXY h (“.txt)

fig(4.81): save as dialog

8. You can see the result from the file you save in.
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4.3.9 Transform using Helmert method for points file:
1. Choose points file.

2. Press on select input file.

I Datum Transformation

Input File
Single point

* Points File :

Select Input File Select Output File |

Transformation Method

formation|

Helmen trang

Transformation Parameters

Rotation_x [ 264605556 Rotation y [0 55077777 Rotation 2 224 5363611
Translation_x [10233.858 Translation_y 5549 981 Translation_2 (720,897
Shale 0.3433% Select Parameters file Calculate Parameters

fig(4.82): helmert transformation dialog

3. Open dialog will appear to you, select helmert file from datum
transformation folder, press open.

4. In the main dialog, select helmert method from transformation method
list.

5. Enter the value of transformation parameters as shown in the main
dialog.

6. Press select output file from datum transformation dialog.

%WCQ

[Pttt Lon Lat h("7)
[ Open as read-only

fig(4.83): open dialog
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7. From save as dialog, choose helmert file & then save.

53
FarSl g
W e oo -
> .
iS.h zalge  Save aslype: [PHE XY h [*bd) - Cancel
ooyl Sabpsiitms
A i,

fig(4.84): save as dialog

8. You can see the result from the file you save in.
4.3.10 Transform using moldensky method for points file:

1. Choose points file.

2. Press in select input file.
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<% Daturn Transformation

Input File
Single point
‘s Points File
Select Input File Select Output File |
Transformation Method
Moldensky transformatior{ v
Transformation Parameters
Transiaton » [230 Translation_y (71 R
Select Parameters file Calculate Parameters |
Select elipsoid ) ) L
[Clarck 1880 - WGSB4 s
al b1 a2 | b2

fig(4.85):Moldensky transformation dialog

In open dialog, press on moldensky file from datum transformation folder.

Look in: | __+ moldensky

A [~ out

L9  emm

85 fl lostiusedl -] target

o

FoweS)

File name: gswce

Sl 3ol ge |Pt#t Lon Lat h(™.")
Juadt

Open as read-only

Files of type:

1

Cancel |

fig(4.86): open dialog
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4. Now you will return to the main dialog, select moldensky method from
transformation method list.

5. Then enter the value of transformation parameters (Tx, Ty, Tz, ) as shown in the
fig.

6. Now select the first & the second ellipsoid you need & there parameters (a&b)
will enter directly.

7. Press on select output file from datum transformation dialog.

8. From save as dialog select moldensky file from datum transformation folder &
then press save.

9. You can see the result from the file you save in.

Savein. | _ moldensky Y] e cf E-
A = out
< ¢
B ) - source
B a9 Sl el
wisall alows
[/
(RN |
w3
ForaSll i
e File name: blagel o - Rd Save
WS guilge  Save as bype: Pt XY h (") - Cancel |
Jeas ¥

fig(4.87):save as dialog
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5 CONCLUSION & RECOMMENDATION

5.1 Conclusions

5.2 Recommendations
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CHAPTER FIVE

CONCLUSION & RECOMMENDATION

5.1 Conclusions

During our work & programming we could conclude the following:

1. Geo-Transform has worked well.

2. Programming all coordinates systems used in Palestine.

3. Leaving the choice for a user to define his own coordinates system if not
previously defined in the software.

4. Most common ellipsoids and coordinates are directly to be added in the
software.

5. Different datum transformation solutions are to be used to make it more
flexible use in other software like Trimble Geomatics office, Leica Geomatics,

Arc GIS....etc.

5.2 Recommendations

1. In datum transformations, similarity 7-parameters and moldensky give the best
results while the first one has more parameters, and moldensky takes in
consideration the changes in the ellipsoids. g AR

2. The Geo-Transform can be extended in further work to read files frpm
different software like ArcGIS, TGO.......etc. o

3. In small areas or countries similarity 3-parameters or 6-parameters can be

used.

4. In large areas similarity 7-parameters and moldensky have to be applied.
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Coordinate Conversion
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Coordinate Conversion

Option Explicit

Dim Xgc, Ygc, Zgc As Double ' geocenrric coordinate

Dim A, b, f, ¢, €2, ee2 As Double ' semimajor,semiminnor, flattining,polar radius of curvature,
first eccenticity squared, second eccenticity squared

Dim M, N As Double 'radius of curvature in the meridian, radius of curvature in the prime vertical

Dim w, v As Double ' axuiliary quantities
Dim lonrad, latrad, pie As Double ' geographic coord in radian
Dim lon, lat, h, lon0 As Double ' geogrphic coord

Dim flon(0 To 1000), flat(0 To 1000), fh(0 To 1000) As Double

Dim fXgc(0 To 1000), fYgc(0 To 1000), fZge(0 To 1000) As Double

Dim feasting(0 To 1000), fnorthing(0 To 1000) As Double

Dim ptar(0 To 1000) As Integer

Dim cnt As Integer

Dim ZONE As Integer

Private Declare Sub Sleep Lib "kernel32" Alias "sleep" (ByVal dwMilliseconds As Long)

Private Sub Combol_Click() ' Ellipsoid

If Combol.Listindex =0 Then ' Clarck 1880
Text20.Enabled = False
Text21.Enabled = False

Text20 = 6378300.79 ' a:semimajor
Text21 = 6356566.435 ' b:semiminor
End If

If Combol.Listindex = 1 Then 'Bessel
Text20.Enabled = False
Text21.Enabled = False

Text20 = 6377483.865 ' a:semimajor
Text21 = 6356165.383 ' b:semiminor
End If

If Combol.ListIndex =2 Then ' GRS80
Text20.Enabled = False
Text21.Enabled = False

Text20 = 6378137 ' a:semimajor
Text21 = 6356752.314 ' b:semiminor
End If
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If Combol.Listindex =3 Then ' GRS67
Text20.Enabled = False
Text21.Enabled = False

Text20 = 6378160 ' a:semimajor
Text21 = 6356774.516 ' b:semiminor
End If

If Combol.Listindex =4 Then ' WGS84
Text20.Enabled = False
Text21.Enabled = False

Text20 = 6378137 ' a:semimajor
Text21 = 6356752.314 ' b:semiminor
End If

If Combol .Listindex = 5 Then  'user define
Text20.Enabled = True
Text21.Enabled = True
Text20 = 6378300.79 ' a:semimajor
Text21 = 6356566.43000004 ' b:semiminor
End If
End Sub

Private Sub Combol0 Click() 'zone (1- 60)
Dim ZONE, lon0 As Double

If Combo10.ListIndex = 0 Then
ZONE =1
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 1 Then
ZONE =2
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If
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If Combo10.ListIndex = 2 Then
ZONE =3
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 3 Then
ZONE =4
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 4 Then
ZONE =5
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 5 Then
ZONE =6
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 6 Then
ZONE =7
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 =1on0
End If
If Combol0.ListIndex = 7 Then
ZONE =8
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If
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If Combo10.ListIndex = 8 Then
ZONE =9
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 9 Then
ZONE =10
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 10 Then
ZONE =11
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 11 Then
ZONE = 12
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 12 Then
ZONE =13
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 13 Then
ZONE = 14
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If
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If Combo10.ListIndex = 14 Then
ZONE =15
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 15 Then
ZONE = 16
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 16 Then
ZONE =17
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 17 Then
ZONE =18
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 18 Then
ZONE = 19
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 19 Then
ZONE =20
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If
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If Combo10.ListIndex = 20 Then
ZONE =21
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 21 Then
ZONE = 22
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 22 Then
ZONE =23
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 23 Then
ZONE =24
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 24 Then
ZONE =25
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If
If Combo10.ListIndex = 25 Then
ZONE =26
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If
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If Combo10.ListIndex = 26 Then
ZONE =27
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0
End If

If Combo10.ListIndex = 27 Then
ZONE = 28
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 =1lon0
End If

If Combo10.ListIndex = 28 Then
ZONE =29
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 =1lon0

End If

If Combo10.ListIndex = 29 Then
ZONE =30
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo20.ListIndex = 1
Text27 = lon0

End If

If Combo10.ListIndex = 30 Then
ZONE =31
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 31 Then
ZONE =32
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If
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If Combo10.ListIndex = 32 Then
ZONE =33
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 33 Then
ZONE = 34
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 34 Then
ZONE =35
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 35 Then
ZONE =36
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 36 Then
ZONE =37
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 37 Then
ZONE =38
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If
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If Combo10.ListIndex = 38 Then
ZONE = 39
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 39 Then
ZONE =40
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 41 Then
ZONE =42
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 42 Then
ZONE =43
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 43 Then
ZONE = 44
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 44 Then
ZONE = 45
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If
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If Combo10.ListIndex = 45 Then
ZONE = 46
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combol0.ListIndex = 46 Then
ZONE =47
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 47 Then
ZONE = 48
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 48 Then
ZONE =49
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 49 Then
ZONE = 50
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 50 Then
ZONE = 51
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If
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If Combo10.ListIndex = 51 Then
ZONE = 52
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 52 Then
ZONE = 53
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 53 Then
ZONE = 54
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 54 Then
ZONE = 55
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 55 Then
ZONE = 56
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 56 Then
ZONE = 57
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If
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If Combo10.ListIndex = 57 Then
ZONE = 58
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 58 Then
ZONE = 59
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

If Combo10.ListIndex = 59 Then
ZONE = 60
lon0 = (ZONE * 6 - 3) - 180
Combo20.ListIndex = 0
Text27 = lon0

End If

End Sub

Private Sub Combo2_Click() ' projection
If Combo2.ListIndex =0 Then  'palestine 1923 Palestine Grid
Text24.Enabled = False
Text25.Enabled = False
Text26.Enabled = False
Text27.Enabled = False
Text39.Enabled = False

Combol.Enabled = False
Combo8.Enabled = False
Combo19.Enabled = False
Combo20.Enabled = False

Text24 = 170251.555 ' false Easting
Text25 = 126867.909 ' false Northing
Text26 = 31.73409694444 'latitude of origin
Text27 =35.21206055556 " Central Meridian
Text39 =1 'SCALE FACTOR
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Combol.ListIndex = 0 ' Clarck1880
Combo8.ListIndex = 0 ' cassini
Combo19.ListIndex = 0 ' north
Combo20.ListIndex = 0 ' east
Labell7.Visible = False ' zone
Combo10.Visible = False ' zone

End If ' palestine 1923 Palestine Grid

If Combo2.Listindex = 1 Then  'palestine 1923 Israel CS Grid
Text24.Enabled = False
Text25.Enabled = False
Text26.Enabled = False
Text27.Enabled = False
Text39.Enabled = False

Combol.Enabled = False
Combo8.Enabled = False
Combo19.Enabled = False
Combo20.Enabled = False

Text24 = 170251.555 ' false Easting
Text25 = 1126867.909 ' false Northing
Text26 = 31.73409694444 'latitude_of origin
Text27 = 35.21206055556 ' Central Meridian
Text39 =1 'SCALE FACTOR
Combol.ListIndex = 0 ' Clarck1880
Combo8.ListIndex = 0 ' cassini
Combo19.ListIndex = 0 ' north
Combo20.ListIndex = 0 ' east
Labell7.Visible = False ' zone
Combo10.Visible = False ' zone

End If 'palestine 1923 Israel CS Grid

If Combo2.Listindex =2 Then 'UTM
Text24.Enabled = False
Text25.Enabled = False
Text26.Enabled = False
Text27.Enabled = False
Text39.Enabled = False
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Text27.Enabled = False
Combol.Enabled = True
Combo8.Enabled = False
Combo10.Enabled = True
Combo19.Enabled = True
Combo20.Enabled = True

Text24 = 500000 ' false Easting
Text25=0 ' false Northing
Text26 =0 'latitude of origin
Text27 =33 ' Central Meridian
Text39 = 0.9996 'SCALE FACTOR
Combol.ListIndex = 4 ' WGS84
Combo8.ListIndex = 1 '™

Combo19.ListIndex = 0 ' north
Combo20.ListIndex = 0 ' east

Labell7.Visible = True ' zone

Combol0.Visible = True ' zone

End If 'UTM

If Combo2.ListIndex =3 Then 'palestine 1923 Belt
Text24.Enabled = False
Text25.Enabled = False
Text26.Enabled = False
Text27.Enabled = False
Text39.Enabled = False

Combol.Enabled = False
Combo8.Enabled = False
Combo19.Enabled = False
Combo20.Enabled = False

Text24 = 170251.555 ' false Easting
Text25 =1126867.909 ' false Northing
Text26 = 31.73409694444 'latitude_of origin
Text27 = 35.21206055556 ' Central Meridian
Text39 =1 'SCALE FACTOR
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Combol.ListIndex = 0 ' Clarck1880
Combo8.ListIndex = 1 'T™™
Combo19.ListIndex = 0 ' north
Combo20.ListIndex =0 ' east
Labell7.Visible = False ' zone
Combo10.Visible = False ' zone

End If ' palestine 1923 Belt

If Combo2.Listindex =4 Then  'Israel TM Grid
Text24.Enabled = False
Text25.Enabled = False
Text26.Enabled = False
Text27.Enabled = False
Text39.Enabled = False

Combol.Enabled = False
Combo8.Enabled = False
Combo19.Enabled = False
Combo20.Enabled = False

Text24 =219529.584 'false Easting
Text25 = 626907.39 "false Northing
Text26 = 31.734394 "latitude of origin
Text27 =35.204517 ' Central Meridian
Text39 = 1.000007 'SCALE FACTOR
Combol.ListIndex = 2 'GRS 1980
Combo8.ListIndex = 1 '™
Combo19.ListIndex = 0 ' north
Combo20.ListIndex = 0 ' east
Labell7.Visible = False ' zone
Combo10.Visible = False ' zone

End If "Israel TM_Grid

If Combo2.ListIndex =5 Then 'user define
Text24.Enabled = True
Text25.Enabled = True
Text26.Enabled = True
Text27.Enabled = True
Text39.Enabled = True
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Combol.Enabled = True
Combo8.Enabled = True
Combo19.Enabled = True
Combo20.Enabled = True

Text24 = 170251.555
Text25 = 126867.909
Text26 = 31.734097
Text27 = 35.212081
Text39 =1
Combol.ListIndex = 0
Combo8.ListIndex = 1

Labell7.Visible = False
Combo10.Visible = False

' false Easting
' false Northing
'latitude of origin
' Central Meridian
'SCALE FACTOR
' Clarck1880
'T™

' zone

' zone

If Combol5.ListIndex = 1 Then

Combo19.ListIndex = 1
End If

' north

If Combol6.ListIndex = 1 Then

Combo20.ListIndex = 1 'east
End If
End If ' user define
End Sub
Private Sub Combo3 Click() ' Ellipsoid

If Combo3.ListIndex = 0 Then
Text7.Enabled = False
Text8.Enabled = False
Text7 = 6378300.79
Text8 = 6356566.43000004

End If

If Combo3.ListIndex = 1 Then
Text7.Enabled = False
Text8.Enabled = False
Text7 = 6377483.865
Text8 = 6356165.383

' Clarck 1880

' a:semimajor

' b:semiminor

' Bessel

' a:semimajor

' b:semiminor
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End If
If Combo3.ListIndex = 2 Then ' GRS80
Text7.Enabled = False
Text8.Enabled = False
Text7 = 6378137 ' a:semimajor
Text8 = 6356752.314 ' b:semiminor
End If
If Combo3.ListIndex = 3 Then ' GRS67
Text7.Enabled = False
Text8.Enabled = False
Text7 = 6378160 ' a:semimajor
Text8 = 6356774.516 ' b:semiminor
End If
If Combo3.Listindex = 4 Then 'WGS84
Text7.Enabled = False
Text8.Enabled = False
Text7 = 6378137 ' a:semimajor
Text8 = 6356752.314 " b:semiminor

End If

If Combo3.ListIndex = 5 Then
Text7.Enabled = True
Text8.Enabled = True
Text7 = 6378300.79
Text8 = 6356566.43000004

End If

End Sub

Private Sub Combo4 Click()

If Combo4.ListIndex = 0 Then
Textl5.Enabled = False
Textl6.Enabled = False
Textl5 = 6378300.79

Textl6 = 6356566.43000004

End If

' user define

" a:semimajor

' b:semiminor

' Clarck 1880

' a:semimajor

' b:semiminor
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If Combo4.ListIndex = 1 Then
Text15.Enabled = False
Text16.Enabled = False
Textl5 = 6377483.865
Textl6 = 6356165.383

End If

If Combo4.ListIndex = 2 Then
Textl5.Enabled = False
Textl6.Enabled = False
Textl5 = 6378137
Textl6 = 6356752.314

End If

If Combo4.ListIndex = 3 Then
Textl5.Enabled = False
Textl6.Enabled = False
TextlS = 6378160
Textl6 = 6356774.516

End If

If Combo4.ListIndex = 4 Then
Textl5.Enabled = False
Text16.Enabled = False
Textl5 = 6378137 !
Textl6 = 6356752.314 '

End If

If Combo4.ListIndex = 5 Then
Text15.Enabled = True
Textl6.Enabled = True
Textl5 = 6378300.79
Textl6 = 6356566.43000004

End If

End Sub

Private Sub Combo5_Click()

If Combo5.ListIndex = 0 Then
Text28.Enabled = False

' Bessel

' a:semimajor

' b:semiminor

" GRS80

' a:semimajor

' b:semiminor

' GRS67

' a:semimajor

' b:semiminor

' WGS84

a:semimajor

b:semiminor

'user define

' a:semimajor

' b:semiminor

' Clarck 1880
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Text29.Enabled = False

Text28 = 6378300.79 ' a:semimajor

Text29 = 6356566.435 ' b:semiminor
End If

If Combo35.Listindex = 1 Then ' Bessel
Text28.Enabled = False
Text29.Enabled = False

Text28 = 6377483.865 ' a:semimajor
Text29 = 6356165.383 ' b:semiminor
End If

If Combo5.Listindex =2 Then ' GRS80
Text28.Enabled = False
Text29.Enabled = False

Text28 = 6378137 ' a:semimajor
Text29 = 6356752.314 ' b:semiminor
End If

If Combo5.Listindex =3 Then ' GRS67
Text28.Enabled = False
Text29.Enabled = False

Text28 = 6378160 ' a:semimajor
Text29 = 6356774.516 ' b:semiminor
End If

If Combo5.ListIndex =4 Then ' WGS84
Text28.Enabled = False
Text29.Enabled = False

Text28 = 6378137 ' a:semimajor
Text29 = 6356752.314 ' b:semiminor
End If

If Combo5.ListIndex = 5 Then  'user define
Text28.Enabled = True
Text29.Enabled = True
Text28 = 6378300.79 ' azsemimajor
Text29 = 6356566.43000004 ' b:semiminor
End If
End Sub
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Private Sub Combo6_Click() ' Inverse-projection
If Combo6.Listindex =0 Then ' palestine_1923_Palestine_Grid
Text30.Enabled = False
Text31.Enabled = False
Text32.Enabled = False
Text33.Enabled = False
Text38.Enabled = False

ComboS5.Enabled = False
Combo7.Enabled = False
Combo21.Enabled = False
Combo22.Enabled = False

Text30=170251.555 ' false Easting
Text31 = 126867.909 ' false Northing
Text32 = 31.73409694444 'latitude of origin
Text33 = 3521206055556 ' Central Meridian
Text38 =1 ' scale factor
Combo$5.ListIndex =0 ' Clarck1880
Combo7.ListIndex =0 ' Cassini
Combo21.ListIndex = 0 ' North
Combo22.ListIndex = 0 ' East
Combo9.Visible = False ' zone

End If

If Combo6.ListIndex = 1 Then ' palestine 1923 Israel CS_Grid
Text30.Enabled = False
Text31.Enabled = False
Text32.Enabled = False
Text33.Enabled = False
Text38.Enabled = False

Combo21.Enabled = False
Combo22.Enabled = False
Combo5.Enabled = False
Combo7.Enabled = False

Text30 = 170251.555 ' false_Easting
Text31 =1126867.909 ' false_Northing
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Text32 = 31.73409694444 'latitude of origin
Text33 = 35.21206055556 ' Central Meridian
Text38 =1 " scale factor
ComboS5.ListIndex =0 ' Clarck1880
Combo7.ListIndex =0 ' Cassini
Combo21.ListIndex = 0 ' North
Combo22.ListIndex = 0 ' East
Combo9.Visible = False ' zone

End If

If Combo6.ListIndex =2 Then 'UTM
Text30.Enabled = False
Text31.Enabled = False
Text32.Enabled = False
Text33.Enabled = False

Text38.Enabled = False
Combo5.Enabled = True
Combo7.Enabled = False
Combo21.Enabled = True
Combo22.Enabled = True

Text30 = 500000 ' false Easting
Text31=0 ' false Northing
Text32=0 'latitude of origin
Text38 =0.9996 'scale factor

Combo5.ListIndex = 4 ' WGS84
Combo7.ListIndex = 1 '™
Combo21.Listindex =0 'North
Combo22.Listindex=0  'East
Combo9.Visible = True ' zone
Combo21.Listindex =0 ' North
Combo22.Listindex =0 ' East

End If
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If Combo6.Listindex =3 Then  'palestine 1923 _Belt
Text30.Enabled = False
Text31.Enabled = False
Text32.Enabled = False
Text33.Enabled = False
Text38.Enabled = False

Combo5.Enabled = False
Combo7.Enabled = False
Combo21.Enabled = False
Combo22.Enabled = False

Text30 = 170251.555 ' false Easting
Text31 = 1126867.909 ' false Northing
Text32 = 31.73409694444 'latitude_of origin
Text33 = 35.21206055556 ' Central Meridian
Text38 =1 ' scale factor
Combo5.ListIndex = 0 ' Clarck1880
Combo7.ListIndex = 1 'T™M
Combo21.ListIndex = 0 ' North
Combo22.ListIndex =0 ' East
Combo9.Visible = False ' zone

End If

If Combo6.ListIndex = 4 Then  'Israel TM_Grid

Text30.Enabled = False

Text31.Enabled = False

Text32.Enabled = False

Text33.Enabled = False

Text38.Enabled = False

Combo5.Enabled = False

Combo7.Enabled = False

Combo21.Enabled = False

Combo22.Enabled = False

Text30 =219529.584 ' false Easting
Text31 = 626907.39 ' false_Northing
Text32 =31.734394 'latitude_of origin
Text33 =35.204517 ' Central Meridian
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Text38 = 1.000007 ' scale factor
ComboS5.ListIndex = 2 'GRS 1980
Combo7.ListIndex = 1 'T™
Combo21.ListIndex = 0 ' North
Combo22.ListIndex = 0 ' East
Combo9.Visible = False ' zone

End If

If Combo6.Listindex = 5 Then ' user define

Text30.Enabled = True

Text31.Enabled = True

Text32.Enabled = True

Text33.Enabled = True

Text38.Enabled = True

Combo5.Enabled = True

Combo7.Enabled = True

Combo21.Enabled = True
Combo22.Enabled = True

Text30 = 170251.555 ' false Easting
Text31 = 126867.909 ' false Northing
Text32 =31.734097 'latitude of origin
Text33 = 35.212081 ' Central Meridian
Text38 =1 ' scale factor
ComboS5.ListIndex = 0 ' Clarck1880
Combo7.ListIndex = 1 '™
Combo9.Visible = False ' zone
Combo21.ListIndex = 0 ' North
Combo22.ListIndex =0 ' East

End If

End Sub

Private Sub Combo9 Click() 'zone (1-60)
Dim ZONE, lon0 As Double

If Combo9.ListIndex = 0 Then
ZONE = 1
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If
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If Combo9.ListIndex = 1 Then
ZONE =2
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 2 Then
ZONE =3
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 3 Then
ZONE =4
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 4 Then
ZONE =5
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 5 Then
ZONE = 6
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0

End If
If Combo9.ListIndex = 6 Then
ZONE =7

lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0

End If
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If Combo9.ListIndex = 7 Then
ZONE =8
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 8 Then
ZONE =9
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 9 Then
ZONE = 10
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 10 Then
ZONE =11
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 11 Then
ZONE =12
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If
If Combo9.ListIndex = 12 Then
ZONE =13
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If
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If Combo9.ListIndex = 13 Then
ZONE = 14
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 14 Then
ZONE =15
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 15 Then
ZONE = 16
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 16 Then
ZONE = 17
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 17 Then
ZONE =18
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 =1lon0

End If
If Combo9.ListIndex = 18 Then
ZONE = 19

lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0

End If
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If Combo9.ListIndex = 19 Then
ZONE =20
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 20 Then
ZONE =21
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 21 Then
ZONE =22
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 22 Then
ZONE =23
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 23 Then

ZONE =24
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0

End If

If Combo9.ListIndex = 24 Then
ZONE =25
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = |
Text33 = lon0

End If
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If Combo9.ListIndex = 25 Then
ZONE = 26
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 26 Then
ZONE =27
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 27 Then
ZONE = 28
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 28 Then
ZONE =29
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0
End If

If Combo9.ListIndex = 29 Then
ZONE =30
lon0 = (-1) * ((ZONE * 6 - 3) - 180)
Combo22.ListIndex = 1
Text33 = lon0

End If

If Combo9.ListIndex = 30 Then
ZONE =31
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If
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If Combo9.ListIndex = 31 Then
ZONE = 32
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 32 Then
ZONE =33
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 33 Then
ZONE =34
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 34 Then
ZONE =35
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 35 Then
ZONE =36
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 36 Then
ZONE =37
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 =1on0

End If
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If Combo9.ListIndex = 37 Then
ZONE =38
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 38 Then
ZONE =39
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 39 Then
ZONE =40
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 41 Then
ZONE =42
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 42 Then
ZONE =43
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex =43 Then
ZONE = 44
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If
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If Combo9.ListIndex = 44 Then
ZONE =45
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 45 Then
ZONE = 46
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 46 Then
ZONE =47
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 47 Then
ZONE =48
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 48 Then
ZONE =49
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If
If Combo9.ListIndex = 49 Then
ZONE = 50

lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If
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If Combo9.ListIndex = 50 Then
ZONE =51
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex =0
Text33 = lon0

End If

If Combo9.ListIndex = 51 Then
ZONE = 52
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 52 Then
ZONE = 53
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 53 Then
ZONE = 54
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0
End If

If Combo9.ListIndex = 54 Then
ZONE = 55
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If
If Combo9.ListIndex = 55 Then
ZONE = 56

lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If
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If Combo9.ListIndex = 56 Then
ZONE = 57
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 57 Then
ZONE =58
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 58 Then
ZONE = 59
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

If Combo9.ListIndex = 59 Then
ZONE = 60
lon0 = (ZONE * 6 - 3) - 180
Combo22.ListIndex = 0
Text33 = lon0

End If

End Sub
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e Conversion From longitude , latitude , height To X ,Y ,Z ( single point)

Private Sub Commandl Click()
lon = Textl
If Combol 1.ListIndex = 1 Then ' lon west
lon=(-1) * lon
Else
Combol1.Listindex = 0
End If

lat = Text2
If Combo12.ListIndex = 1 Then ' lat south
lat=(-1) * lat
Else
Combol2.ListIndex = 0
End If

h = Text3
A =Text7
b = Text8

f=(A-b)/A
c=A"2/b

2=(A"2-b"2)/A"2
ee2=(A"2-b72)/b"2

pie =3.141592654
latrad = lat * pie / 180
lonrad = lon * pie / 180

v=(1+ee2 * (Cos(latrad)) ~ 2) ~ 0.5
w= (1 - e2 * (Sin(latrad)) ~ 2) ~ 0.5
M=c/v”"3

N=c/v

Xge = (N + h) * Cos(latrad) * Cos(lonrad)

Ygc = (N + h) * Cos(latrad) * Sin(lonrad)
Zge = ((1 - e2) * N + h) * Sin(latrad)
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Textd = Xgc
Text5 = Ygc
Text6 = Zgc

End Sub

e Projection-Direct ( points file )

Private Sub Command10_Click()

Dim i As Integer

Dim FE, FN As Double ' false easting, false northing

Dim j, G, t, v1, lat0, lat0rad, lonOrad As Double

Dim easting, northing As Double ' cassini projection coordinate

Dim L, LO As Double 'distance along the meridian from equator to latitude

Dim k0, C1, al As Double

CommonDialog5.Filter = "Pt# XY (*.txt)|*.txt|"

CommonDialog5.ShowSave

If CommonDialog5.FileName <> "" Then
Open CommonDialog5.FileName For Output As #5

Fori=1To cnt

A = Val(Text20)
b = Val(Text21)
lat = Val(flat(i))

FE = Val(Text24)
FN = Val(Text25)
kO = Val(Text39)
lat0 = Val(Text26)
lon = Val(flon(i))
lon0 = Val(Text27)

If Combo19.ListIndex = 1 Then 'lat0 south
lat0 = (-1) * 1at0

Else
Combo19.ListIndex = 0

End If
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If Combo20.ListIndex = 1 Then 'lon0 west
lon0 = (-1) * lon0
Else
Combol1.ListIndex = 0

End If

e2=(A"2-b"2)/A"2
ee2=¢€2/(1-e2)

pie =3.141592654
latrad = lat * pie / 180

lonrad = lon * pie / 180
latOrad = lat0 * pie / 180
lonOrad = lon0 * pie / 180

If Combo8.ListIndex = 0 Then ' Cassini

j = (lonrad - lonOrad) * Cos(latrad) 'A
t = (Tan(latrad)) * 2

G =¢e2 * (Cos(latrad)) ~2 /(1 -e2) 'C

'L=M
'LO=MO

L=A*((1-€2/4-3%(€2)"2/64-5%(e2)~3/256)*latrad- (3 * €2 /8 + 3 * (¢2)
N2/ 32+45 % (e2) A 3/ 1024) * Sin(2 * latrad) + (15 * (€2) A 2 / 256 + 45 * (e2) ~ 3 / 1024) *
Sin(4 * latrad) - (35 * (e2) * 3 / 3072) * Sin(6 * latrad))

LO=A*((1-€2/4-3%(e2)"2/64-5%*(2)"3/256) * (latOrad) - (3 * €2/ 8 + 3 *
(e2) 2 /32 +45 * (e2) ~ 3/ 1024) * Sin(2 * latOrad) + (15 * (e2) A 2/ 256 + 45 * (2) 3 / 1024)
* Sin(4 * latOrad) - (35 * (€2) ~ 3 / 3072) * Sin(6 * latOrad))

vl=A/(1-e2 * (Sin(latrad)) ~ 2) * 0.5
easting=FE+ vl *(j-t*j*3/6-(8-t+8*G)*t*j~5/120)
northing = FN + L - LO + vl * Tan(latrad) * (G ~2)/2+ (5-t+ 6 * G) * (j ~4)/ 24)

Print #5, ptnr(i), easting, northing
End If 'Cassini
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If Combo8.ListIndex = 1 Then '"T™M

t = (Tan(latrad)) * 2
C1 =ee2 * (Cos(latrad)) 2 'C
al = (lonrad - lonOrad) * Cos(latrad) 'A

'L=M , L0=M0
L=A*((1-€2/4-3%(2)"2/64-5%(e2)~3/256)*latrad- (3 * €2 /8 + 3 * (c2)
A2 /32 +45*(e2) A3/ 1024) * Sin(2 * latrad) + (15 * (e2) A 2 / 256 + 45 * (e2) ~ 3
/1024) * Sin(4 * latrad) - (35 * (2) ~ 3/ 3072) * Sin(6 * latrad))
LO=A*((1-€2/4-3%(e2)"2/64-5%* (e2)~3/256) * (latOrad) - (3 * €2 /8 +3 *
(€2) A2 /32 + 45 * (€2) ~ 3/ 1024) * Sin(2 * latOrad) + (15 * (€2) ~ 2 / 256 + 45 *
(e2) ~ 3/ 1024) * Sin(4 * latOrad) - (35 * (2) ~ 3/ 3072) * Sin(6 * latOrad))

vl=A/(l-e2 * (Sin(latrad)) ~ 2) ~ 0.5

easting=FE+ kO *vl *(al + (1 -t+Cl)*al *"3/6+(5-18*t+t"2+72*Cl-58
*ee2) *al ~5/120)

northing = FN + k0 * (L - LO + vl * Tan(latrad) * (al *2/2+ (5-t+9*Cl+4 *Cl1 ~
2)*al"4/24+ (61-58*t+t"2+600*Cl-330*ee2) *al ~ 6/720))

Print #5, ptnr(i), easting, northing

End If 'T™M

Next i

End If

Close #5
End Sub

e Projection Inverse ( points file )

Private Sub Commandl1 Click()
CommonDialog8.Filter = "Pt# Lon Lat (*.*)[* *|"
CommonDialog8.ShowOpen

If CommonDialog8.FileName <> "" Then
Open CommonDialog8.FileName For Input As #8

cnt=0

Do Until EOF(8)

cnt=cnt+ 1
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Input #8, ptar(cnt), feasting(cnt), fnorthing(cnt)

Loop
Close #8
If CommonDialog8.CancelError = False Then
Command12.Enabled = True
End If

End If
End Sub

Private Sub Command12_Click()

Dim i As Integer

Dim pl, vl, D, M1, MUI, FE, FN, el, fl, L1, L0, T1 As Double
Dim easting, northing, lat0, latOrad, lonOrad As Double

Dim kO, C1 As Double

Dim ZONE As Double

CommonDialog7.Filter = "Pt# X Y h (*.txt)[*.txt|"
CommonDialog7.ShowSave

If CommonDialog7.FileName <> "" Then
Open CommonDialog7.FileName For Output As #7

Fori=1 To cnt
A = Val(Text28)
b=Val(Text29) ° 'calculate lat, lon
kO = Val(Text38)
FE = Val(Text30)
FN = Val(Text31)
lat0 = Val(Text32)

If Combo21.ListIndex = 1 Then 'lat0 south
lat0 = (-1) * lat0
Else
Combo21.ListIndex = 0

End If

lon0 = Val(Text33)
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If Combo22.ListIndex = 1 Then 'lon0 west
lon0 = (-1) * lon0
Else
Combo22.ListIndex = 0

End If

easting = feasting(i)

northing = fnorthing(i)

pie = 3.141592654
latOrad = lat0 * pie / 180
lonOrad = lon0 * pie / 180

If Combo7.ListIndex = 0 Then ' Cassini
e2=(A"2-b"2)/A"2
LO=A*((1-e2/4-3*(e2)"2/64-5%*(e2)"3/256)* (latOrad) - (3 *e2 /8 +3 * (e2) *
2/32+45*(e2) ~3/1024) * Sin(2 * latOrad) + (15 * (e2) ~2 /256 + 45 * (e2) ~ 3/
1024) * Sin(4 * latOrad) - (35 * (e2) ~ 3 /3072) * Sin(6 * latOrad)) 'MO ‘MO
L1=L0 + (northing - FN) 'M
MUI=LI/(A*(1-e2/4-3*%e272/64-5%e2"3/256))

el=(1-(1-2)20.5)/(1+(1-€2)0.5)

fl = MUL + (3 *el /2) - (27 * (el) ~ 3/32)) * Sin(2 * MUI1) + ((21 * (el) » 2/ 16) - (55 *
(el) ~4/32)) * Sin(4 * MU1) + (151 * (el) ~ 3/ 96)) * Sin(6 * MU1) + ((1097 * (el) ~
4/512)) * Sin(8 * MU1) 'lat

T1 = (Tan(fl)) ~ 2
vl=A/(l-e2*(Sin(fl))*2)"0.5
pl=A*(1-€2)/(1-€2*(Sin(fl))*2)"1.5

D = (easting - FE) / vl

latrad = f1 - (vl * Tan(fl) /pl) * (D *2)/2-(1 +3 *T1) * (D" 4)/24)
lat = latrad * 180 / pie

lonrad = lon0rad + (D - T1 *D~3/3+ (1 +3*T1)*T1 *D~5/15)/ Cos(fl)
lon = lonrad * 180 / pie

Print #7, ptnr(i), lat, lon

End If ' Cassini
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If Combo7.Listindex =1 Then 'TM
e2=(A"2-b"2)/AN2
ee2=¢e2/(l-e2)

LO=A*((1-e2/4-3%(2"2)/64-5%(e2”3)/256) * latOrad - (3 ¥ €2 / 8 + 3 * (e2
2)/32+45 * (e2 ~ 3) / 1024) * Sin(2 * latOrad) + (15 * (€2 ~ 2) / 256 + 45 * (e2 ~ 3) /
1024) * Sin(4 * latOrad) - (35 * (€2 ~ 3) / 3072) * Sin(6 * latOrad))

L1 = L0 + (northing - FN) / k0

MUI=L1/(A*(1-e2/4-3%e2"2/64-5%e2"3/256))

el =(1-(1-€2)20.5)/(1+(l-e2)"0.5)

f1 =MUL + ((3 * el /2) - (27 * (el) »3/32)) * Sin(2 * MU1) + (21 * (e1) A 2/ 16) - (55 *
(e1) ~ 4/32)) * Sin(4 * MUI1) + ((151 * (e1) ~ 3 /96)) * Sin(6 * MU1) + ((1097 * (e1)
A4/512)) * Sin(8 * MU1) 'lat

T1 = (Tan(f1)) » 2
Cl = ee2 * (Cos(latOrad)) » 2 'C

vl=A/(1-e2*(Sin(fl)) *2)"0.5
pl=A*(1-¢€2)/(1-e2*(Sin(fl))*2)" 1.5
D = (easting - FE) / (vl *¥k0) 'D

latrad = fl - (v1 * Tan(fl) /pl) *(D"2/2-(5+3*TL+10*Cl-4*Cl1 ~2-9 *ee2) *
D"4/24+(61+90*T1 +298*C1+45*T1"2-252%ee2-3*%C172)*D"6
/720)

lat = latrad * 180 / pie

lonrad = lon0rad + (D-(1 +2*TL+Cl)*D"3/6+(5-2*Cl +28*T1-3*C1"2+8
*ee2 +24*T172)*D~5/120)/ Cos(fl)
lon = lonrad * 180 / pie

Print #7, ptar(i), lat, lon

End If '™
Next i

End If

Close #7

End Sub
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Private Sub Command13_Click()
Form3.Show

End Sub

e Conversion From X, Y ,Z To longitude , latitude , height ( single point)

Private Sub Command2_Click()
Dim i As Integer

Xgc = Val(Text9)
Ygc = Val(Text10)
Zgc = Val(Textl1)

A = Val(Textl5)
b = Val(Text16)

f=(A-b)/A
c=A"2/b
2=(A"2-b"2)/A"2
ee2=(A"2-b"2)/b"2

pie = 3.141592654
lonrad = Atn(Ygc / Xgc) ' tan inverse

lon = lonrad * 180 / pie

Iflon <0 Then ' lon west
Combo13.ListIndex = 1
lon=(-1) * lon

Else
Combo13.ListIndex = 0

End If

Textl2 = lon

latrad = Atn((Zge / (Xgc "2+ Ygc 2 2) 2 0.5) * (1 - €2) ~-1)
lat = latrad * 180 / pie

Fori=1To 20
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v = (1 +ee2 * (Cos(latrad)) ~ 2) ~ 0.5

N=c/v

latrad = Atn((Zge / (Xgc ~2+Ygec ~2)70.5) ¥ (1 -e2 * N/ (N +h)) ~-1)
lat = latrad * 180 / pie

h= (((Xge ~ 2 + Yge 2 2) 2 0.5) / Cos(latrad)) - N

v=(1+ ee2 * (Cos(latrad)) ~ 2) * 0.5
N=c/v
Next i

If lat < 0 Then 'lat south
Combol4.ListIndex = 1
lat=(-1) * lat

Else
Combol4.ListIndex = 0
End If
Textl3 = lat
Textl4=h
End Sub

e Projection-diret (single point )

Private Sub Command3_Click()

Dim FE, FN As Double 'false_easting, false northing

Dim j, G, t, v1, lat0, latOrad, lonOrad As Double

Dim easting, northing As Double ' cassini projection coordinate

Dim L, LO As Double 'distance along the meridian from equator to latitude
Dim kO, C1, al As Double

A = Val(Text20)
b = Val(Text21)
lat = Val(Text22)

If Combol5.Listindex = 1 Then ' lat south
lat=(-1) * lat
lat0 = (-1) * lat0
Combo19.ListIndex = 1

Else
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Combol5.ListIndex = 0
End If

FE = Val(Text24)
FN = Val(Text25)
lat0 = Val(Text26)

If Combo19.ListIndex = 1 Then ' 1at0 south
lat0 = (-1) * lat0

Else
Combol9.ListIndex = 0

End If

kO = Val(Text39)

e2=(A"2-b*2)/A”2
ee2=e2/(1-e2)

pie = 3.141592654
latrad = lat * pie / 180

If Combo8.ListIndex = 0 Then ' Cassini
lon = Val(Text23)

If Combo16.ListIndex = 1 Then ' lon west
lon=(-1) * lon
lon0 = (-1) * lon0
Combo20.ListIndex = 1
Else
Combo16.ListIndex = 0
End If

lon0 = Val(Text27)

If Combo20.ListIndex = 1 Then " lon0 west
lon0 = (-1) * lon0
Else
Combol1.ListIndex = 0

End If
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lonrad = lon * pie / 180
latOrad = lat0 * pie / 180
lonOrad = lon0 * pie / 180

J = (lonrad - lonOrad) * Cos(latrad) 'A
t = (Tan(latrad)) ~ 2
G =e2 * (Cos(latrad)) ~ 2/ (1 - €2) 'C

'L-M
'LO=MO

L=A*((1-¢2/4-3%(2)~2/64-5 *(62)"3/256)*latrad-(3*e2/8+3*(62)A2/32
+45*(e2) 7 3/1024) * Sin(2 * latrad) + (15 * (€2) " 2/256+ 45 * (€2) ~ 3/ 1024) * Sin(4
* latrad) - (35 * (e2) ~ 3/3072) * Sin(6 * latrad))

LO:A*((I-62/4-3*(e2)’\2/64-5*(62)’\3/256)*(lat0rad)-(3 *e2/8+3*(e2)2
/32+45* (e2) ~ 3/ 1024) * Sin(2 * latOrad) + (15 * (e2) ~ 2 /256 + 45 * (e2) ~3/1024) *
Sin(4 * latOrad) - (35 * (€2) ~ 3/ 3072) * Sin(6 * latOrad))

vl=A/(l - e2 * (Sin(latrad)) » 2) A 0.5

easting=FE+v1*(j-t*j“3/6-(8-t+8*G)*t*j"S/120)
northing=FN + L - L0 + vl *Tan(latrad)*((j"2)/2+(5-t+6*G)*(j"4)/24)

Text18 = easting
Textl9 = northing

End If ' Cassini

If Combo8.ListIndex = 1 Then 'TM
lon = Val(Text23)

If Combo16.ListIndex = 1 Then 'lon west
lon=(-1) * lon
lon0 = (-1) * lon0
Combo20.ListIndex = 1
Else
Combol6.ListIndex = 0
End If
lon0 = Val(Text27)
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If Combo20.ListIndex = 1 Then 'lon0 west
lon0 = (-1) * lon0
Else
Combo20.ListIndex = 0

End If

lonrad = lon * pie / 180
latOrad = lat0 * pie / 180
lonOrad = lon0 * pie / 180

t = (Tan(latrad)) ~ 2
Cl = ee2 * (Cos(latrad)) ~ 2 'C
al = (lonrad - lonOrad) * Cos(latrad) 'A

'L=M , LO=M0
L=A*((1-62/4-3%(e2)"2/64-5%(e2)~3/256) * latrad - (3 * €2 / § + 3 *(e2)72/32
45 % (e2) %3 /1024) * Sin(2 * latrad) + (15 * (e2) A 2/ 256 + 45 * (¢2) A 3 / 1024) * Sin(4
* latrad) - (35 * (€2) 3 /3072) * Sin(6 * latrad))
LO=A*((1-e2/4-3%(e2)"2/64-5* (e2)~3/256) * (latOrad) - (3 * €2 / 8 + 3 * (e2) A2
/32+45% (e2) " 3/1024) * Sin(2 * latOrad) + (15 * (2) 2 / 256 + 45 * (e2) 3 /1024) *
Sin(4 * latOrad) - (35 * (e2) ~ 3/ 3072) * Sin(6 * latOrad))

vl =A/(1-e2 * (Sin(latrad)) » 2) ~ 0.5

easting=FE+kO*vl*(a1+(l-t+C1)*al’\3/6+(5-18*t+t"2+72*C1-58*ee2)
*al ~5/120)

northing = FN + k0 * (L - L0 + v *Tan(latrad)*(al"2/2+(5-t+9*Cl+4*C1"2)*al

"4/24+(61—58*t+t’\2+600*C1-330*ee2)*al’\6/720))

Text18 = easting
Textl9 = northing

End If 'TM

If Combo2.ListIndex = 2 Then ' UTM
lon = Val(Text23)

If Combo16.ListIndex = 1 Then 'lon west

lon=(-1) * lon

lon0 = (-1) * lon0
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Combo20.ListIndex = 1

Else

Combol6.ListIndex = 0
End If

lon0 = Val(Text27)

If Combo20.ListIndex = 1 Then 'lon0 west
lon0 = (-1) * lon0
Else
Combo20.ListIndex = 0

End If

lonrad = lon * pie / 180
latOrad = lat0 * pie / 180
lonOrad = lon0 * pie / 180

t = (Tan(latrad)) ~ 2
Cl =ee2 * (Cos(latrad)) ~ 2 'C
al = (lonrad - lonOrad) * Cos(latrad) 'A

'L=M , L0=M0
L=A*(1-€2/4-3 *(e2)"2/64-5*(e2)A3/256)*1atrad-(3*e2/8+3*(e2)"2/32
+45 * (e2) ~ 3/ 1024) * Sin(2 * latrad) + (15 * (e2) 2/ 256 + 45 * (e2) ~3/1024) * Sin(4
* latrad) - (35 * (e2) * 3 /3072) * Sin(6 * latrad))
LO=A*((1 -e2/4—3*(e2)’\2/64—5*(62)"3/256)*(1at0rad)-(3*e2/8+3*(e2)A2
/32+45% (e2) ~3/1024) * Sin(2 * latOrad) + (15 * (e2) 22/ 256 + 45 * (e2) ~3/1024) *
Sin(4 * latOrad) - (35 * (e2) A 3 / 3072) * Sin(6 * latOrad))

vl=A/(l - €2 * (Sin(latrad)) ~ 2) A 0.5

easting=FE+k0*vl*(al+(l-t+C1)*al’\3/6+(5-18*t+t’\2+72*Cl—58*ee2)
*al 75/ 120)

northing = FN + k0 * (L - L0 + v1 * Tan(latrad) * (a1 2/2 + (5-t+9* Cl +4*C1 A 2) * 4]
"4/24% (61 -58 *t+1"2+600* Cl - 330 * ee2) *al A 6/720))

Text18 = easting
Text19 = northing
EndIf 'UTM
End Sub
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e Projection — Inverse ( single point)

Private Sub Command4_Click()

Dim pl, vl, D, M1, MU, FE, FN, el, f1, L1, LO, T1 As Double
Dim easting, northing, lat0, latOrad, lonOrad As Double

Dim kO, C1 As Double

Dim ZONE As Double

A = Val(Text28)

b = Val(Text29) 'calculate lat , lon
kO = Val(Text38)

FE = Val(Text30)

FN = Val(Text31)

lat0 = Val(Text32)

If Combo21.ListIndex = 1 Then 'lat0 south
lat0 = (-1) * lat0
Else
Combo21.ListIndex = 0

End If

lon0 = Val(Text33)

If Combo22.ListIndex = 1 Then 'lon0 west
lon0 = (-1) * lon0
Else
Combo22.Listindex = 0

End If

easting = Val(Text34)
northing = Val(Text35)

pie = 3.141592654
latOrad = lat0 * pie / 180
lonOrad = lon0 * pie / 180

If Combo7.ListIndex = 0 Then ' Cassini
e2=(A"2-b"2)/A"2
LO=A*((1-e2/4-3*%(2)"2/64-5%*(e2)"3/256)* (latOrad) - (3 *e2/8 +3 * (e2) *
2/32+45 * (e2) ~ 3/ 1024) * Sin(2 * latOrad) + (15 * (e2) ~2 /256 + 45 * (e2) ~ 3/
1024) * Sin(4 * latOrad) - (35 * (e2) ~ 3 /3072) * Sin(6 * latOrad)) ‘MO
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L1 = L0 + (northing - FN) 'M
MUL=L1/(A*(1-¢2/4-3%e2"2/64-5%e2"3/256))

el=(-(1-e2)70.5)/(1+(1-€2)70.5)

fl=MUI + ((3*el/2)-(27 * (el) 3 /32)) * Sin(2 * MU1) + ((21 * (el) 2/ 16) - (55 *
(el) ~4/32)) * Sin(4 * MU1) + ((151 * (el) ~ 3 /96)) * Sin(6 * MUI1) + ((1097 * (el) »
4/512)) * Sin(8 * MU1) 'lat

T1 = (Tan(fl)) ~ 2
vl=A/(1-e2*(Sin(fl))~2) " 0.5
pl=A*(1-¢e2)/(1-e2*(Sin(fl))*2)" 1.5
D = (easting - FE) / vl

latrad = f1 - (vl * Tan(fl) /p1) * (D" 2)/2- (1 +3 * T1) * (D ~4)/24)
lat = latrad * 180 / pie

Text36 = lat

Iflat < 0 Then 'lat south
Combol7.ListIndex = 1
lat = (-1) * lat

Else
Combol7.ListIndex = 0

End If

lonrad = lonOrad + (D-T1 *D"3/3+(1+3*T1)*TL *D 5/ 15)/ Cos(fl)
lon = lonrad * 180 / pie

Iflon < 0 Then 'lon west
Combol8.ListIndex = 1

lon = (-1) * lon

Else

Combol8.ListIndex = 0
End If

Text37 = lon

End If ' Cassini
If Combo7.ListIndex = 1 Then 'TM

€2=(A"2-b"2)/AN2
ee2=e2/(l-e2)

169



APPENDIX — (A)

LO=A*((1-e2/4-3*%(2"2)/64-5*(e2"3)/256) * latOrad - 3 * €2 /8 +3 * (e2 »
2)/32+45 * (e2 ~3)/1024) * Sin(2 * latOrad) + (15 * (e2 ~2) /256 + 45 * (e2 " 3) /
1024) * Sin(4 * latOrad) - (35 * (e2 " 3) / 3072) * Sin(6 * latOrad))

L1 =10 + (northing - FN) / kO

MUI=L1/(A*(1-e2/4-3%e272/64-5%*e2"3/256))

el=(1-(1-€2)20.5)/(1+(1-e2)"0.5)

fl = MUL + ((3 *el /2) - (27 * (el) ~ 3/32)) * Sin(2 * MU1) + (21 * (1) ~ 2/ 16) - (55 *
(el) ~4/32)) * Sin(4 * MUI) + ((151 * (el) ~ 3/ 96)) * Sin(6 * MU1) + (1097 * (el) »
4/512)) * Sin(8 * MU1) 'lat

T1 = (Tan(fl)) ~ 2
C1 =ee2 * (Cos(latOrad)) ~ 2 'C

vl=A/(1-¢e2*(Sin(fl)) *2) " 0.5
pl=A*(1-e2)/(1-€e2*(Sin(fl))*2)* 1.5
D = (easting - FE) / (vl *k0) 'D

latrad = f1 - (vl * Tan(fl) /pl) *(D"2/2-(5+3*T1+10*Cl-4*C1~2-9 *ee2) *D "
4/24+(61+90*T1+298*C1+45*T1"2-252*%ee2-3*C1*2)*D"6/720)
lat = latrad * 180 / pie

Iflat < 0 Then 'lat south
Combol7.ListIndex = 1
lat = (-1) * lat

Else
Combol7.ListIndex = 0

End If

Text36 = lat

lonrad = lon0rad + (D-(1 +2*TI+Cl)*D"3/6+(5-2*Cl+28*T1-3*Cl1~2+8
*ee2 +24 *T172) *D~5/120)/ Cos(fl)
lon = lonrad * 180 / pie

If lon < 0 Then 'lon west
Combo18.ListIndex = 1
lon = (-1) * lon

Else
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Combo18.ListIndex =0

End If
Text37 = lon
End If 'T™™

If Combo6.ListIndex =2 Then 'UTM

If Combo9.ListIndex < 30 Then
lon0 = (-1) * lon0
Combo22.ListIndex = 1

End If

lonOrad = lon0 * pie / 180
e2=(A"2-b"2)/AN2
ee2=¢€2/(l-e2)

LO=A*((1-e2/4-3%(e2"2)/64-5%(e2"3)/256) * latOrad - (3 * €2 / 8 + 3 * (€2 A
2) /32 +45 * (€2~ 3)/ 1024) * Sin(2 * latOrad) + (15 * (€2 ~ 2) / 256 + 45 * (e2 A 3) /
1024) * Sin(4 * latOrad) - (35 * (2 ~ 3) / 3072) * Sin(6 * latOrad))

L1 =10+ (northing - FN) / k0

MUI=LI/(A*(1-€2/4-3*%e2"2/64-5%*e2"3/256))

el =(1-(1-€2)70.5)/(1+(1-e2)"0.5)

fl=MUL+ (3 *el /2)- (27 * (el) ~3/32)) * Sin(2 * MU1) + (21 * (e1) ~ 2/ 16) - (55 *
(el) N4 /32)) * Sin(4 * MUL) + (151 * (el) ~ 3/ 96)) * Sin(6 * MU1) + (1097 * (1) A
4/512)) * Sin(8 * MU1) 'lat

T1 = (Tan(fl)) ~ 2
Cl =ee2 * (Cos(latOrad)) 2 'C

vl=A/(l-e2 * (Sin(fl)) ~ 2) ~ 0.5
pl=A*(l-e2)/(1-e2*(Sin(fl))*2)~ 1.5
D = (easting - FE) / (vl * k0) 'D

latrad = f1 - (v1 * Tan(fl) / p1) * (D*2/2-(5+3*TI+10*Cl -4 *C1 ~2-9 *¢e2) *
D7"4/24+(61+90*T1+298*C1+45*T112-252%ee2-3*C172)*D"6
/720)

lat = latrad * 180 / pie
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If lat < 0 Then 'lat south
Combo17.ListIndex = 1
lat=(-1) * lat

Else
Combol7.ListIndex = 0

End If
Text36 = lat

lonrad = lon0rad + (D- (1 +2*T1+CI1)*D"3/6+(5-2*C1+28*T1-3*Cl1~2+8
*ee2+24*T172)*D"5/120)/ Cos(fl)
lon = lonrad * 180 / pie

If lon < 0 Then 'lon west
Combo18.ListIndex = 1

lon=(-1) * lon

Else
Combo18.ListIndex = 0
End If
Text37 = lon
End If 'UT™M
End Sub

Private Sub Command5_Click()
CommonDialogl.Filter = "Pt# Lon Lat h (¥.%)[* *"
CommonDialogl.ShowOpen

If CommonDialog1.FileName <> "" Then
Open CommonDialog].FileName For Input As #1

cnt=20
Do Until EOF(1)
cnt=cnt+ 1

Input #1, ptar(cnt), flon(cnt), flat(cnt), th(cnt)

Loop
Close #1
If CommonDialogl.CancelError = False Then
Command6.Enabled = True
End If
End If
End Sub
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e Conversion From longitude , latitude , height To X, Y , Z ( points file)
Private Sub Command6_Click()
Dim i As Integer

CommonDialog2.Filter = "Pt# X Y h (*.txt)|*.txt|"
CommonDialog2.ShowSave

If CommonDialog2.FileName <> "" Then
Open CommonDialog2.FileName For Output As #2

Fori=1 To cnt
lon = Val(flon(i))
lat = Val(flat(i))
h = Val(th(i))
A = Val(Text7)
b = Val(Text8)

f=(A-b)/A
c=A"2/b
€2=(A"2-b"2)/A"2
ee2=(A"2-b"2)/b"2

pie = 3.141592654
latrad = lat * pie / 180
lonrad = lon * pie / 180

v=(1+ee2 * (Cos(latrad)) ~ 2) ~ 0.5
w = (1 - e2 * (Sin(latrad)) ~ 2) * 0.5
M=c/v"3

N=c/v

Xgc = (N + h) * Cos(latrad) * Cos(lonrad)
Ygc = (N + h) * Cos(latrad) * Sin(lonrad)
Zgc = ((1 - €2) * N + h) * Sin(latrad)

Print #2, ptar(i), Xgc, Yge, Zge
Next i

End If

Close #2

End Sub
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e Conversion From X,Y ,Z To longitude , latitude , height (points file)

Private Sub Command7_Click() ' from flon flat th to xgc ygc zgc
Dim j As Integer
Dim i As Integer

CommonDialog4.Filter = "Pt# lon lat h (*.txt)|*.txt|"

CommonDialog4.ShowSave

If CommonDialog4.FileName <> "" Then
Open CommonDialog4.FileName For Output As #4

Fori=1 To cnt

Xgc = Val(fXgc(i))
Ygc = Val(fYgc(i))
Zgce = Val(fZgc(i))

A = Val(Textl5)
b = Val(Text16)

f=(A-b)/A
c=A"2/b
e2=(A"2-b"2)/AN2
ee2=(A"2-b72)/b" 2

pie = 3.141592654
lonrad = Atn(Yge / Xgc) 'tan inverse
lon = lonrad * 180 / pie

latrad = Atn((Zge / (Xgc ~ 2 + Ygc 2 2) 2 0.5) * (1 - €2) ~-1)
lat = latrad * 180 / pie

Forj=1To 20

v=(1+ee2 * (Cos(latrad)) * 2) * 0.5

N=c/v

latrad = Atn((Zge / (Xge 2+ Yge 2 2) 2 0.5) * (1 -2 * N/ (N + h)) A -1)
lat = latrad * 180 / pie

h=(((Xgec "~ 2+ Ygc*2)"0.5)/ Cos(latrad)) - N

v=(1+ee2 * (Cos(latrad)) ~ 2) 2 0.5
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N=c/v
Next j

Print #4, ptnr(i), lon, lat, h
Next i

End If
Close #4
End Sub

Private Sub Command8 Click()
CommonDialog3.Filter = "Pt# Lon Lat h (*.¥)[* *"
CommonDialog3.ShowOpen

If CommonDialog3.FileName <> "" Then
Open CommonDialog3.FileName For Input As #3

cnt=0
Do Until EOF(3)
cnt=cnt + 1

Input #3, ptnr(cnt), fXgc(ent), fYgce(ent), fZge(cnt)

Loop
Close #3
If CommonDialog3.CancelError = False Then
Command7.Enabled = True
End If

End If
End Sub

Private Sub Command9 Click()
CommonDialog6.Filter = "Pt# Lon Lat (*.%)[* *|"

CommonDialog6.ShowOpen

If CommonDialog6.FileName <> "" Then
Open CommonDialog6.FileName For Input As #6

cnt=0
Do Until EOF(6)
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cnt=cnt+ 1

Input #6, ptar(cnt), flat(cnt), flon(cnt)

Loop
Close #6
If CommonDialog6.CancelError = False Then
Command10.Enabled = True
End If

End If
End Sub

Private Sub Form Load()
Combo10.ListIndex = 35
Combo9.ListIndex = 35
Comboll.ListIndex = 0
Combo12.ListIndex = 0
Combo15.ListIndex = 0
Combo16.ListIndex = 0

optpt.Value = 1
Command5.Enabled = False
Command6.Enabled = False
Framel4.Visible = True
Command!.Visible = True
Framel3.Visible = True

Optpt2.Value = 1
Command8.Enabled = False
Command?7.Enabled = False
Framel7.Visible = True
Command?.Visible = True
Framel6.Visible = True

Optpt3.Value = 1
Command9.Enabled = False
Command10.Enabled = False
Framel.Visible = True
Command3.Visible = True

Frame2.Visible = True
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OptptS.Value = 1

Command! 1.Enabled = False
Command12.Enabled = False
Frame7.Visible = True
Command4.Visible = True
Frame8.Visible = True

End Sub

Private Sub optfile Click()
Command5.Enabled = 1
Command6.Enabled = 0
Framel4.Visible = 0
Command!.Visible = 0
Framel3.Visible = 0

End Sub

Private Sub Optfilel Click()
Command8.Enabled = 1
Command?7.Enabled = 0
Framel7.Visible = 0
Command2.Visible = 0
Framel6.Visible = 0

End Sub

Private Sub Optfile4 Click()
Command9.Enabled = 1
Command10.Enabled = 0
Framel.Visible = 0
Command3.Visible = 0
Frame2.Visible = 0

End Sub

Private Sub Optfile6 Click()
Command! 1.Enabled = 1
Command12.Enabled = 0
Frame7.Visible = 0
Command4.Visible = 0
Frame8.Visible = 0

End Sub
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Private Sub optpt Click()
Command5.Enabled = False
Command6.Enabled = False
Framel4.Visible = True
Command].Visible = True
Framel3.Visible = True

End Sub

Private Sub Optpt2 Click()
Command8.Enabled = False
Command?7.Enabled = False
Framel7.Visible = True
Command?2.Visible = True
Framel6.Visible = True
End Sub

Private Sub Optpt3 Click()
Command9.Enabled = False
Command10.Enabled = False
Framel.Visible = True
Command3.Visible = True
Frame2.Visible = True

End Sub

Private Sub Optpt5 Click()
Command! 1.Enabled = False
Command12.Enabled = False
Frame7.Visible = True
Command4.Visible = True
Frame8.Visible = True

End Sub

Private Sub Text23 Change()
lon = Text23
ZONE = Int((lon + 180) / 6) + 1
lon0 = (ZONE * 6 - 3) - 180
Combo10.ListIndex = ZONE - 1
Text27 = lon0

End Sub
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APPENDIX - (B)
Datum Transformation
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Option Explicit

Datum Transformation

Dimmll, ml2, m13, m21, m22, m23, m31, m32, m33 As Double
Dim x1, x2, y1, y2, z1, zZ2 As Double

Dim s, Tx, Ty, Tz As Double

Dim rx, ry, rz As Double ' omega,fay,kaba

Dim rx_rad, ry rad, rz_rad, pie As Double

Dim fx1(0 To 1000), fy1(0 To 1000), fz1(0 To 1000) As Double

Dim frotation_x(0 To 1000), frotation_y(0 To 1000), frotation z(0 To 1000) As Double

Dim fTranslation x(0 To 1000), fTranslation y(0 To 1000), fTranslation z(0 To 1000) As

Double

Dim fscal(0 To 1000) As Double
Dim ptar(0 To 1000) As Integer

Dim cnt As Integer

Private Sub Combol_Click()

If Combol.ListIndex = 0 Then

Textl.Enabled = False

Text2.Enabled = False

Textl = 6378300.79

Text2 = 6356566.435
End If

If Combol.ListIndex = 1 Then

Textl.Enabled = False

Text2.Enabled = False

Textl = 6377483.865

Text2 = 6356165.383
End If

If Combol.ListIndex = 2 Then

Textl.Enabled = False

Text2.Enabled = False

Textl = 6378137

Text2 = 6356752.314
End If

' Ellipsoid

' Clarck 1880

' a:semimajor

' b:semiminor

' Bessel

' a:semimajor

' b:semiminor

"GRS80

' a:semimajor

' b:semiminor
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If Combol.ListIndex = 3 Then
Textl.Enabled = False
Text2.Enabled = False
Textl = 6378160
Text2 = 6356774.516

End If

If Combol.ListIndex = 4 Then
Textl.Enabled = False
Text2.Enabled = False
Textl = 6378137
Text2 = 6356752.314

End If

If Combol.ListIndex = 5 Then
Textl.Enabled = True
Text2.Enabled = True
Textl = 6378300.79
Text2 = 6356566.43000004

End If

End Sub

Private Sub Combo2_Click()

If Combo2.ListIndex = 0 Then
Text3.Enabled = False
Text4.Enabled = False
Text3 = 6378300.79
Text4 = 6356566.435

End If

If Combo2.ListIndex = 1 Then
Text3.Enabled = False
Text4.Enabled = False
Text3 = 6377483.865
Text4 = 6356165.383

End If

If Combo2.ListIndex = 2 Then
Text3.Enabled = False

'GRS67

' azsemimajor

' b:semiminor

'WGS84

' a:semimajor

' b:semiminor

"user define

' a:semimajor

' b:semiminor

' Clarck 1880

' a:semimajor

' b:semiminor

' Bessel

' a:semimajor

' b:semiminor

' GRS80
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Text4.Enabled = False

Text3 = 6378137 ' a:semimajor
Text4 = 6356752.314 ' b:semiminor
End If

If Combo2.Listindex =3 Then ' GRS67
Text3.Enabled = False
Text4.Enabled = False

Text3 = 6378160 ' a:semimajor
Text4 = 6356774.516 ' b:semiminor
End If

If Combo2.Listindex =4 Then ' WGS84
Text3.Enabled = False
Text4.Enabled = False

Text3 = 6378137 ' a:semimajor
Text4 = 6356752.314 ' b:semiminor
End If

If Combo2.ListIndex = 5 Then  ‘user define
Text3.Enabled = True
Text4.Enabled = True

Text3 = 6378300.79 ' a:semimajor
Text4 = 6356566.43000004 ' b:semiminor
End If
End Sub

e 7 parameter similiarity ( single point )

Private Sub Command1_Click()

If method.ListIndex = 0 Then ' 7 parameter

x1 = Val(x11)
yl =Val(yll)
zl =Val(zl1)
rx = Val(rotation x)
ry = Val(rotation_y)
rz = Val(rotation_z)

s = Val(scal)
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Tx = Val(Translation x)
Ty = Val(Translation_y)
Tz = Val(Translation_z)

pie =3.141592654

rx_rad =rx * pie / 180 'omega
ry_rad =ry * pie/ 180 'fay
rz_rad =1z * pie / 180 'kaba

ml 1 = Cos(ry_rad) * Cos(rz_rad)
ml2 = Sin(rx_rad) * Sin(ry_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(rz_rad)
ml3 = Sin(rx_rad) * Sin(rz_rad) - Cos(rx_rad) * Sin(ry rad) * Cos(rz_rad)

m21 = -1 * Cos(ry_rad) * Sin(rz_rad)
m22 = Cos(rx_rad) * Cos(rz_rad) - Sin(rx_rad) * Sin(ry_rad) * Sin(rz_rad)
m23 = Sin(rx_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(ry rad) * Sin(rz_rad)

m31 = Sin(ry_rad)
m32 = -1 * Sin(rx_rad) * Cos(ry_rad)
m33 = Cos(rx_rad) * Cos(ry rad)

x2=s*(mll *x1 +m21 *yl +m31 * z1) + Tx
y2=s*(ml2 *x1+m22 *yl + m32 * z1) + Ty
z2=s*(ml3 *x1 +m23 *yl + m33 *z1) + Tz

x22=x2
y22=1y2
z22 =22

End If

® 6 parameter similiarity ( single point )

If method.ListIndex = 1 Then '6 parameter
x1 = Val(x11)
yl =Val(yll)
zl = Val(zl1)
rx = Val(rotation_x)

ry = Val(rotation_y)
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rz = Val(rotation_z)

Tx = Val(Translation_x)
Ty = Val(Translation_y)
Tz = Val(Translation z)

pie = 3.141592654

rx_rad =rx * pie / 180 'omega
ry_rad =ry * pie / 180 'fay
rz_rad =1z * pie / 180 'kaba

ml1 = Cos(ry rad) * Cos(rz_rad)
ml2 = Sin(rx_rad) * Sin(ry_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(rz_rad)
ml3 = Sin(rx_rad) * Sin(rz_rad) - Cos(rx_rad) * Sin(ry rad) * Cos(rz_rad)

m21 = -1 * Cos(ry_rad) * Sin(rz_rad)
m22 = Cos(rx_rad) * Cos(rz_rad) - Sin(rx_rad) * Sin(ry_rad) * Sin(rz_rad)
m23 = Sin(rx_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(ry_rad) * Sin(rz_rad)

m31 = Sin(ry_rad)
m32 = -1 * Sin(rx_rad) * Cos(ry_rad)
m33 = Cos(rx_rad) * Cos(ry rad)

x2=mll *x1 + m21 *yl + m31 * z] + Tx
y2=ml2 *x1 +m22 *yl + m32 * z1 + Ty
z2=ml3 *x1 +m23 *yl + m33 *z1 + Tz

x22 =x2

y22=y2

222 =22
End If

e 3 parameter similiarity ( single point )

If method.ListIndex = 2 Then '3 parameter
x1 =Val(x11)
yl =Val(yll)
zl = Val(zl1)
Tx = Val(Translation_x)

Ty = Val(Translation_y)
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Tz = Val(Translation_z)

x2=x1+Tx
y2=yl+ Ty
22=z1+Tz

x22 =x2
y22=y2
722 =22
End If
e  Helmert Transformation ( single point )

If method.ListIndex = 3 Then 'Helmert

x1 = Val(x11)
yl =Val(yll)
z] = Val(zl1)

rx = Val(rotation_x)
ry = Val(rotation_y)

rz = Val(rotation_z)

s = Val(scal)

Tx = Val(Translation_x)

Ty = Val(Translation_y)

Tz = Val(Translation_z)
xX2=s¥xl+rz*yl-ry*zl)+ Tx
y2=s*(rz*xl+yl+rx *zl)+ Ty
z22=s*(ry*xl-rx*yl +zl)+ Tz
x22 =x2

y22=y2

z22 =272

End If
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e Moldensky transformation ( single point )

If method.ListIndex = 4 Then ' Moldensky

Dim al, a2, bl, b2, fl, 2 As Double

Dim Rm, Rn, s1 As Double

Dim da, df, dx, dy, dz As Double

Dim dlat, dlon, dh, €2, lon2, 1at2, h2, h As Double

al = Val(Textl)
bl = Val(Text2)
a2 = Val(Text3)
b2 = Val(Text4)
rx = Val(x11)
ry = Val(yl1)
h=Val(zl1)

dx = Val(Translation_x)
dy = Val(Translation_y)

dz = Val(Translation_z)

pie = 3.141592654
rx_rad =rx * pie / 180 'lat

ry_rad=ry * pie / 180 'lon

fl=(al -bl)/al
e2=((al *2)-(b1"2))/(al ~2)
f2=(a2-b2)/a2

da=a2-al
df=12 -1l

Rm = (al *(1-¢€2))/ (1l -e2* (Sin(rx_rad)) *2) " 1.5
Rn=(al) /(1 -e2 * (Sin(rx_rad)) ~2)~ 0.5

dlat = (-1 * dx * Sin(rx_rad) * Cos(ry rad) - dy * Sin(rx_rad) * Sin(ry rad) + dz *
Cos(rx_rad) + (da/al) * (Rn * €2 * Sin(rx_rad) * Cos(rx_rad)) + df * ((al * Rm / bl) +bl *Rn/
al) * Sin(rx_rad) * Cos(rx_rad)) / ((Rm + h) * Sin(0.000004848136811))

dlon = (-1 * dx * Sin(ry rad) + dy * Cos(ry rad)) / ((Rn + h) * Cos(rx_rad) *
Sin(0.000004848136811))
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dh = dx * Cos(rx_rad) * Cos(ry_rad) + dy * Cos(rx_rad) * Sin(ry rad) + dz * Sin(rx_rad) - da
+ (al *df + fl * da) * (Sin(rx_rad)) * 2

x22 =dlat * 180/ pie
y22 =dlon * 180 / pie
z22 =dh

lat2 = ((dlat) / 3600) + rx
lon2 = ((dlon) / 3600) + ry
h2=dh+h

Text5 = lat2
Text6 = lon2
Text7 =h2

End If
End Sub

Private Sub Commandl11_Click()
CommonDialogl.Filter = "Pt# Lon Lat h(*.*)|* *|"
CommonDialogl.ShowOpen

If CommonDialog].FileName <> "" Then
Open CommonDialog].FileName For Input As #1

cnt=10
Do Until EOF(1)
cnt=cnt + 1

Input #1, ptar(cnt), fx1(cnt), fyl(cnt), fz1(cnt)
Loop
Close #1
If CommonDialogl.CancelError = False Then
Command12.Enabled = True
End If

End If

End Sub
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Private Sub Command12_Click()
Dim i As Integer

CommonDialog2.Filter = "Pt# X Y h (*.txt)|*.txt|"
CommonDialog2.ShowSave

If CommonDialog2.FileName <> "" Then
Open CommonDialog2.FileName For Output As #2

Fori=1 To cnt

e 7 Parameter similliarity ( Points file )

If method.ListIndex = 0 Then '7 parameter
x1 = Val(fx1(i))
yl = Val(fyl(i))
z1 = Val(fz1(i))

rx = Val(rotation_x)
ry = Val(rotation_y)

rz = Val(rotation_z)

s = Val(scal)

Tx = Val(Translation x)
Ty = Val(Translation_y)
Tz = Val(Translation_z)

pie = 3.141592654

rx_rad =rx * pie/ 180 'omega
ry_rad =ry * pie / 180 'fay
rz_rad =rz * pie / 180 'kaba

ml1 = Cos(ry rad) * Cos(rz_rad)
ml2 = Sin(rx_rad) * Sin(ry_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(rz_rad)
ml3 = Sin(rx_rad) * Sin(rz_rad) - Cos(rx_rad) * Sin(ry_rad) * Cos(rz_rad)

m21 = -1 * Cos(ry_rad) * Sin(rz_rad)

m22 = Cos(rx_rad) * Cos(rz_rad) - Sin(rx_rad) * Sin(ry rad) * Sin(rz_rad)
m23 = Sin(rx_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(ry rad) * Sin(rz_rad)
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m31 = Sin(ry_rad)
m32 =-1 * Sin(rx_rad) * Cos(ry_rad)
m33 = Cos(rx_rad) * Cos(ry_rad)

x2=s*(mll *x1 + m21 *yl + m31 * z1) + Tx
y2=s*(ml2 *x1 +m22 *yl + m32 * zl) + Ty
z2=s*(ml3 *x1 + m23 *yl + m33 * z1) + Tz

Print #2, ptar(i), x2, y2, z2
End If

e 6 Parameter similliarity ( Points file )

If method.ListIndex = | Then '6 parameter
x1 = Val(fx1(i))
yl = Val(fyl(i))
z1 = Val(fz1(i))

rx = Val(rotation_x)
ry = Val(rotation_y)

rz = Val(rotation_z)

Tx = Val(Translation_x)
Ty = Val(Translation_y)

Tz = Val(Translation_z)

pie = 3.141592654

rx_rad =rx * pie/ 180 'omega
ry_rad =ry * pie/ 180 'fay
rz_rad =1z * pie / 180 'kaba

ml1 = Cos(ry_rad) * Cos(rz_rad)
ml2 = Sin(rx_rad) * Sin(ry_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(rz_rad)
ml3 = Sin(rx_rad) * Sin(rz_rad) - Cos(rx_rad) * Sin(ry rad) * Cos(rz_rad)

m2] = -1 * Cos(ry_rad) * Sin(rz_rad)

m22 = Cos(rx_rad) * Cos(rz_rad) - Sin(rx_rad) * Sin(ry_rad) * Sin(rz_rad)
m23 = Sin(rx_rad) * Cos(rz_rad) + Cos(rx_rad) * Sin(ry rad) * Sin(rz_rad)
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m31 = Sin(ry rad)
m32 =-1 * Sin(rx_rad) * Cos(ry_rad)
m33 = Cos(rx_rad) * Cos(ry rad)

x2=(mll *x1+m2l *yl + m31 *z1) + Tx
y2=(ml2 * x1 + m22 * yl + m32 * zI1) + Ty
z2=(ml3 *x1 + m23 *yl + m33 * z1) + Tz

Print #2, ptar(i), x2, y2, z2
End If
e 3 Parameter similliarity ( Points file )

If method.ListIndex = 2 Then '3 parameter
x1 = Val(fx1(i))
yl = Val(fy1(i))
z1 = Val(fz1(i))

Tx = Val(Translation x)
Ty = Val(Translation_y)
Tz = Val(Translation_z)

x2=x1+Tx
y2=yl +Ty

z2=2z1+Tz

Print #2, ptar(i), x2, y2, z2
End If

e Helmert Transformation ( Points file )

If method.ListIndex = 3 Then 'Helmert
x1 = Val(fx1(i))
yl = Val(fy1(i))
zl = Val(fz1(i))

rx = Val(rotation_x)
ry = Val(rotation_y)

rz = Val(rotation_z)

s = Val(scal)
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Tx = Val(Translation_x)
Ty = Val(Translation_y)
Tz = Val(Translation_z)

x2=s*(xl+rz*yl-ry*zl)+Tx
y2=s*(-rz*xl +yl +rx ¥zI1) + Ty

z2=s*(ry*xl-x*yl +zl)+ Tz

Print #2, ptnr(i), x2, y2, 22

End If

e Moldensky Transformation ( Points file )

If method.ListIndex = 4 Then ' Moldensky
Dim al, a2, bl, b2, f1, 2 As Double
Dim Rm, Rn, s1 As Double
Dim da, df, dx, dy, dz As Double
Dim dlat, dlon, dh, €2, lon2, 1at2, h2, h As Double

al = Val(Textl)
bl = Val(Text2)
a2 = Val(Text3)
b2 = Val(Text4)
rx = Val(fx1(i))
ry = Val(fyl(i))
h = Val(fz1(i))

dx = Val(Translation_x)
dy = Val(Translation_y)
dz = Val(Translation_z)

pie =3.141592654
rx_rad =rx * pie / 180 'lat

ry_rad =ry * pie / 180 'lon
fl =(al -bl)/al

€2 =((al ~2)- (bl ~2))/ (al ~2)
f2 = (a2 - b2) / a2
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da=a2-al
df=f2 - fl

Rm = (al * (1 - €2)) / (I - €2 * (Sin(rx_rad)) ~2) ~ 1.5
Rn=(al)/ (1 - €2 * (Sin(rx_rad)) »2) 0.5

dlat = (-1 * dx * Sin(rx_rad) * Cos(ry rad) - dy * Sin(rx rad) * Sin(ry rad) + dz *
Cos(rx_rad) + (da/al) * (Rn * €2 * Sin(rx_rad) * Cos(rx_rad)) + df * ((al * Rm/bl) + bl * Rn/
al) * Sin(rx_rad) * Cos(rx_rad)) / ((Rm + h) * Sin(0.000004848136811))

dlon = (-1 * dx * Sin(ry rad) + dy * Cos(ry rad)) / ((Rn + h) * Cos(rx_rad) *
Sin(0.000004848136811))

dh = dx * Cos(rx_rad) * Cos(ry_rad) + dy * Cos(rx_rad) * Sin(ry rad) + dz * Sin(rx_rad) - da
+ (al * df+ f1 * da) * (Sin(rx_rad)) * 2

x22 = dlat * 180 / pie
y22 =dlon * 180 / pie
z22 =dh

lat2 = ((dlat) / 3600) + rx
lon2 = ((dlon) / 3600) + ry
h2=dh+h

Print #2, ptnr(i), lat2, lon2, h2

End If
Next i

End If
Close #2
End Sub

Private Sub Command2_Click()
CommonDialog3 Filter = "Pt# Lon Lat h(*.*)|* *|"

CommonDialog3.ShowOpen

If CommonDialog3.FileName <> "" Then
Open CommonDialog3.FileName For Input As #3

cnt=0

Do Until EOF(3)
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cnt=cnt + 1
Input #3, s, 1x, 1y, 1z, TX, Ty, Tz
Loop
Close #3
scal =s
rotation_x = rx
rotation y =ry
rotation_z =rz
Translation x = Tx
Translation y =Ty

Translation z=Tz

End If

End Sub

Private Sub Command3_Click()
Form4.Show
End Sub

Private Sub Form Load()
Optpt5.Value = |

Command! 1.Enabled = False
Command12.Enabled = False
Frame3.Visible = True
Command1.Visible = True
Frame4.Visible = True
method.ListIndex = 0
Combol.ListIndex = 0
Combo2.ListIndex = 4

End Sub

Private Sub method_Click()

If method.ListIndex = 0 Then ' 7-parameter similliarity
Translation_x.Visible = True

Translation_y.Visible = True

Translation_z.Visible = True
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rotation_x.Visible = True
rotation_y.Visible = True

rotation_z.Visible = True

Frame5.Visible = 0
Combol.Visible = 0
Combo2.Visible = 0

Textl.Visible = 0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Label16.Visible = 0
Labell7.Visible = 0
Labell8.Visible = 0
Label19.Visible = 0

Labell.Visible = True
Label2.Visible = True
Label3.Visible = True
Label4.Visible = True
LabelS.Visible = True
Label6.Visible = True
Label7.Visible = True

Labell.Caption = "Rotation_x"
Label2.Caption = "Rotation_y"
Label3.Caption = "Rotation_z"

Label8.Caption = "x"
Label9.Caption = "y"
Labell0.Caption = "z"

scal.Visible = True

Labelll.Caption = "X"
Labell2.Caption ="Y"
Label13.Caption ="Z"
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Label20.Visible = 0
Label21.Visible = 0
Label22.Visible = 0

Text5.Visible = 0
Text6.Visible = 0
Text7.Visible = 0

End If

If method.ListIndex = 1 Then ' 6-parameter similliarity
Translation x.Visible = True
Translation_y.Visible = True

Translation z.Visible = True

rotation_x.Visible = True
rotation_y.Visible = True

rotation_z.Visible = True

Frame5.Visible = 0
Combol.Visible = 0
Combo2.Visible = 0

Textl.Visible = 0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Label16.Visible = 0
Labell7.Visible = 0
Labell8.Visible = 0
Label19.Visible = 0

Labell.Visible = True
Label2.Visible = True
Label3.Visible = True
Label4.Visible = True
Label5.Visible = True
Label6.Visible = True
Label7.Visible = False
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Labell.Caption = "Rotation_x"
Label2.Caption = "Rotation_y"
Label3.Caption = "Rotation z"

Label8.Caption = "x"
Label9.Caption = "y"
Label10.Caption = "z"

scal.Visible = False

Labelll.Caption = "X"
Labell2.Caption ="Y"
Labell3.Caption = "Z"

Label20.Visible = 0
Label21.Visible = 0
Label22.Visible = 0

Text5.Visible =0
Text6.Visible = 0
Text7.Visible = 0

End If

If method.ListIndex = 2 Then ' 3-parameter similliarity
Translation x.Visible = True
Translation_y.Visible = True

Translation_z.Visible = True

rotation_x.Visible = 0
rotation_y.Visible = 0

rotation_z.Visible = 0

Textl.Visible = 0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Label16.Visible = 0
Labell7.Visible = 0

196



APPENDIX - (B)

Labell8.Visible = 0
Label19.Visible = 0

Frame5.Visible = 0
Combol.Visible = 0
Combo2.Visible = 0

Labell.Visible = 0
Label2.Visible = 0
Label3.Visible = 0
Label4.Visible = True
Label5.Visible = True
Label6.Visible = 1
Label7.Visible = 0

Labell.Caption = "Rotation_x"
Label2.Caption = "Rotation_y"
Label3.Caption = "Rotation_z"

Label8.Caption = "x"
Label9.Caption = "y"
Label10.Caption = "z"
scal.Visible = 0

Labell l.Caption = "X"
Label12.Caption = "Y"
Labell3.Caption ="Z"

Label20.Visible = 0
Label21.Visible = 0
Label22.Visible = 0
Text5.Visible = 0
Text6.Visible = 0
Text7.Visible = 0
End If
If method.ListIndex = 3 Then ' Helmert

Translation_x.Visible = True
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Translation y.Visible = True

Translation z.Visible = True

rotation x.Visible = 1
rotation_y.Visible = 1

rotation_z.Visible = 1

Textl.Visible = 0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Label16.Visible = 0
Labell7.Visible = 0
Label18.Visible = 0
Label19.Visible = 0

Frame$5.Visible = 0
Combol.Visible = 0
Combo2.Visible = 0

Labell.Visible = True
Label2.Visible = True
Label3.Visible = True
Label4.Visible = True
Label5.Visible = True
Label6.Visible = True
Label7.Visible = True

Labell.Caption = "Rotation_x"
Label2.Caption = "Rotation_y"
Label3.Caption = "Rotation_z"
Label8.Caption = "x"
Label9.Caption = "y"
Label10.Caption = "z"

scal.Visible = 1

Labell 1.Caption = "X"
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Label12.Caption ="Y"
Labell3.Caption = "Z"

Label20.Visible = 0
Label21.Visible = 0
Label22.Visible = 0

Text5.Visible = 0

Text6.Visible = 0

Text7.Visible = 0
End If

If method.ListIndex = 4 Then ' Moldensky
Translation_x.Visible = 1
Translation_y.Visible = 1

Translation z.Visible = 1

FrameS5.Visible = 1
Combol.Visible = 1
Combo2.Visible = |

Label3.Visible = 1
Labell.Visible = 0
Label2.Visible = 0
Label3.Visible = 0
Label7.Visible = 0

Label20.Visible = 1
Label21.Visible = 1
Label22.Visible = 1

Text5.Visible = 1
Text6.Visible = 1
Text7.Visible = 1

Textl.Visible = True
Text2.Visible = True
Text3.Visible = True
Text4.Visible = True
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Labell6.Visible = True
Labell7.Visible = True
Label18.Visible = True
Label19.Visible = True

Labeld4.Caption = "Translation_x"
Label5.Caption = "Translation_y"

Label6.Caption = "Translation_z"

Label8.Caption = "lat"
Label9.Caption = "lon"
Label10.Caption = "h"

Labell 1.Caption = "Delta latitud"
Label12.Caption = "Delta longitud"
Labell3.Caption = "Delta Height"

rotation_x.Visible = 0
rotation_y.Visible = 0
rotation_z.Visible = 0
scal.Visible = 0

End If

End Sub

Private Sub Optfile6 Click()

Command1 1.Enabled = 1
Command12.Enabled = 0
Frame3.Visible = 0
Commandl.Visible = 0
Frame4.Visible = 0

End Sub

Private Sub Optpt5_Click()
Command] 1.Enabled = False
Command12.Enabled = False
Frame3.Visible = True
Command1.Visible = True
Frame4.Visible = True

End Sub
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APPENDIX - (O)
Datum Transformation Parameter
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Datum Transformation Parameter

Option Explicit

Dim x1(0 To 1000), y1(0 To 1000), z1(0 To 1000), x2(0 To 1000), y2(0 To 1000), z2(0 To 1000), s,
pie, Tx, Ty, Tz As Double

Dim x0(0 To 1000), y0(0 To 1000), z0(0 To 1000) As Double

Dim dTx, dTy, dTz, ds As Double

Dim dTx1, dTyl, dTzl, ds1 As Double

Dim x22, y22, z22 As Doub:le

Dim drx_dx(0 To 1000), drx_dy(0 To 1000), drx_dz(0 To 1000), dry_dx(0 To 1000), dry dy(0 To

1000), dry_dz(0 To 1000), dh_dx(0 To 1000), dh_dy(0 To 1000), dh_dz(0 To 1000) As Double

Dim rx, ry, rz As Double ' omega, fay,kaba

Dim rx0, ry0, rz0 As Double

Dim drx, dry, drz As Double

Dim dlat, dlon, dh As Double
Dim rx1, ryl, rz1 As Double
Dim s0, Tx0, Ty0, Tz0 As Double

Dim ptnr(0 To 1000) As Integer
Dim cnt As Integer
Dim rx_rad, ry rad, rz_rad As Double
Dim rx_rad0, ry rad0, rz rad0 As Double
Dim dx2_dS0(0 To 1000), dx2 drx0(0 To 1000), dx2_dry0(0 To 1000), dx2 drzO(0 To 1000),
dx2_dTx0(0 To 1000), dx2_dTy0(0 To 1000), dx2_dTz0(0 To 1000) As Double
Dim dy2_dS0(0 To 1000), dy2 drx0(0 To 1000), dy2_dry0(0 To 1000), dy2 drzO(0 To 1000),
dy2_dTx0(0 To 1000), dy2 dTy0(0 To 1000), dy2_dTz0(0 To 1000) As Double
Dim dz2_dSO(0 To 1000), dz2 drx0(0 To 1000), dz2_dry0(0 To 1000), dz2_drzO(0 To 1000),
dz2_dTx0(0 To 1000), dz2_dTy0(0 To 1000), dz2_dTz0(0 To 1000) As Double
Dimmll, ml2, m13, m21, m22, m23, m31, m32, m33 As Double
Dim m110, m120, m130, m210, m220, m230, m310, m320, m330 As Double
Dim fx1(0 To 1000), fy1(0 To 1000), fz1(0 To 1000) As Double
Dim £x2(0 To 1000), fy2(0 To 1000), fz2(0 To 1000) As Double
Dim A(), Xv() As Double
Dim order As Integer
Dim X(0 To 1000), Y(0 To 1000), he(0 To 1000), h(0 To 1000) As Double
Dim L(), t(), TA(), TAT() As Double
Dim M, N, j, k, i As Integer
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Private Sub Combol Click()

If Combol.Listindex = 0 Then ' Clarck 1880
Text].Enabled = False
Text2.Enabled = False

Textl = 6378300.79 ' azsemimajor
Text2 = 6356566.435 ' b:semiminor
End If

If Combol.Listindex = 1 Then ' Bessel
Textl.Enabled = False
Text2.Enabled = False

Textl = 6377483.865 ' a:semimajor
Text2 = 6356165.383 ' b:semiminor
End If

If Combol .Listindex =2 Then ' GRS80
Textl.Enabled = False
Text2.Enabled = False

Textl = 6378137 ' a:semimajor
Text2 = 6356752.314 " b:semiminor
End If

If Combol.Listindex =3 Then ' GRS67
Textl.Enabled = False
Text2.Enabled = False

Textl = 6378160 ' a:semimajor
Text2 = 6356774.516 ' b:semiminor
End If

If Combol.Listindex =4 Then ' WGS84
Textl.Enabled = False
Text2.Enabled = False

Textl = 6378137 ' a:semimajor
Text2 = 6356752.314 ' b:semiminor
End If

If Combol.Listindex = 5 Then  ‘user define
Textl.Enabled = True
Text2.Enabled = True
Textl = 6378300.79 ' a:semimajor

203



APPENDIX - (C)

Text2 = 6356566.43000004 ' b:semiminor

End If
End Sub

Private Sub Combo2_Click()

If Combo2.ListIndex = 0 Then ' Clarck 1880

Text3.Enabled = False
Text4.Enabled = False

Text3 = 6378300.79 ' a:semimajor
Text4 = 6356566.435 " b:semiminor
End If

If Combo2.Listindex = 1 Then ' Bessel
Text3.Enabled = False
Text4.Enabled = False

Text3 = 6377483.865 ' azsemimajor
Text4 = 6356165.383 ' b:semiminor
End If

If Combo2.ListIndex = 2 Then ' GRS80
Text3.Enabled = False
Text4.Enabled = False

Text3 = 6378137 ' a:semimajor
Text4 = 6356752.314 ' b:semiminor
End If

If Combo2.ListIndex = 3 Then ' GRS67
Text3.Enabled = False
Text4.Enabled = False

Text3 = 6378160 ' azsemimajor
Text4 = 6356774.516 ' b:semiminor
End If

If Combo2.ListIndex = 4 Then WGS84
Text3.Enabled = False
Text4.Enabled = False

Text3 = 6378137 ' a:semimajor
Textd = 6356752.314 ' b:semiminor
End If
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If Combo2.ListIndex = 5 Then  'user define
Text3.Enabled = True
Text4.Enabled = True

Text3 = 6378300.79 ' azsemimajor
Text4 = 6356566.43000004 ' b:semiminor
End If
End Sub

Private Sub Commandl_Click()
Dim iterat, i As Integer

Dim azl, az2 As Double

pie = 3.14159265358979

If method.ListIndex = 0 Then ' 7-parameter
Fori=1 To cnt
x1(i) = Val(fx1(1)) ' source
y1(i) = Val(fy1(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) ' target
y2(i) = Val(fy2(i))
z2(i) = Val(fz2(i))

Next i

M=cnt*3

N=7

ReDim A(1 To M, 1 To 7)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 7, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 7,1 To 1)

" Itteration
az2 = Atan2(x2(2) - x2(2), y2(2) - y2(1))
azl = Atan2(x1(2) - x1(2), y1(2) - yl(1))
s0=1
x0=0
ry0 =0

rz0 = az2 - azl
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Tx0=x2(1) - x1(1)
Ty0 = y2(1) - y1(1)
Tz0 =2z2(1) - zI(1)

For iterat =1 To 20

rx_rad0 = rx0 'omega
ry_rad0 = ry0 'fay
rz_rad0 = rz0 'kaba

ml10 = Cos(ry_rad0) * Cos(rz_rad0)
m120 = Sin(rx_rad0) * Sin(ry rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(rz_rad0)
m130 = Sin(rx_rad0) * Sin(rz_rad0) - Cos(rx_rad0) * Sin(ry rad0) * Cos(rz_rad0)

m210 = -1 * Cos(ry_rad0) * Sin(rz_rad0)
m220 = Cos(rx_rad0) * Cos(rz_rad0) - Sin(rx_rad0) * Sin(ry_rad0) * Sin(rz_rad0)
m230 = Sin(rx_rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(ry rad0) * Sin(rz_rad0)

m310 = Sin(ry_rad0)
m320 = -1 * Sin(rx_rad0) * Cos(ry rad0)
m330 = Cos(rx_rad0) * Cos(ry rad0)

Fori=1 To cnt

x0(i) = 50 * (m110 * x1(i) + m210 * y1(i) + m310 * z1(i)) + Tx0
yO(i) = 50 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i)) + Ty0
20(i) = s0 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(i)) + Tz0

dx2_dSO0(i) = m110 * x1(i) + m210 * y1(i) + m310 * z1(i)

dx2 drx0(i) =0

dx2_dry0(i) = s0 * ((-1) * Sin(ry_rad0) * Cos(rz_rad0) * x1(i) + Sin(ry_rad0) * Sin(rz_rad0) *
y1(i) + Cos(ry_rad0) * z1(i))

dx2_drz0(i) = s0 * (m210 * x1(i) - m110 * yl(i))

dx2_dTx0(3i) =1

dx2 dTy0(i))=0

dx2 dTz0(i)=0

dy2_dS0(i) = m120 * x1(i) + m220 * y1(i) + m320 * z1(i)

dy2_drx0(i) = (-1) * s0 * (m130 * x1(i) + m230 * yl1(i) + m330 * z1(i))

dy2 dry0(i) = sO * (Sin(rx_rad0) * Cos(ry rad0) * Cos(rz_rad0) * xI1(i) - Sin(rx_radQ) *
Cos(ry_rad0) * Sin(rz_rad) * y1(i) + Sin(rx_rad) * Sin(ry_rad0) * z1(i))
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dy2_drz0(i) = s0 * (m220 * x1(i) - m120 * yl(@i))
dy2 dTx0(3i) =0
dy2_dTy0(i) = 1
dy2 dTz0(i)=0

dz2_dSO0(i) = m130 * x1(i) + m230 * y1(i) + m330 * z1(j)

dz2_drx0(i) = s0 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i))

dz2_dry0(i) = s0 * ((-1) * Cos(rx_rad0) * Cos(ry_rad0) * Cos(rz_rad0) * x1(i) + Cos(rx_rad0) *
Cos(ry_rad0) * Sin(rz_rad0) * y1(@i) - Cos(rx_rad0) * Sin(ry_rad0) * z1(i))

dz2_drz0(i) = s0 * (m230 * x1(i) - m130 * yl(i))

dz2_dTx0(i) =0

dz2 dTy0(i)=0

dz2 dTz0(i) = 1

Next i

ji=0
Fori=1ToM "make A

j=i+1
A(i, 1) = dx2_dSo(j)

A+ 1, 1) =dy2_dso()
A(i+2, 1) =dz2_dso(j)

A(i, 2) = dx2_drx0(j)
A(i+1,2)=dy2 drx0(j)
A(i+2,2)=dz2_drx0(j)
A(i, 3) = dx2_dry0(j)
A(i+ 1, 3)=dy2 dry0()
A(i+2, 3) = dz2_dry0(j)

A1, 4)= dx2_drz0(j)
AGl+1,4)= dy2_drz0(j)
A(i+2,4)= dz2_drz0(j)
A(i, 5) = dx2_dTx0(j)
A(i+1,5) =dy2_dTx0(j)

A(i+2,5)= dz2_dTx0(j)

A(i, 6) = dx2_dTy0(j)
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AGi+ 1, 6) = dy2_dTy0()
A(i +2, 6) = dz2_dTy0(j)

A(i, 7) = dx2_dTz0()
A(i+1,7)=dy2 dTz0(j)
A(i+2,7)=dz2 dTz0(j)

i=i+2

Next i

i=0
'L matrix
Fori=1ToM
i=jt+1
L(i, 1) = x2(j) - x0(j)
LG+ 1, 1) = y2(j) - y0()
L@+ 2, 1) = 22(j) - z0(j)

1=i+2

Next i
Close #1

' A transpose

Fori=1To7
Forj=1ToM
t(, j) = AG, 1)

Next j
Next i

'A transpose * A

Fori=1To7
Forj=1To7
TA(, j) = 0#
Fork=1ToM
TAG, j) = TAG, j) + t(i, k) * Ak, j)
Next k
Next j
Next i
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"At*A inverse
Fork=1To 7
Forj=1To7
Ifj <>k Then TA(k, j) = TA(, j)/ TA(k, k)
Next j
TA(k, k) =1/TA(k, k)
Fori=1To7
Ifi <>k Then
Forj=1To7
If j <>k Then TA(], j) = TA(, 1) - TAG, k) * TA(k, j)
Next j
TAG, k) =-TA(I, k) * TA(k, k)
End If
Next i
Next k

Fori=1To7
Forj=1ToM
TAT(@,j)=0
Fork=1To 7
TAT(, j) = TAT(, j) + TA(, k) * t(k, j)
Next k
Next j
Next i

"Inv(A transpose * A) *L
Fori=1To7
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * Lk, 1)
Next k
Next i

$0 =150+ Xv(1, 1)
x0 =rx0 + Xv(2, 1)
ry0 =ry0 + Xv(3, 1)
rz0 =rz0 + Xv(4, 1)
Tx0 = Tx0 + Xv(5, 1)
Ty0 = Ty0 + Xv(6, 1)
Tz0 = Tz0 + Xv(7, 1)
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Next iterat

s =50

rx = (rx0) * 180 / pie
ry = (ry0) * 180 / pie
rz = (rz0) * 180 / pie
Tx =Tx0

Ty =Ty0

Tz =Tz0

scal =g

rotation_x = rx
rotation y =ry
rotation z=rz
Translation x = Tx
Translation y= Ty

Translation z= Tz

End If

If method.ListIndex = 1 Then ' 6 parameter

Fori=1 To cnt
x1(i) = Val(fx1(i)) 'source
yl(i) = Val(fyl(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) 'target
¥2(i) = Val(fy2(i))
z2(i) = Val(fz2(1))

Next i

M=cnt *3
N=6

ReDim A(1 To M, I To 6)
ReDimL(1 ToM, 1 To 1)
ReDim t(1 To 6, 1 To M)
ReDim TA(1 To M, 1 To M)
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ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 6, 1 To 1)

' Itteration
az2 = Atan2(x2(2) - x2(2), ¥2(2) - y2(1))
azl = Atan2(x1(2) - x1(2), y1(2) - y1(1))

sO=1

rx0=0

ry0=0

rz0 = az2 - azl
Tx0 =x2(1) - x1(1)
Ty0 =y2(1) - y1(1)
Tz0 = z2(1) - z1(1)

For iterat =1 To 20

rx_rad0 = rx( 'omega
ry_rad0 = ry0 'fay
rz_rad0 = rz0 'kaba

ml10 = Cos(ry rad0) * Cos(rz_rad0)
ml20 = Sin(rx_rad0) * Sin(ry rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(rz_rad0)
ml30 = Sin(rx_rad0) * Sin(rz_rad0) - Cos(rx_rad0) * Sin(ry rad0) * Cos(rz_rad0)

m210 = -1 * Cos(ry rad0) * Sin(rz_rad0)

m220 = Cos(rx_rad0) * Cos(rz_rad0) - Sin(rx_rad0) * Sin(ry_rad0) * Sin(rz_rad0)
m230 = Sin(rx_rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(ry_rad0) * Sin(rz_rad0)
m310 = Sin(ry rad0)

m320 = -1 * Sin(rx_rad0) * Cos(ry_rad0)
m330 = Cos(rx_rad0) * Cos(ry rad0)

Fori=1 To cnt

X0(i) =50 * (m110 * x1(i) + m210 * y1(i) + m310 * 21(i)) + Tx0
YO() =0 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i)) + Ty0
20() =0 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(i)) + Tz0

'scale is fixed to S=1 , not unknown
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dx2_drx0() =0

dx2_dry0(i) = s0 * ((-1) * Sin(ry rad0) * Cos(rz_rad0) * x1(i) + Sin(ry_rad0) * Sin(rz_rad0) *
y1(i) + Cos(ry_rad0) * z1(i))

dx2_drz0(i) = s0 * (m210 * x1(i) - m110 * yl(i))

dx2_dTx0(3i) = 1

dx2_dTy0(i)=0

dx2_dTz0(i)=0

dy2_drx0(i) = (-1) * s0 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(1))

dy2 dry0(i) = s0 * (Sin(rx_rad0) * Cos(ry rad0) * Cos(rz_rad0) * x1(i) - Sin(rx_rad0) *
Cos(ry_rad0) * Sin(rz_rad) * yl(i) + Sin(rx_rad) * Sin(ry_rad0) * z1(i))

dy2_drz0(i) = s0 * (m220 * x1(i) - m120 * y1(i))

dy2 dTx0(1)=0

dy2 dTy0(i) =1

dy2_dTz0(i)=0

'dz2_dS0(i) = m130 * x1(i) + m230 * y1(i) + m330 * z1 (i)

dz2_drx0(i) = s0 * (m120 * x1(i) + m220 * y1() + m320 * z1(i))

dz2_dry0(i) = s0 * ((-1) * Cos(rx_rad0) * Cos(ry rad0) * Cos(rz_rad0) * x1(i) + Cos(rx_rad0) *
Cos(ry_rad0) * Sin(rz_rad0) * y1(i) - Cos(rx_rad0) * Sin(ry_rad0) * z1(i))

dz2_drz0(i) = s0 * (m230 * x1(i) - m130 * y1(i))

dz2_dTx0(i)=0

dz2 dTy0(i)=0

dz2_dTz0(i) = 1

Next i
j=0
Fori=1ToM "make A
f=i#1
A(i, 1) = dx2_drx0(j)
A+ 1, 1)=dy2 drx0()
A(i+2, 1) =dz2_drx0(j)

A(i, 2) = dx2_dry0(j)
A(i+1,2)=dy2_dry0(j)
A(i+2,2)=dz2_dry0(j)

A(i, 3) = dx2_drz0(j)

Ali+1,3) = dy2_drz0(j)
A(i+2,3)=dz2_drz0()
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A, 4) = dx2_dTx0())
A(i+1,4)=dy2 dTx0()
A(i+2,4)=dz2_dTx0(j)

A(i, 5) = dx2_dTy0(j)
A+ 1, 5) = dy2_dTy0()
A(i +2, 5) = dz2_dTy0(j)

A(, 6) = dx2_dTz0()
A(i+ 1, 6) = dy2_dTz0(j)
A(i +2, 6) = dz2_dTz0(j)

i=i+2

Next i

j=0
'L matrix
Fori=1ToM
{=ji0
L(i, 1) =x2(j) - x0()
LG+ 1, 1) = y2() - y0()
L(i+ 2, 1) = 22(j) - z0(j)

1=i+2

Next i

'A transpose

Fori=1To 6
Forj=1ToM
t(i, j) = A, 1)
Next j

Next i

'A transpose * A

Fori=1To6
Forj=1To 6
TA(1, j) = O#
Fork=1ToM
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TAG, j) = TAG, j) + t(i, k) * A(k, j)
Next k
Next j

Next i

" AT*A inverse
Fork=1To 6
Forj=1To 6
Ifj <>k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k) =1/ TA(k, k)
Fori=1To 6
Ifi <>k Then
Forj=1To 6
Ifj <>k Then TA(, j) = TA(, j) - TAG, k) * TA(k, 1)
Next j
TA(®, k) =-TA(I, k) * TA(k, k)
End If

Next i
Next k

Fori=1To6
Forj=1ToM
TAT(@,j)=0
Fork=1To 6
TAT(, j) = TAT(, j) + TAG, k) * t(k, j)
Next k
Next j
Next i

'Inv (A transpose * A) *L
Fori=1To 6
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * Lk, 1)
Next k
Print #1, Xv(i, 1)
Next i
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rx0 =rx0 + Xv(l, 1)
ry0 =ry0 + Xv(2, 1)
120 =rz0 + Xv(3, 1)
Tx0 = Tx0 + Xv(4, 1)
Ty0 =Ty0 + Xv(5, 1)
Tz0 = Tz0 + Xv(6, 1)

Next iterat

s =s0

rx = (rx0) * 180 / pie
ry = (ry0) * 180 / pie
rz = (rz0) * 180 / pie
Tx =Tx0

Ty =Ty0

Tz=Tz0

scal =g

rotation_x = rx
rotation_y =ry
rotation z=rz
Translation x = Tx
Translation_y = Ty

Translation z =Tz

End If

If method.ListIndex = 2 Then '3 parameter

Fori=1 To cnt

x1(1) = Val(fx1(i)) 'source

yl1(i) = Val(fy1(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) 'target

y2(i) = Val(fy2(i))
22(i) = Val(fz2(i))

Next i
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M =cnt * 3
N=3

ReDim A(1 To M, 1
ReDim L(1 To M, 1

To 3)
To 1)

ReDim t(1 To 3, 1 To M)

ReDim TA(1 To M,

ReDim TAT(1 To M, 1 To M)

1 To M)

ReDim Xv(1 To 3, 1 To 1)

j=0
Fori=1ToM

j=ji+1
AG, 1)=1

AG+1,1)=0
Al+2,1)=0

AG,2)=0
AG+1,2)=1
A[+2,2)=0

AG,3)=0
AG{+1,3)=0
AG+2,3)=1

1=1+2

Next i

3=0
'L matrix
Fori=1ToM
=i+l
LG, 1) =x2()

"make A

LG+ 1, 1) = y2(j)
L(i+2, 1) = 22(j)

i=i+2

Next i
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'A transpose

Fori=1To3
Forj=1ToM
ti, j) = AG, i)
Next j

Next i

'A transpose * A

Fori=1To3
Forj=1To3
TA®, j) = 0#
Fork=1ToM
TA(, j) = TA(, j) + t(i, k) * Ak, j)
Next k
Next j
Next i

" AT*A inverse
Fork=1To3
Forj=1To3
If j <> k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k) = 1/ TA(k, k)
Fori=1To3
Ifi <>k Then
Forj=1To3
If j <>k Then TA(, j) = TAG, j) - TA(, k) * TA(k, j)
Next j
TA(, k) = -TA(, k) * TA(k, k)
End If
Next i
Next k
Fori=1To3
Forj=1ToM
TAT(@,j)=0
Fork=1To 3
TAT(, j) = TAT(, j) + TAG, k) * t(k, j)
Next k
Next j
Next i
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"inv(A transpose * A) *L
Fori=1To3
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * Lk, 1)
Next k
Next 1

Tx0 = Xv(1, 1)
Ty0 =Xv(2, 1)
Tz0=Xv(3, 1)

' Next iterat

Tx =Tx0

Ty =Ty0
Tz=Tz0

scal =1

rotation x =0
rotation y=10
rotation z =10
Translation x = Tx
Translation_y =Ty

Translation z =Tz

End If

If method.ListIndex = 3 Then 'Helmert

Fori=1 To cnt
x1(i) = Val(fx1(i)) 'source
y1(@i) = Val(fy1())
z1(i) = Val(fz1(1))

x2(i) = Val(fx2(1)) 'target
y2(i) = Val(fy2(1))
z2(i) = Val(fz2(1))

Next 1
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M =cnt * 3
N=7

ReDim A(1 To M, 1 To 7)
ReDim L(1 To M, 1 To 1)
ReDim t(1 To 7, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 7,1 To 1)

' Itteration
s0=1
x0=0
ry0=0
1z0=0
Tx0 =x2(1) - x1(1)
Ty0 = y2(1) - yI(1)
Tz0 = z2(1) - z1(1)

For iterat=1 To 1
Fori=1To cnt

dx2 dSO0(@) = x1() + rz0 * y1(i) - ry0 * z1(i)
dx2 drx0(1) =0
dx2_dry0(i) =-1 *s0 * z1(i)
dx2 drz0(i) = s0 * y1(i)
dx2 dTx0(1) =1
dx2 dTy0(i)=0
dx2 dTz0(i)=0

dy2 dS0(@i) =-1 *rz0 * x1(i) + y1(i) + rx0 * z1(1)
dy2 drx0(i) = s0 * z1(i)

dy2 dry0(1) =0

dy2 drz0(i) =-1 * s0 * x1(i)

dy2 dTx0(1))=0

dy2 dTy0(i) =1

dy2 dTz0(i)=0

dz2 dSo(i) = ry0 * x1(i) - rx0 * y1(i) + z1(i)

dz2_drx0(i) = -1 * 50 * y1(i)
dz2_dry0(i) = s0 * x1(i)
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dz2 drz0(i) =0
dz2_dTx0(i) = 0
dz2_dTy0(®i) =0
dz2_dTz0() = 1

x0(i) = s0 * (x1(i) + 120 * y1(i) - ry0 * zI(i)) + Tx0
yO(@i) = s0 * (-rz0 * x1(i) + y1(i) + rx0 * z1(i)) + Ty0
z0(i) = s0 * (ry0 * x1(i) - rx0 * y1(i) + z1(i)) + Tz0

Next i
j=0

Fori=1ToM ' make A

j=j+1
A, 1) = dx2_dso()

AG+ 1, 1) = dy2_dS0(G)
A +2, 1) = dz2_dS0(j)

A(l, 2) = dx2_drx0(j)
A(G+ 1,2)=dy2 drx0()
A@+2,2)=dz2 drx0Q)

A(, 3) = dx2_dry0(j)
AGi+ 1, 3) = dy2_dry0()
A(i+2,3)=dz2_dry0()

A(1, 4) = dx2_drz0()
A@l+ 1,4)=dy2 drz0()
A@+2,4)=dz2 drz0()

A(i, 5) = dx2_dTx0()
A+ 1,5)=dy2 dTx0()
A(+2,5)=dz2 dTx0()

A(1, 6) = dx2_dTy0()

A+ 1, 6) = dy2_dTy0(j)
A(i +2, 6)=dz2_dTy0(j)
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A(, 7) = dx2_dTz0(j)
AGi+ 1,7) =dy2_dTz0()
A +2,7) = dz2_dTz0()

i=i+2

Next i

i=0

'L matrix

Fori=1ToM

j=j+1
L, 1) =x2(j) - x0()
LG+ 1, 1) = y2() - yO()
L3+ 2, 1) =2z2(j) - z0G)

i=i+2

Next i

'A transpose

Fori=1To7
Forj=1ToM
t(i, j) = AG, 1)
Next j

Next i

'A transpose * A

Fori=1To7
Forj=1To7
TA(, j) = 0#
Fork=1ToM
TA(, j) = TA(, j) + t(, k) * Ak, j)
Next k
Next j
Next i

' At*A inverse
Fork=1To7
Forj=1To7
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Ifj <>k Then TA(k, j) = TA(k, j) / TA(k, k)

Next j

TA(k, k) =1/TA(k, k)

Fori=1To7

If i <>k Then

Forj=1To7

If j <> k Then TA(, j) = TA(, j) - TA(, k) * TA(, j)
Next j
TA(, k) =-TA(, k) * TA(k, k)
End If

Next i
Next k

Fori=1To7
Forj=1ToM
TAT@G,j)=0
Fork=1To7
TAT(, j) = TAT(, j) + TA(, k) * t(k, )
Next k
Next j

Next i

"inv(A transpose * A) *L
Fori=1To7
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k
Next i

s0 =180+ Xv(l, 1)
x0 =rx0+ Xv(2, 1)
ry0 =ry0 + Xv(3, 1)
rz0 = rz0 + Xv(4, 1)
Tx0 = Tx0 + Xv(5, 1)
Ty0 = Ty0 + Xv(6, 1)
Tz0 =Tz0 + Xv(7, 1)
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Next iterat

s=s0

rx =rx0
ry =ry0
rz =rz0
Tx=Tx0
Ty=Ty0
Tz=Tz0

scal =s

rotation_x = rx
rotation y =ry
rotation z =1z
Translation_x = Tx
Translation y="Ty

Translation z= Tz

End If

If method.Listindex =4 Then 'Moldensky

Dim al, a2, bl, b2, fl, f2 As Double

Dim Rm, Rn As Double

Dim da, df, dx, dy, dz As Double

Dim €2, lon2, l1at2, h2 As Double

Dim rx10(0 To 1000), ry10(0 To 1000), h1(0 To 1000), rx20(0 To 1000), ry20(0 To 1000), h20(0
To 1000) As Double

Dim rx1(0 To 1000), ry1(0 To 1000), rz1(0 To 1000), rx2(0 To 1000), ry2(0 To 1000), rz2(0 To
1000) As Double

pie = 3.141592654

Fori=1 To cnt
rx10(1) = Val(fx1(i)) 'latl ' source
ryl0(i) = Val(fyl(i)) 'lonl
h1(1) = Val(fz1(i)) 'hl
rx20(i) = Val(fx2(i))  'lat2 'target

ry20(i) = Val(fy2(i))  'lon2
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h20(i) = Val(f22(i))  'h2

Next i

Fori=1To cnt
rx1(i) = rx10(i) * pie / 180 'lat radl ' source
ryl(i) = ry10(i) * pie / 180 'lon_radl

rx2(i) = rx20(i) * pie / 180 'lat_rad2 'target
ry2(i) = ry20(i) * pie/ 180 'lon rad2
Next i

al = Val(Textl)
bl = Val(Text2)
a2 = Val(Text3)
b2 = Val(Text4)

fl = (al - bl)/al
e2=(al *2-b1"2)/(al ~2)
2= (a2 - b2) / a2

da=a2-al
df=12 -1l

Rm = (al *(1-¢€2))/ (1 - €2 * (Sin(rx1(1))) ~2) ~ 1.5
Rn=(al)/ (1 - €2 * (Sin(rx1(1))) ~ 2) ~ 0.5

Fori=1 To cnt

drx_dx(i) = ((-1) * Sin(rx1(i)) * Cos(ry1(i))) / (Rm + h1(i)) * Sin(0.000004848136811))
drx_dy(i) = ((-1) * Sin(rx1(i)) * Sin(ry1(i))) / (Rm + h1(i)) * Sin(0.000004848136811))
drx_dz(i) = (Cos(rx1(i))) / (Rm + h1(i)) * Sin(0.000004848136811))

dry dx(i) = (-1) * Sin(ry1(i)) / (Rn + h1(i)) * (Cos(rx1(i))) * Sin(0.000004848136811))
dry dy(i) = (Cos(ry1(i))) / ((Rn + h1(i)) * (Cos(rx1(i))) * Sin(0.000004848136811))
dry dz(i)=0

dh_dx(i) = (Cos(rx1(1))) * (Cos(ryl(i)))
dh_dy(i) = (Cos(rx1(i))) * (Sin(ry1(1)))
dh_dz(i) = Sin(rx1(i))

Next i
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M=cnt *3
N=3

ReDim A(1 To M, 1 To 3)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 3, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 ToM, 1 To M)
ReDim Xv(1 To 3,1 To 1)

ji=0

Fori=1ToM ' make A

j=i+1
A, 1) = drx_dx(j)

AG+ 1, 1) = dry dx(j)
A +2, 1) = dh_dx(j)

A(l, 2) = drx_dy(j)
A@+1,2)=dry dy(j)
A(i+2,2)=dh_dy(j)

A(i, 3) = drx_dz(j)
A+ 1, 3)=dry dz(j)
A(i+2,3)=dh_dz(j)

i=i+2

Next i

'L matrix
i=0
Fori=1ToM
j=j+1
L1, 1) = (rx20() - rx10()) * 3600
L(i+ 1, 1) = (ry20() - ry10(j)) * 3600
L(i + 2, 1) = h20() - h1()
1=i+2

Next i
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'A transpose

Fori=1To3
Forj=1ToM
t@, j) = AG, 1)
Next j

Next i

" A transpose * A

Fori=1To3
Forj=1To3
TA(, j) = O#
Fork=1ToM
TA(G, j) = TAG, j) + t(, k) * Ak, j)
Next k
Next j
Next i

' At*A inverse
Fork=1To3
Forj=1To3
If j <> k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(K, k) =1/TA(k, k)
Fori=1To3
Ifi <>k Then
Forj=1To3
If j <> k Then TA(, j) = TA(, j) - TA(, k) * TA(, j)
Next j
TA(, k) = -TA(@, k) * TA(k, k)
End If

Next i
Next k

Fori=1To3
Forj=1ToM
TAT(@,j)=0
Fork=1To3
TAT(, j) = TAT(, j) + TA®, k) * t(k, j)
Next k
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Next j
Next i

"Inv(A transpose * A) *L
Fori=1To3
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k
Next i

dx=Xv(1, 1)
dy=Xv(2,1)
dz=Xv(3, 1)
Translation x = dx
Translation_y = dy

Translation z=dz

End If
End Sub

Private Sub Commandl1_ Click()
CommonDialog] .Filter = "Pt# Lon Lat h(*.*)[* *|"
CommonDialogl.ShowOpen

If CommonDialogl.FileName <> "" Then
Open CommonDialogl.FileName For Input As #1

cnt=0
Do Until EOF(1)
cnt=cnt+ 1

Input #1, ptnr(cnt), fx1(cnt), fyl(cnt), fz1(cnt)

Loop
Close #1
If CommonDialogl.CancelError = False Then
Command3.Enabled = 0
End If
End If
End Sub
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Private Sub Command2_Click()
CommonDialog2.Filter = "Pt# Lon Lat h(*.¥)[*.*"
CommonDialog2.ShowOpen

If CommonDialog2.FileName <> "" Then
Open CommonDialog?2.FileName For Input As #2

cnt=10
Do Until EOF(2)
cnt=cnt+ 1

Input #2, ptar(cnt), fx2(cnt), fy2(cnt), fz2(cnt)
Loop
Close #2
If CommonDialog2.CancelError = False Then
Command3.Enabled = True
End If
End If
End Sub

Private Sub Command3_Click()
Dim iterat, i As Integer

Dim azl, az2 As Double

CommonDialog3.Filter =" X Y hrx ry rz t (¥.txt)|*.txt|"

CommonDialog3.ShowSave

If CommonDialog3.FileName <> "" Then

Open CommonDialog3.FileName For Output As #3

pie =3.14159265358979

If method.Listindex =0 Then ' 7-parameter
Fori=1 To cnt
x1(i) = Val(fx1(i)) 'source
y1(i) = Val(fyl(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) 'target
y2(i) = Val(fy2(i))
z2(1) = Val(fz2(i))

Next i
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M=cnt *3
N=7

ReDim A(1 To M, | To 7)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 7, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 7,1 To 1)

' Itteration
az2 = Atan2(x2(2) - x2(2), y2(2) - y2(1))
azl = Atan2(x1(2) - x1(2), y1(2) - y1(1))
s0=1
x0=0
ry0=0
rz0 = az2 - azl
Tx0 =x2(1) - x1(1)
Ty0 =y2(1) - y1(1)
Tz0 = z2(1) - zI1(1)

For iterat =1 To 20

rx_rad0 = rx0 'omega
ry _rad0 =ry0 'fay
rz_rad0 = rz0 'kaba

m110 = Cos(ry_rad0) * Cos(rz_rad0)
m120 = Sin(rx_rad0) * Sin(ry_rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(rz_rad0)
m130 = Sin(rx_rad0) * Sin(rz_rad0) - Cos(rx_rad0) * Sin(ry_rad0) * Cos(rz_rad0)

m210 = -1 * Cos(ry_rad0) * Sin(rz rad0)
m220 = Cos(rx_rad0) * Cos(rz_rad0) - Sin(rx_rad0) * Sin(ry_rad0) * Sin(rz_rad0)
m230 = Sin(rx_rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(ry_rad0) * Sin(rz_rad0)

m310 = Sin(ry _rad0)

m320 = -1 * Sin(rx_rad0) * Cos(ry_rad0)
m330 = Cos(rx_rad0) * Cos(ry_rad0)
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Fori=1Tocnt
x0(i) = 0 * (m110 * x1(i) + m210 * y1(i) + m310 * z1(i)) + Tx0
yO(i) = s0 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i)) + Ty0
z0(i) = s0 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(i)) + Tz0

dx2_dSO0(i) = m110 * x1(i) + m210 * y1(i) + m310 * z1(i)

dx2 drx0(1)) =0

dx2_dry0@) = s0 * ((-1) * Sin(ry_rad0) * Cos(rz_rad0) * x1(i) + Sin(ry_rad0) * Sin(rz_rad0) *
y1(i) + Cos(ry_rad0) * z1(i))

dx2_drz0(i) = s0 * (m210 * x1(i) - m110 * y1(i))

dx2 dTx0(1) =1

dx2 dTy0@i)=0

dx2 dTz0(i)=0

dy2_dS0(i) = m120 * x1(i) + m220 * y1(i) + m320 * zI(i)

dy2_drx0(@i) = (-1) * s0 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(1))

dy2 dry0(i) = sO * (Sin(rx_rad0) * Cos(ry_rad0) * Cos(rz_rad0) * x1(i) - Sin(rx_rad0) *
Cos(ry_rad0) * Sin(rz_rad) * y1(i) + Sin(rx_rad) * Sin(ry_rad0) * zI1(1))

dy2_drz0(i) = s0 * (m220 * x1(i) - m120 * y1(i))

dy2 dTx0(1)=0

dy2 dTy0() =1

dy2 dTz0(i)=0

dz2_dS0(i) = m130 * x1(i) + m230 * y1(i) + m330 * z1(i)

dz2_drx0(i) = s0 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i))

dz2_dry0(i) = s0 * ((-1) * Cos(rx_rad0) * Cos(ry_rad0) * Cos(rz_rad0) * x1(1) + Cos(rx_rad0) *
Cos(ry_rad0) * Sin(rz_rad0) * y1(i) - Cos(rx_rad0) * Sin(ry_rad0) * z1(i))

dz2 drz0(i) = sO * (m230 * x1(i) - m130 * y1(i))

dz2 dTx0(1)=0

dz2 dTy0(i)=0

dz2 dTz0() =1

Next i

j=0
Fori=1ToM ' make A
j=j+1
A, 1) =dx2_dSo0()
A@+ 1, 1)=dy2 dSO()
A@+2,1)=dz2 dS0Q)
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A(, 2) = dx2_drx0()
Al + 1,2) = dy2_drx0()
A+ 2,2) = dz2_drx0()

A(i, 3) = dx2_dry0()
AGi+ 1,3) = dy2_dry0()
A@ + 2, 3) = dz2_dry0())

A(, 4) = dx2_drz0(j)
A(i+ 1, 4)=dy2 drz0()
A@+2,4)=dz2 drz0()

A(i, 5) = dx2_dTx0()
A@i+ 1, 5)=dy2_dTx0()
A(i+2,5)=dz2 dTx0()

A, 6) = dx2_dTy0(j)
A+ 1, 6) = dy2_dTy0()
A + 2, 6) = dz2_dTy0()

A, 7) = dx2_dTz0(j)
A@i+1,7) = dy2_dTz0()
A@ +2,7) = dz2_dTz0()

i=i+2

Next i

' L matrix

Fori=1ToM

j=j+1
L@, 1) = x2() - x0()
LG+ 1, 1) =y2() - y00)
L3+ 2, 1) = 22(j) - z0()

i=i+2

Next i
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'A transpose

Fori=1To7
Forj=1ToM
t@, j) = AG, 1)
Next j

Next 1

'A transpose * A

Fori=1To7
Forj=1To7
TA(, j) = 0#
Fork=1ToM
TA(, j) = TA(, j) + t(, k) * Ak, j)
Next k
Next j
Next i

' At*A inverse
Fork=1To7
Forj=1To7
If j <>k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k) = 1/ TA(k, k)
Fori=1To7
Ifi <>k Then
Forj=1To7
If j <> k Then TA(, j) = TA(, j) - TA(, k) * TA(, j)
Next j
TA(, k) =-TA(, k) * TA(k, k)
End If

Next i
Next k

Fori=1To7
Forj=1ToM
TAT(@,j)=0
Fork=1To7
TAT(, j) = TAT(, j) + TAG, k) * t(k, j)
Next k
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Next j

Next i

"Inv(A transpose * A) *L

Fori=1To7
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k
Next i

s0=s0+ Xv(1, 1)
x0 = rx0 + Xv(2, 1)
ry0 =ry0 + Xv(3, 1)
rz0 =rz0 + Xv(4, 1)
Tx0 = Tx0 + Xv(5, 1)
Ty0 = Ty0 + Xv(6, 1)
Tz0=Tz0 + Xv(7, 1)

Next iterat

s =30

rx = (rx0) * 180 / pie
ry = (ry0) * 180 / pie
rz = (rz0) * 180 / pie
Tx =Tx0

Ty="Ty0

Tz=Tz0

End If ' 7 parameter

If method.ListIndex = 1 Then '6 parameter
Fori=1 To cnt
x1(i) = Val(fx1(i)) 'source
yl1(@i) = Val(fy1(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) 'target
y2(i) = Val(fy2(i))
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z2(i) = Val(fz2(1))

Next i

M=cnt*3
N=6

ReDim A(1 To M, 1 To 6)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 6, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 6, 1 To 1)

' itteration
az2 = Atan2(x2(2) - x2(2), y2(2) - y2(1))
azl = Atan2(x1(2) - x1(2), y1(2) - y1(1))

s0=1

x0=0

ry0=0

rz0 = az2 - azl
Tx0=x2(1) - x1(1)
Ty0=y2(1) - yl(1)
Tz0 = z2(1) - z1(1)

For iterat =1 To 20

rx_rad0 = rx0 'omega
ry rad0 =ry0 'fay
rz_rad0 = rz0 'kaba

ml10 = Cos(ry _rad0) * Cos(rz_rad0)
m120 = Sin(rx_rad0) * Sin(ry_rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(rz_rad0)
m130 = Sin(rx_rad0) * Sin(rz_rad0) - Cos(rx_rad0) * Sin(ry_rad0) * Cos(rz_rad0)

m210 = -1 * Cos(ry_rad0) * Sin(rz_rad0)
m220 = Cos(rx_rad0) * Cos(rz_rad0) - Sin(rx_rad0) * Sin(ry _rad0) * Sin(rz_rad0)

m230 = Sin(rx_rad0) * Cos(rz_rad0) + Cos(rx_rad0) * Sin(ry_rad0) * Sin(rz_rad0)

m310 = Sin(ry _rad0)
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m320 = -1 * Sin(rx_rad0) * Cos(ry_rad0)
m330 = Cos(rx_rad0) * Cos(ry_rad0)

Fori=1Tocnt

x0(i) = s0 * (m110 * x1(i) + m210 * y1(i) + m310 * z1(i)) + Tx0
yO(i) = 50 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i)) + Ty0
20(i) = 50 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(i)) + Tz0

'scale is fixed to S=1 , not unknown

dx2_drx0(i) =0

dx2_dry0@) = s0 * ((-1) * Sin(ry_rad0) * Cos(rz_rad0) * x1(i) + Sin(ry rad0) * Sin(rz_rad0) *
yl1(i) + Cos(ry_rad0) * z1(i))

dx2 drz0(i) = s0 * (m210 * x1(i) - m110 * y1(i))

dx2 dTx0(1)=1

dx2 dTy0(1)=0

dx2 dTz0(i)=0

dy2_drx0(@i) = (-1) * s0 * (m130 * x1(i) + m230 * y1(i) + m330 * z1(i))

dy2 dry0@i) = sO * (Sin(rx_rad0) * Cos(ry_rad0) * Cos(rz_rad0) * x1(i) - Sin(rx_rad0) *
Cos(ry rad0) * Sin(rz_rad) * y1(i) + Sin(rx_rad) * Sin(ry_rad0) * z1(i))

dy2_drz0(i) = s0 * (m220 * x1(i) - m120 * y1(i))

dy2 dTx0(1)=0

dy2 dTy0(@1)=1

dy2 dTz0(i)=0

dz2_drx0(i) = s0 * (m120 * x1(i) + m220 * y1(i) + m320 * z1(i))

dz2_dry0(i) = s0 * ((-1) * Cos(rx_rad0) * Cos(ry_rad0) * Cos(rz_rad0) * x1(i) + Cos(rx_rad0) *
Cos(ry_rad0) * Sin(rz_rad0) * y1(i) - Cos(rx_rad0) * Sin(ry_rad0) * z1(1))

dz2_drz0(i) = sO * (m230 * x1(i) - m130 * y1(i))

dz2 dTx0(i))=0

dz2 dTy0(i)=0

dz2 dTz0(1) =1

Next i
Close #1
i=0
Fori=1ToM ' make A
=it
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A(i, 1) = dx2_drx0()
A+ 1, 1)=dy2_drx0()
A@i+ 2, 1)=dz2_drx0()

A(, 2) = dx2_dry0())
A+ 1,2) = dy2_dry0G)
A +2,2) = dz2_dry0(j)

A(i, 3) = dx2_drz0(j)
AGi+ 1,3) = dy2_drz0()
A +2,3) =dz2_drz0()
A(, 4) = dx2_dTx0(j)
AG+ 1, 4) = dy2_dTx0()
A+ 2, 4) = dz2_dTx0()

A(, 5) = dx2_dTy0(j)
A+ 1, 5) = dy2_dTy0()
A +2, 5) = dz2_dTy0()

A(, 6) = dx2_dTz0()
A(i+ 1, 6) = dy2_dTz0()
A +2, 6) = dz2_dTz0())

i=i+2

Next i

j=0
'L matrix
Fori=1ToM
ji=jt+1 ,
LG, 1) =x2() - x0()
LG+ 1, 1) =y2() - y00)
L3+ 2, 1) = 2z2(j) - z0()

i=it+2

Next i
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'A transpose
Fori=1To 6
Forj=1ToM

1@, j) = A, 1)

Next j
Next i

'A transpose * A

Fori=1To6
Forj=1To 6
TA(, j) = O#
Fork=1ToM
TA(, j) = TAG, j) + t(i, k) * Ak, j)
Next k
Next j
Next i

' At*A inverse
Fork=1To 6
Forj=1To 6
If j <> k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k)= 1/TA(, k)
Fori=1To 6
If i <>k Then
Forj=1To 6
If j <> k Then TA(, j) = TA(@, j) - TA(, k) * TA(k, j)
Next j
TA(, k) = -TA(, k) * TA(k, k)
End If

Next i
Next k

Fori=1To 6
Forj=1ToM
TAT(@,j)=0
Fork=1To 6
TAT(, j) = TAT(, j) + TAG, k) * t(k, j)
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Next k
Next j

Next i

' Inv(A transpose * A) *L
Fori=1To 6
Xv(@i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k

Next i

rx0 =rx0 + Xv(1, 1)
ry0 =ry0 + Xv(2, 1)
rz0 =1z0 + Xv(3, 1)
Tx0 = Tx0 + Xv(4, 1)
Ty0 = Ty0 + Xv(5, 1)
Tz0 = Tz0 + Xv(6, 1)

Next iterat

s=s0

rx = (rx0) * 180 / pie
ry = (ry0) * 180 / pie
rz = (rz0) * 180 / pie
Tx =Tx0

Ty=Ty0

Tz=Tz0

End If '6 parameter

If method.ListIndex = 2 Then '3 parameter
Fori=1 To cnt
x1(i) = Val(fx1(i)) 'source
y1(i) = Val(fy1(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) 'target

y2(i) = Val(fy2(i))
22(i) = Val(fz2(i))
Next i
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M=cnt *3
N=3

ReDim A(1 To M, 1 To 3)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 3, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 3,1 To 1)

j=0
Fori=1ToM ' make A

fega
AG, =1

A+1,1)=0
A{+2,1)=0

AG,2)=0
Al+1,2)=1
Ai+2,2)=0

AG,3)=0
Al+1,3)=0
A[+2,3)=1

1= 142

Next i

i=0

'L matrix
Fori=1ToM
j=j+1
L@, 1) = x2()
LG+ 1, 1)=y2()
L@+ 2, 1)=22()

1=1+2

Next i
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'A transpose

Fori=1To3
Forj=1ToM
t(i, j) = AG, 1)
Next j

Next i

'A transpose * A

Fori=1To3
Forj=1To3
TA(, j) = O#
Fork=1ToM
TA(, j) = TAG, j) + t(d, k) * Ak, j)
Next k
Next j
Next i

" At*A inverse

Fork=1To3

Forj=1To3
If j <> k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k) =1/ TA(k, k)
Fori=1To3
If i <>k Then
Forj=1To3
Ifj <>k Then TA(, j) = TA(, j) - TA(®, k) * TA(k, j)
Next j
TA(, k) = -TA(, k) * TA(k, k)
End If
Next i
Next k

Fori=1To3
Forj=1ToM
TAT(@,j)=0
Fork=1To3
TAT(, j) = TAT(, j) + TA(, k) * t(k, j)
Next k
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Next j

Next i

"inv(A transpose * A) *L
Fori=1To3
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k
Next i

Tx0=Xv(l, 1)
Ty0 = Xv(2, 1)
Tz0 = Xv(3, 1)

' Next iterat

Tx =Tx0
Ty="Ty0
Tz=Tz0

End If ' 3parameter

If method.ListIndex = 3 Then 'Helmert

Fori=1 To cnt
x1(i) = Val(fx1(i)) 'source
y1(i) = Val(fyl(i))
z1(i) = Val(fz1(i))

x2(i) = Val(fx2(i)) 'target
y2(i) = Val(fy2(i))
z2(i) = Val(fz2(i))

Next i

M=cnt*3
N=7
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ReDim A(1 ToM, 1 To 7)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 7, 1 To M)
ReDim TA(1 To M, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 7,1 To 1)

' itteration
s0=1
x0=0
ry0=0
rz0=0
Tx0=x2(1) - x1(1)
Ty0 = y2(1) - yl(1)
Tz0 = z2(1) - z1(1)

For iterat=1 To 1

Fori=1 To cnt
dx2 dS0(i) = x1(i) + rz0 * y1(i) - ry0 * z1(i)
dx2 drx0(i))=0
dx2_dry0(i) = -1 * s0 * z1(i)
dx2_drz0(i) = s0 * y1(i)
dx2_dTx0(i) =1
dx2 dTy0(1)=0
dx2 dTz0(i)=0

dy2 dS0(i) = -1 * rz0 * x1(i) + y1(i) + rx0 * z1(i)
dy2 drx0(i) =s0 * z1(i)

dy2 dry0(i)=0

dy2 drz0(i) = -1 * s0 * x1(i)

dy2 dTx0(1)=0

dy2 dTy0() =1

dy2 dTz0(i)=0

dz2_dS0(i) = ry0 * x1(i) - rx0 * y1(i) + z1(i)
dz2_drx0(i) = -1 * 50 * y1(i)

dz2_dry0(i) = s0 * x1(i)

dz2 drz0(i)=0

dz2_dTx0(i) =0
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dz2_dTy0(i) =0
dz2 dTz0(i) = 1

x0(@i) = s0 * (x1(i) + rz0 * y1(i) - ry0 * zI(i)) + Tx0
yO(i) = s0 * (-rz0 * x1(i) + y1(i) + rx0 * z1(i)) + Ty0
z0(i) = s0 * (ry0 * x1(i) - rx0 * y1(i) + z1(i)) + Tz0
Next i
j=0

Fori=1ToM 'make A
j=j+1

A(, 1) =dx2 dS0@)

A@+ 1, 1)=dy2 dS0()
A(@+2,1)=dz2 dS0Q)

A(i, 2) = dx2_drx0(j)
A(i+ 1,2)=dy2 drx0()
A@+2,2)=dz2 drx0()

A(, 3) = dx2_dry0(j)
AGi+1,3) =dy2_dry0()
A +2,3) = dz2_dry0(j)

A(i, 4) = dx2_drz0(j)
A+ 1,4) = dy2_drz0()
A +2,4) = dz2_drz0()

A(i, 5) = dx2_dTx0()
AG + 1, 5) = dy2_dTx0()
A@i + 2, 5) = dz2_dTx0(j)

A(, 6) = dx2_dTy0(j)
A@i+ 1, 6) = dy2_dTy0(j)
AG + 2, 6) = dz2_dTyo0(j)

A@, 7) = dx2_dTz0(j)
AG+1,7) = dy2_dTz0()
A@ + 2, 7) = dz2_dTz0(j)
i=i+2

Next i
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j=0

'L matrix

Fori=1ToM

1=j+1
L(, 1) =x2() - x0()
LG+ 1, 1) =y2() - y0()
L@+ 2, 1) =22(j) - z0(G)
i=i+2

Next i

'A transpose

Fori=1To7
Forj=1ToM
t(i, j) = A, 1)
Next j

Next i

'A transpose * A

Fori=1To7
Forj=1To7
TA(, j) = O#
Fork=1ToM
TA(, j) = TAG, j) + t(i, k) * Ak, j)
Next k
Next j

Next i

' At*A inverse
Fork=1To7
Forj=1To7
If j <>k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k) =1/ TA(k, k)
Fori=1To7
If i <>k Then
Forj=1To7
If j <>k Then TA(, j) = TA(, j) - TA(, k) * TA(k, j)
Next j
TA(1, k) =-TA(1, k) * TA(k, k)
End If
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Next 1
Next k

Fori=1To7
Forj=1ToM
TAT(,j)=0
Fork=1To7
TAT(, j) = TAT(, j) + TAG, k) * t(k, j)
Next k
Next j
Next i

"inv(A transpose * A) *L
Fori=1To7
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k
Next i

s0 =50+ Xv(1, 1)
rx0 =rx0 + Xv(2, 1)
ry0 =ry0 + Xv(3, 1)
rz0 =rz0 + Xv(4, 1)
Tx0 = Tx0 + Xv(5, 1)
Ty0 = Ty0 + Xv(6, 1)
Tz0 =Tz0 + Xv(7, 1)

Next iterat

s =s0
rx =r1x0
ry =ry0
rz =r1z0
Tx =Tx0
Ty=Ty0
Tz=Tz0

End If 'helmert
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If method.ListIndex = 4 Then ' Moldensky

Dim al, a2, bl, b2, {1, f2 As Double

Dim Rm, Rn As Double

Dim da, df, dx, dy, dz As Double

Dim €2, lon2, lat2, h2 As Double

Dim rx10(0 To 1000), ry10(0 To 1000), h1(0 To 1000), rx20(0 To 1000), ry20(0 To 1000), h20(0
To 1000) As Double

Dim rx1(0 To 1000), ryl(0 To 1000), rz1(0 To 1000), rx2(0 To 1000), ry2(0 To 1000), rz2(0 To
1000) As Double

pie = 3.141592654

Fori=1Tocnt
rx10(i) = Val(fx1(i))  'latl ' source
ryl0(i) = Val(fyl(i))  'lonl
h1(i) = Val(fz1(1)) 'h1

rx20(i) = Val(fx2(1)) 'lat2 'target
ry20(i) = Val(fy2(i))  'lon2
h20(i) = Val(fz2(i))  'h2

Next 1

Fori=1 To cnt
rx1(i) = rx10(@i) * pie/ 180 'lat_radl ' source
ryl(i) = ryl0(i) * pie/ 180 'lon_radl

rx2(i) = rx20(i) * pie/ 180 'lat_rad2 'target
ry2(i) = ry20(i) * pie/ 180  'lon_rad2

Next i

al = Val(Textl)
bl = Val(Text2)
a2 = Val(Text3)
b2 = Val(Text4)

fl =(al -bl)/al
e2=(al”2-bl"2)/(al ~2)
2= (a2 -b2)/a2

da=a2-al

df=12-fl
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Rm = (al * (1 -€2))/ (1 - €2 * (Sin(rx1(1))) *2) ~ 1.5
Rn=(al)/ (1 - €2 * (Sin(rx1(1))) ~2) ~ 0.5

Fori=1 To cnt

drx_dx(i) = ((-1) * Sin(rx1(i)) * Cos(ry1(i))) / (Rm + h1(i)) * Sin(0.000004848136811))
drx_dy(i) = ((-1) * Sin(rx1(i)) * Sin(ry1(i))) / (Rm + h1(i)) * Sin(0.000004848136811))
drx_dz(i) = (Cos(rx1(i))) / (Rm + h1(i)) * Sin(0.000004848136811))

dry_dx(i) = (-1) * Sin(ry1(i)) / (Rn + h1(i)) * (Cos(rx1(i))) * Sin(0.000004848136811))
dry dy(i) = (Cos(ryl(i))) / (Rn + h1(i)) * (Cos(rx1(i))) * Sin(0.000004848136811))
dry dz(i)=0

dh_dx(i) = (Cos(rx1(i))) * (Cos(ry1(i)))
dh_dy(i) = (Cos(rx1(i))) * (Sin(ry1(i)))
dh_dz(i) = Sin(rx1(i))

Next i

M=cnt*3
N=3

ReDim A(1 To M, 1 To 3)
ReDim L(1 ToM, 1 To 1)
ReDim t(1 To 3, 1 To M)
ReDim TA(1 ToM, 1 To M)
ReDim TAT(1 To M, 1 To M)
ReDim Xv(1 To 3,1 To 1)

j=0
Fori=1ToM ' make A
j=i+1
A, 1) = drx_dx(j)
A(+ 1, 1) =dry_dx(j)
A(@+2,1)=dh dx()

A(l, 2) = drx_dy(j)

A(+ 1, 2) =dry_dy(j)
A(i+2,2)=dh _dy(j)

247



APPENDIX — (C)

A(1, 3) = drx_dz(j)
A(i+ 1, 3) =dry_dz()
A(i + 2, 3) = dh_dz(j)

i=i+2

Next i

j=0

'L matrix
Fori=1ToM
j=j+1

LG, 1) = (rx20) - rx10()) * 3600
L(i + 1, 1) = (ry20() - ry10(j)) * 3600
L(i + 2, 1) = h20() - h1(j)

i=i+2

Next i

'A transpose
Fori=1To3
Forj=1ToM

t(, j) = AG, 1)

Next j
Next i

'A transpose * A

Fori=1To3

Forj=1To3
TA(, j) = 0#
Fork=1ToM
TA(, j) = TAG, j) + t(, k) * Ak, j)
Next k
Next j

Next i
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" At*A inverse

Fork=1To3
Forj=1To3
If j <> k Then TA(k, j) = TA(k, j) / TA(k, k)
Next j
TA(k, k) = 1 / TA(k, k)
Fori=1To3
If i <>k Then
Forj=1To3
If j <> k Then TA(, j) = TA(, j) - TA(, k) * TA(k, j)
Next j
TA(, k) =-TA(, k) * TA(k, k)
End If

Next i
Next k

Fori=1To3
Forj=1ToM
TAT@A,j)=0
Fork=1To3
TAT(, j) = TAT(, j) + TAG, k) * t(k, j)
Next k
Next j
Next i

"inv(A transpose * A) *L
Fori=1To3
Xv(i, 1)=0
Fork=1ToM
Xv(i, 1) = Xv(i, 1) + TAT(, k) * L(k, 1)
Next k

Next i
dx=Xv(1, 1)

dy=Xv(2, 1)
dz=Xv(3,1)



APPENDIX - (C)

Translation x = dx
Translation y = dy

Translation z= dz

End If
End If
End Sub

Private Sub method Click()

If method.ListIndex = 0 Then ' 7-parameter similliarity
Translation x.Visible = True
Translation y.Visible = True

Translation z.Visible = True

rotation_x.Visible = True
rotation_y.Visible = True

rotation_z.Visible = True

Frame5.Visible = 0
Combol.Visible = 0
Combo2.Visible = 0

Textl.Visible =0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Labell6.Visible = 0
Labell7.Visible = 0
Label18.Visible = 0
Labell9.Visible = 0

Labell.Visible = True
Label2.Visible = True
Label3.Visible = True
Label4.Visible = True
Label5.Visible = True
Label6.Visible = True
Label7.Visible = True
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Labell.Caption = "Rotation_x"
Label2.Caption = "Rotation_y"
Label3.Caption = "Rotation_z"

scal.Visible = True

End If

If method.ListIndex = 1 Then ' 6-parameter similliarity
Translation x.Visible = True
Translation y.Visible = True

Translation z.Visible = True

rotation_x.Visible = True
rotation_y.Visible = True

rotation_z.Visible = True

Frame5.Visible = 0
Combol.Visible =0
Combo2.Visible =0

Textl.Visible = 0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Labell6.Visible = 0
Labell7.Visible = 0
Label18.Visible = 0
Labell9.Visible = 0

Labell.Visible = True
Label2.Visible = True
Label3.Visible = True
Label4.Visible = True
Label5.Visible = True
Label6.Visible = True
Label7.Visible = False

Labell.Caption = "Rotation_x"
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Label2.Caption = "Rotation_y'
Label3.Caption = "Rotation_z"

scal.Visible = False

End If

If method.ListIndex = 2 Then ' 3-parameter similliarity
Translation x.Visible = True
Translation y.Visible = True

Translation z.Visible = True

rotation_x.Visible = 0
rotation_y.Visible = 0

rotation_z.Visible =0

Textl.Visible =0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Labell6.Visible = 0
Labell7.Visible = 0
Labell8.Visible = 0
Labell9.Visible = 0

Frame5.Visible = 0
Combol.Visible = 0
Combo2.Visible = 0

Labell.Visible = 0
Label2.Visible = 0
Label3.Visible = 0
Label4.Visible = True
Label5.Visible = True
Label6.Visible = 1
Label7.Visible = 0

Labell.Caption = "Rotation_x"

Label2.Caption = "Rotation_y"
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Label3.Caption = "Rotation_z"

scal.Visible = 0

End If

If method.ListIndex = 3 Then ' Helmert

Translation_x.Visible = True
Translation_y.Visible = True

Translation z.Visible = True

rotation_x.Visible = 1
rotation_y.Visible = |

rotation_z.Visible = |

Textl.Visible = 0
Text2.Visible = 0
Text3.Visible = 0
Text4.Visible = 0

Labell6.Visible = 0
Labell7.Visible = 0
Label18.Visible = 0
Label19.Visible = 0

Frame5.Visible = 0
Combol.Visible =0
Combo2.Visible = 0

Labell.Visible = True
Label2.Visible = True
Label3.Visible = True
Label4.Visible = True
LabelS.Visible = True
Label6.Visible = True
Label7.Visible = True

Labell.Caption = "Rotation_x"

Label2.Caption = "Rotation_y"
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Label3.Caption = "Rotation_z"

scal.Visible = 1

End If

If method.ListIndex = 4 Then ' Moldensky
Translation x.Visible = 1
Translation y.Visible = 1

Translation z.Visible = |

FrameS5.Visible = 1
Combol.Visible = 1
Combo2.Visible = 1

Label3.Visible = |
Labell.Visible = 0
Label2.Visible = 0
Label3.Visible = 0
Label7.Visible = 0

Textl.Visible = True
Text2.Visible = True
Text3.Visible = True
Text4.Visible = True

Label16.Visible = True
Labell7.Visible = True
Label18.Visible = True
Label19.Visible = True

Label4.Caption = "Translation_x"
Label5.Caption = "Translation_x"
Label6.Caption = "Translation_x"
rotation_x.Visible = 0
rotation_y.Visible = 0

rotation_z.Visible = 0

scal.Visible = 0
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