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تعتبر نقاط الثوابت الأرضية الأساس للاعمال المساحية و الجيوديسية وانتاج الخرائط. تحدد احداثيات هذه النقاط نسبة الي سطح اسناد جيوديسي مختار لهذا الغرض. بعد تحديد خطى العرض و الطول للنقاط يتم تطبيق طريقة اسقاط الخرائط المتبناة من قبل هيئة المساحة للحصول على احداثيات خريطة. 
نتيجة لعملية الاسقاط هذه تتغير المسافات و الانحرافات بين النقاط على الخريطة مقارنة بالقيم المناظرة علي الأرض. يسمى هذا التغير بالتشويه نتيجة الاسقاط. تتعامل أجهزة المساحة التقليدية بما فيها أجهزة المحطات المتكاملة بقوانين الهندسة المستوية وقياسات أرضية غير مشوهة بينما يوجد تشويه فى احداثيات النقاط الثوابت نتيجة عملية الاسقاط. يترتب على هذا ظهور تضارب لمستخدم الأجهزة المساحة التقليدية أثناء تنفيذ الأعمال فى الطبيعة. 
اشتمل البحث على شرح لعملية اسقاط الخرائط بالأسلوب المتبع فى مصر. احتوى  البحث أيضا  على الشرح النظرى لهذه المشكلة و كذلك بيانها باستخدام أرصاد حقلية. اقترح البحث أيضا أربعة اقتراحات بحلول لهذه المشكلة منها حلول حسابية و الأخرى تحتوى على الحاق برامج لتغيير أسلوب العمل فى محطات الرصد المتكاملة. كل نتائج وخلاصة البحث مبنية على أرصاد حقلية.     
Abstract
The coordinates of the control points are the foundation of the surveying, mapping,  and geodetic works. The coordinates of the control stations are determined referred to a geodetic datum or coordinate system. The obtained geodetic latitude and longitude of a point are  projected to produce map plane coordinates according to some adopted mapping system. Due to the projection process, the distances and the azimuths among the ground stations are distorted, i.e. the map projected and the corresponding geodetic values are not equal for the same line. The most of Total Station instruments use plan surveying rules and map distorted coordinates. The measurements and the coordinates are not matching each others. So, the user in the field is facing problem. The main objective of this paper is to explained this problem in details theoretically and based on field observations.  Four solutions are suggested, two of them are solving the problem locally, where the user will avoid the problem in the field but the resulted coordinates will not be national. The other two solutions are complete solutions which change the way of using the Total Station by adding new software programs. The four proposals are explained and the results are tabulated.     
1-  Introduction

The two surfaces, the spherical earth and the map are not in coincidence and thus can not be transformed from one into another without stretching or tearing. Accordingly, the distances among the points on the plane must be modified and this modification causes alteration. Such alterations in distances, angles, and areas occur due to the process of projection and called distortions. Four types of distortion are of particular interest:

*Distortion of distance at a certain point = Distance in map / Corresponding distance on 

  earth

*Distortion of angle at a certain point = Angle on the earth - Corresponding angle in 

  map

*Distortion of area at a certain point = Area in the map / Corresponding area on the 

  earth
*Distortion of shape, a circle could be projected into a closed figure and a square could

  be projected into a quadrilateral

One can select map projection which retain angles without distortion at the cost of some distortion in distance and in area and so on.

The scale factor indicates the amount of distortion at some area equals the ratio between the length on projection and true length on the earth at the nominal projection scale. The scale factor will vary over the area covered by the projection and in most cases according to the direction in which the distance is measured. The length distortion is in relation with the scale factor where scale factor of 1.0004 will produce distortion of 0.0004.

In most of the projection cases, the scale factor at the central meridian is taken to be 1.0. It means that the distortion at the central meridian equals zero. The distortion increases with increasing the distance from the central meridian. This causes a considerable problems in the field work, these problems will be explained later. 

Two methods are suggested to treat the distortion problem, they summarized as follows:

1-  The first method

This method is suggested in (Youssry, 1984 ) and it is to limit the use of the projection to areas quite close to the central meridian. This gives a distortion as minimum as possible along the whole area of the zone but it gives a large number of zones, i.e. many discontinuities along the country occur. So it is not practical suggestion.

2-  The second method

This method is suggested in (Youssry, 1997) and it is to apply a reduction scale factor so that the scale along the central meridian is taken smaller than (1.0). Two lines of scale (1.0) are established towards the outer edges of the zone. This allows the scale factor to remain within tolerable limits at all points in the projected area. The suggested reduction scale factor gives scale error approximately equals half of the value of the scale error occurs in the present case of Egypt.  

These suggestions are not applied in the Egyptian Surveying Authority (ESA), so this research concentrates on the case as it is applied in ESA. The distortion problem and its effect on the field work are explained and four proposals for solving the problem are introduced.          

2- GPS Results

The GPS in its surveying mode (relative positioning) produces very high accurate three-dimensional coordinate differences (dX, dY, dZ). The resulted coordinate differences are added to the coordinates of the reference station/stations to obtain the coordinates of the unknown stations. Therefore the final results are the rectangular coordinates (X, Y, Z) related to the World Geodetic System 1984 (WGS84), e.g. (Lieck, 1991). The rectangular coordinates (X, Y, Z) are simply changed to their corresponding curvilinear values ((, (, h), look in e.g. (Heiskanen and Moritz, 1990).

3- Projecting the GPS Coordinates Into Map Coordinate System  

For mapping purposes, the resulted angular coordinates of GPS should be changed to the corresponding Cartesian planimetric coordinate system (E, N) suiting the mapping process. In Egypt, the angular coordinates are projected into a map in two ways. The first way is direct projection from WGS84. The second one is to transform the coordinates ((, () of WGS84 to the corresponding values of the local Egyptian Datum (EGD), then the transformed local values ((, () are projected to the mapping system. These procedures will be explained in the next subsections.

3-1- Map Projection in Egypt Using Transverse Mercator (ETM)

The adopted map projection in Egypt is the Transverse Mercator (TM). In the TM, the cylinder is tangent to the globe at a meridian, so the scale is true along that meridian. The projection equations (Richard and Adler, 1972) are:

E/( = (( cos( + ((((3 cos3( )/6) (1 - t2 + (2) + ((((5 cos5()/120) (5 - 18t2 + t4 + 14(2 – 

          58 t2 (2 + 13(4) + …                                                                                      (1)

N/( = S(/( + (((2 sin( cos()/2 + (((4 sin( cos3() (5 - t2 +9(2 + 4(4)/24 + (((6 sin( 
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where;

            (         is the radius of curvature in the prime vertical

             t         = tan(
             (2       = ((a2 - b2) cos2() / b2
             ((       = ( - (o  = longitude difference from central meridian in radians

             S(       = length of the meridian arc from the equator to latitude ( and is given as

S(  = a (Ao  ( - A1  sin 2( + A2  sin 4( - A3  sin 6( + …)                                          (3)

where;

            a, b       are the semi-axes of the ellipsoid

            Ao          = 1 - e2 / 4 - 3 e4 / 64 - 5 e6 / 256 - …

            A1          = 3 e2 / 8 + 3 e4 / 32 + 45 e6 / 1024 + …

            A2          = 15 e4 / 256 + 45 e6 / 1024 + …

            A3         = 35 e6 / 3072 + …

             e          is the first eccentricity of the ellipsoid

Latitude and longitude are computed from the rectangular map coordinates E and N by the following equations: 

(( = ( - (( = t1 [ - (E2 / 2(1(1) + (E4 / 24 (1(13) (5 + 3t12) ]                                  (4)

(( = ( - (o  = sec(( [E / (1 - (E3 / 6(13) (1 + 2t12 + (2) (E5 / 120(15) *

                      (5 + 28t12 + 24t14) ]                                                                         (5)

where;

             ((     is the footprint latitude

             (1     is the radius of curvature in meridian at ((
                (1     is the radius of curvature in the prime vertical at ((
              t1     = tan ((
             (12    = ((a2 - b2) cos2(() / b2
TM as applied with the adopted specifications in Egypt is called the Egyptian Transverse Mercator (ETM). Egypt is bounded between 25( E and 37( E longitudes. Egypt is divided into three zones each of 4( width. The specifications of the three zones in Egypt are shown as follows (Cole, 1944):

	
	Burble Belt
	 Red Belt
	Blue Belt

	latitude of origin
	30(N
	30( N
	30(N

	central meridian CM
	27(E
	31(E
	35(E

	false easting
	700000 m
	615000 m
	300000 m

	false northing
	200000 m
	810000 m
	1100000 m

	scale factor at CM
	1.0
	1.0
	1.0

	zone width
	4(
	4(
	4(


3-2- Map Projection Using Universal Transverse Mercator (UTM)

Regarding the international applications in Egypt with other countries and because the  transformation parameters between WGS84 and EGD are not well defined, so the Egyptian Surveying Authority (ESA) adopted the UTM projection beside the local system followed in Egypt. UTM projection is based entirely on the TM projection discussed in the preceding subsection. The specifications of UTM are as follows (Anderson and Mikhail, 1998):

1-  UTM projection is in zones that are 6( wide

2-  The geodetic datum is WGS84

3-  The origin of the longitude is at the central meridian

4-  The origin of latitude is at the equator

5-  False northing is 0 for the northern hemisphere

6-  A false easting of 500,000 m is used for the central meridian of each zone

7-  The scale factor at the central meridian is 0.9996

8-  The zones are numbered beginning with 1 for the zone between180( W and 174( W and increasing to 60 zones Eastwords

9-  The latitude for the system varies from 80( N to 80( S

4- Distance and Azimuth Distortion in ETM and UTM Projections

The geodetic curvilinear coordinates ((, () are related to some reference ellipsoid. To obtain map (grid) coordinates (E, N) map projection is applied through an intermediate surface , a cylinder in Transverse Mercator projections. The geodetic distance computed from angular  geodetic coordinates on the reference ellipsoid (Geodesic distance) will be different from the projected planimetric distance (computed from the projected coordinates (E, N)). The difference between them is the distortion in distance due to projection. The same with the azimuth, the geodetic azimuth being related to the actual meridian will be different from the corresponding used map grid azimuth. The difference between them is the distortion in azimuth due to projection. The distortion, as will be seen from its equations, depends on the easting distance of the concerning point from the central meridian of the projection. It depends also on the length of the concerning line. The equations for computing the distortion in distance and in azimuth for both cases of TM and UTM are as follows (Porter and McDonnell, 1979): 

The scale factor determined from the geographic coordinates is:

k = 1 + (((2 cos2( ) (1 + (2) / 2 + (1/24)(((4 cos4() (5 - 4t2 + 14(2 + 13(4 - 28t2(2 + 4(6 

       - 48t2(4 - 24t2(6) + (1/720)(((6 cos6() (61 - 148t2 + 16t4)                                  (6)

In the case that the map grid coordinates are available, so the scale factor is:

k = 1 +  (1/2) (E( / (1)2  (1 + (12) + (1/24) (E( / (1)4 (1 + 6(12)                                   (7)

The difference between the geodetic north and the grid north is:

( = (( sin( [1 + (1/3) (((2 cos2( (1 + 3(2)) + (1/15) (((4 cos4( (2 - t2)) ]                    (8)

(( and ( are in radians and if the available coordinates are the map grid ones, so the difference between the geodetic and the grid azimuths can be computed as:

( = t1 [(E( / (1) - (1/3) (E( / (1)3 (1 + t12 - (12) + (1/15) (E( / (1)5 (2 + 5t12 + 3t14)]    (9)

where E( = E - 500,000

5- The Coordinate System of Total Stations

Total Station is a surveying instrument collocating the traditional theodolite,  an Electronic Distance Measuring (EDM) unit and a processor with surveying software programs. The traditional observations like vertical angles, horizontal angles,  and distances are taken and the required coordinates are computed in real time. The computed coordinates in TS are planimetric on the ground as follows:

                                E2 = E1 + L sin A                                                                  (10-a)

                                N2 = N1+ L cos A                                                                 (10-b)

where:   E2, N2  are the TS coordinates of point 2

             E1, N1  are the TS coordinates of point 1

             L, A      are the horizontal distance and azimuth between point 1 and point 2 

6- The Incompatibility of the Map Coordinates with the Total   

    Station Coordinates

The coordinates of the Total Station (TS) are plan coordinates computed from ground observations, angles and distances. The projected national map coordinates are obtained traditionally from ground observations reduced to the surface of the reference ellipsoid and additionally map projected. The reduction to the reference ellipsoid will affect the observables by an Elevation Factor (EF). The map projection process will affect the distances by a Scale Factor (SF). The Elevation Factor is calculated as follows:

        EF = L’ / L = R / (R + hm)       

where L    is the ground distance 

           L’  is the ellipsoidal reduced distance 

           R   is the approximate radius of the earth

           hm   is the mean ellipsoidal height of the concerning line 
The Scale Factor in ETM and UTM projection is calculated using either equation (6 or 7), according whether the geodetic angular coordinates ((, () or map coordinates (E, N) are known. When a project is done using GPS and TS, The resulted GPS coordinates are already geodetic values related to WGS84 and incompatibility  problem will arise and will be explained as follows:

1)  The coordinates of the control points are obtained using GPS in the form (X, Y, Z) and/or  ((, (, h)

2)  The geodetic values  ((, () of WGS84 are map projected directly and the corresponding grid values (E, N) are obtained using UTM projection 

3)  The geodetic values  ((, () of WGS84 are transformed to the corresponding local values, related to the EGD, using an adopted reliable set of transformation parameters between WGS84 and EGD datums . The last values are projected using ETM projection and the map national coordinates (E, N) are obtained.

4)  The details of the project (cadastral and topographic) could be surveyed using TS. The TS occupies control station 1 and will be directed to control station 2. The orientation program will calculate the bearing corresponding to grig azimuth in the map projection plan of the line 1-2 from the simple equation;

                            B1-2 = tan-1[(E2-E1) / (N2-N1)]                                                      (11)

5)  TS is directed to control station 3, so the angle (2-1-3) is observed and the distance (1-3) is measured and the coordinates (E’3, N’3) of control point 3 are computed as in quations (10)

6)  The measured distance of the TS does not equal the map distance [(E3-E1)2+(N3-N1)2]0.5 due to the distortion. The same for the measured TS bearing which does not equal the map grid azimuth due to the distortion. Accordingly, the coordinates (E’3, N’3) of station 3 from the TS will not equal the corresponding values (E3, N3) from the GPS after the map projection. 

7)  So, if detailing is surveyed between two different GPS control stations, the result is two different coordinate sets for the same new point. This is the contradiction between the map coordinate system and the TS system or in other words the incompatibility between the GPS projected results and the TS way of positioning.   
7- Distance and Azimuth Distortion Based on Field Observations

GPS observations are taken and processed for a project extends about 100 km from Al-areesh and south-east and sometimes south directions. A control station is created every about 3 km beside the road. GPS observations are done using dual frequency GPS receivers and the base line results were accurate, about 5mm in 3km base line in average. 

The GPS results are obtained and transformed to the local datum (EGD) and map projected using ETM projection. The project is lying in the blue zone of Egypt with central meridian 35(E. The project is bounded by longitude 33( 50( 11( E and longitude 34( 22( 16( E. 

Distortions in distances and azimuths are computed using equations (7, 9) for some base lines as samples. The chosen samples are at different easting distances from the central meridian of the projection. The nearest to the CM, the farest to the CM, and the third base line at the middle. The ground corresponding distances and azimuths (from TS) are also shown.  

	
	base line 1 (nearest) 
	base line 2 (middle)
	base line 3 (farest)

	dist. From CM
	61581.670 m
	88426.765 m
	110966.306

	ground distance
	3433.138 m
	2874.949 m
	2904.274 m

	map distance
	3433.295 m 
	2875.224 m
	2904.713 m

	distance distortion
	15.7 cm
	27.5 cm
	43.9 cm

	ground azimuth
	137( 48( 34(.4
	131( 06( 05(.3
	170( 38( 01(.5

	map azimuth
	138( 08( 34(.2
	131( 34( 53(.1
	171( 14( 05(.3

	azimuth distortion
	000( 09( 59(.8
	000( 28( 47(.8
	000( 36( 03(.7


It is clear from the table that the distortion of a 3 km distance away 1( from the central meridian equals 44 cm. In other words, the difference between the measured 3 km distance and its corresponding computed value (from the map coordinates) reaches 44 cm at 111 km from the central meridian. The distortion in the azimuth at the same area reaches (36( 03(.7). The distortion in both distances and azimuth seems large. Accordingly, the distortion in distance and azimuth results in corresponding distortion in the coordinates between the map and the TS coordinates. 

The coordinates distortion can be approximately calculated as follows;

the easting distortion    = 44 cm * sin (171( 14( 05(.3) = 6.7 cm

the northing distortion = 44 cm * cos (171( 14( 05(.3) = 43.5 cm 

This distortion in coordinates accumulates along the whole area, which could accumulate to several meters closing error, depending on the extension of the project. 

Considering the nearer base line to the central meridian (61.6 km) with length (3433.295 m), the distortion in distance is (15.7) cm and the distortion in azimuth is  (09( 59(.8).

In the case that the Total Station will be used to find the coordinates of the last point starting from the first point in that project, so the following will be obtained;

the summation of the measured ground distance  = 78520.062 m

the map distance                                                 =  78527.538 m 

distance distortion                                               = 7.476 m

ground azimuth (near the geodetic)                     = 141( 42( 23(.2

map grid azimuth                                                = 142( 18( 12(.7

azimuth distortion                                               = 35( 49(.5 

These values will result a coordinates distortion approximately as follows;

the easting distortion   =  7.476 sin (142( 18( 12(.7) = 4.57 m

the northing distortion =  7.476 cos (142( 18( 12(.7) = 5.92 m

When a fixed station (with national map coordinates) is used at the end of the project, the above discrepancies in the coordinates will be discovered. This which we mean by the incompatibility between the GPS and Total Station in the surveying work.

8-  Proposed Solutions to Overcome the Distortion Problem  

The distortion problem as explained in the above sections causes problems to the users in the field. The following are some proposals to overcome this problem.

8-1 Scaling the Whole Area Where a Map Distance is Made to Fit the 

      Corresponding Ground Distance   

The steps in this proposal follows:

1-  Fixing the map coordinates of the first point in the project.

2-  Computing the ground length between the first point and the last point of the project, terminal points of the project. Ground distances are measured using EDM when it is possible. The ground distance could be taken equal to the geodetic distance in the case of long distances where total station can not directly measure. The difference between a ground distance and its corresponding value on the adopted ellipsoid is small and not comparable with the expected distortion. The geodetic distance is calculated using the geodetic inverse problem where the geodetic coordinates of both points are known from GPS measurements.
3-  Using the ground distance and the azimuth of that line, the coordinates of the last point are computed as;
                              E2 = E1 + L sin A           and          N2 = N1+ L cos A

4-  Now the user has the map coordinates of the start point (E, N)first as original map values and the modified coordinates of the last point (Em, Nm)last. Modified coordinates are the ones computed using the last equations and they will be the resulted coordinates of this proposal

5-  A two dimension plan transformation parameters are computed using the original map  coordinates of the first (E, N)first and the last (E, N)last points in one side and the original map coordinates of the first point and the modified coordinates of the last point (Em, Nm)last as follows (Anderson and Mikhail, 1998):

 



 EMBED Equation.2  

 is written for the two common points 

  where :    Em, Nm      are the modified coordinates

                  E, N         are the original coordinates

                  DE, dN    are the shift parameters

                  s               is the scale factor parameter

                  B              is the rotation parameter

6-  The computed transformation parameters are applied to the whole project. The results are modified coordinates fit the coordinate system of the TS but these coordinates are not national map coordinates. The results of this way are registered in this table as follows:

	
	            original coordinates

            E                            N
	         modified coordinates

          Em                        Nm

	First point 


	188812.376
	1221934.003
	188812.376
	1221934.003

	point 1


	202873.416
	1205259.922
	202872.082
	1205261.514

	point2


	219203.654
	1192882.354
	219200.769
	1192885.128

	last point 


	236830.246
	1159798.197
	236825.692
	1159804.127


From the table, the coordinates of the first point are held fixed. The coordinates of the 

Other points are changed with proportion to their distance from the first point. 

A comparison is made between distances and azimuths of some lines at the ground, 

from the national map coordinates, and from the modified coordinates. The chosen 

three lines are at the above last three points of the last table. The results were as follows;

	
	base line 1 (nearest) 
	base line 2 (middle)
	base line 3 (farest)

	dist. From fixed point
	5.648      km
	25.652     km
	33.365     km

	Ground distance
	2913.167 m
	1898.399 m
	1198.438 m

	map distance
	2913.406 m
	1898.622 m
	1198.790 m

	Modified distance
	2913.130 m
	1898.441 m
	1198.480 m

	Ground azimuth
	287( 04( 02(.1
	308 12( 09(.8
	010( 58( 17(.8

	map azimuth
	287( 29( 58(.4
	308( 43( 29(.6
	011( 18( 09(.8

	Modified azimuth
	287( 29( 58(.4
	308( 43( 29(.4
	011( 18( 16(.4


The distortion of the distances is much reduced due to the modified way and the azimuths

are almost kept as their values in the national map projection. The resulted coordinates are 

changed from their corresponding national values. The way is suitable if tying the project 

to the national mapping system is not a must, like making a local mapping system.      
8-2 Applying Local Projection Specific to The Considered Area

The distortion in some area is in proportion with the easting distance from the central meridian of the projection. The adopted projection in Egypt (ETM) has zero distortion at the central meridian. When a project lies near the central meridian of the projection, the distortion will be small and might be neglected. When the project lies away enough from the central meridian where the distortion significantly affects the work, the following procedures can be made;

1-  Applying the adopted national map projection on a Central Point (CP) in the project, so (ECP, NCP) are obtained.    

2-  Initiating a local TM projection specific to the area of the project with the following factors;  
                    latitude of origin is the latitude of the CP 
                    the central meridian is longitude of the CP

                    the false easting is the computed national ECP
                    the false northing is the computed national NCP 

                    the scale factor at the central meridian equals 1.0

                    the zone width is chosen where the distortion at the border of the zone is 

                    insignificant. 

If the zone width is 50 km the scale factor at the border of the area equals 1.0000077. This causes a distortion affecting 1 km distance at this area with (8 mm).

3-  Applying the local projection on the whole project. 

The results of this way at some points of the test area are as follows;

	
	         national coordinates

         E                           N
	     local projected coordinates

          E                          N

	Point of origin
	222741.335
	1190575.003
	222741.335
	1190575.003

	First point
	219203.654
	1192882.354
	219187.527
	1192856.573

	Second point 
	212648.588
	1197656.714
	212598.695
	1197583.021

	Third point
	202873.416
	1205259.922
	202769.740
	1205114.494


The resulted local projected coordinates are distant from their corresponding national ones. A comparison is made between distances and azimuths of some lines at the ground, from the national map coordinates, and from the local map projection. The chosen three lines are at the above last three points of the last table. The results were as follows;

	
	base line 1 (nearest) 
	base line 2 (middle)
	base line 3 (farest)

	Dist. from CM
	4.927      km
	11.168     km
	20.608     km

	Ground distance
	2913.167 m
	2874.949 m
	1898.399 m

	Map distance
	2913.406 m
	2875.224 m
	1898.622 m

	Local map distance
	2913.165 m
	2874.950 m
	1898.407 m

	Ground azimuth
	287( 04( 02(.1
	311( 06( 47(.2
	308( 12( 09(.8

	Map azimuth
	287( 29( 58(.4
	311( 34( 53(.1
	308( 43( 29(.6

	Local map azimuth
	287( 04( 06(.0
	311( 10( 00(.9
	308( 18( 34(.5


From the results in the table, the distances of the local map projection are almost not distorted unlike the distances from the national map projection. With respect to the azimuths, the distortion in the local map azimuths is not big and it is small relative to the corresponding values of the national map values. This proposed local projection is adequate to the Total Station, the distortion problem has been overcome but the new coordinates do not belong to the national coordinate system.   

Using the above mentioned two proposals will solve the distortion problem locally, it means the modified coordinates in both cases will be consistent and will properly work with the traditional surveying tools, Total Station. In the other side, every project or area will have its own map coordinate system. Therefore both proposals will work in each project independently  and will not work in national projects specially when they cover large areas. So the following proposal will be introduced.      

8-3 Modifying the Observations to Match the Map Values 

In this proposal, the observed distances and azimuths in the Total Station are modified, distorted, by the same way in the used national projection to obtain finally the national map coordinates. The procedures of this proposal could go as follows:

1-  The TS will occupy a station with known coordinates (E1, N1) 

2-  The TS will be directed to another known station (E2, N2) and apply the orientation programe to obtain the map bearing (B1-2)

3-  Equation (9) will be applied to transform the bearing (B1-2) to the corresponding ground azimuth (A1-2) by adding the resulted distortion 

4-  The TS will be directed to any point to be surveyed and the distance (L1-3) and the ground horizontal angle (W213) are measured

5-  The ground azimuth (A1-3) will be computed by adding the observed horizontal angle (W213) to the computed azimuth (A1-2)

6-  The map bearing (B1-3) will be computed from the obtained ground azimuth (A1-3) using equation (9), inverse of step 3.

7-  The map distance (L’1-3) will be computed from the measured ground distance (L1-3) by applying the scale distortion computed from equation (7).

8-  The coordinates of station 3 will be computed as map values using equation (10) 
9-  The above mentioned steps will be repeated to survey all the required work.

The last procedures are executed using field observations and the results are as follows:

	
	base line 1  
	base line 2 
	base line 3 

	dist.  From CM
	61581.670 m
	88426.765 m
	110966.306

	ground distance
	3433.138 m
	2874.949 m
	2904.274 m

	distance distortion
	15.7 cm
	27.5 cm
	43.9 cm

	map distance
	3433.295 m 
	2875.224 m
	2904.713 m

	ground azimuth
	137( 48( 34(.4
	131( 06( 05(.3
	170( 38( 01(.5

	azimuth distortion
	000( 09( 59(.8
	000( 28( 47(.8
	000( 36( 03(.7

	map azimuth
	138( 08( 34(.2
	131( 34( 53(.1
	171( 14( 05(.3


The computed coordinate differences and their corresponding values from the national values are identical after applying this proposal. This proposal is nothing else but projecting the TS measured distances to mapping plane by applying the scale factor after being projected to the ellipsoid using the elevation factor, and all TS observed horizontal angles will be the same on the projection plane (conformal property) and all computation of the traverse simply done on the map projection plane. 

8-4 The Geodetic Total Station Proposal

The two previous proposals are overcoming, to large extent, the incompatibility problem between the national map coordinates and their corresponding Total Station values. Total station or any traditional surveying tool works using earth’s surface, not distorted, observations. The fixed control points where the traditional surveying tools depends on are projected distorted values. Therefore a proposal of a Geodetic Total Station (GTS) is introduced. The geodetic computations could be done in 2 and in 3 dimensions. 

8-4-1 GTS Using 2 Dimension Computations 

The field work using the GTS and following the 2 Dimension computations will go as following;

1-  The geodetic work will be done for the control points traditionally or using GPS to produce geodetic coordinates ((, (, h).

2-  GTS will occupy a control point and the geodetic values of that point ((, (, h)1 will be interred to the GTS. In the case that the map coordinates (E, N) and orthometric height (H) are the available ones, a back projection as in equation (4 and 5) will be applied to obtain the geodetic coordinates  ((, ()
3-  GTS will be oriented at a second point and their geodetic coordinates ((, (, h)2 will be interred to the GTS. The orientation program in the GTS will compute the geodetic (ellipsoidal) distance and azimuth (L12, (12) using the geodetic inverse problem. The geodetic direct and the inverse problems computations are explained in (Nassar, 1984). 
4-  The GTS will be directed at a point to be surveyed and will measure the distance (L13) and the horizontal angle (W123). The azimuth ((13 ) will be computed as ((12 + W123). 
5-  Using the computation of the geodetic direct problem, the geodetic coordinate differences (d(, d(, dh)13 will be computed and added to the geodetic coordinates of point 1 to give the geodetic coordinates of point 3. Height difference (dh) will be obtained from the measured distance and vertical angle.
6-  The above mentioned steps will be repeated for the whole project.
7-  Coordinate transformation programs (in 3 Dimensions, 2 Dimensions, and in 1 dimension) will be added to GTS to transform the obtained geodetic coordinates to corresponding values related to another datum or coordinate system.
8-  Using the existed common points, the transformation parameters could be computed for the project area using attached software programs. The common points are points in the field with known coordinates on WGS84 and the local datum.
9-  Geoid models could be added to the GTS to be used in transforming the geodetic heights into orthometric heights.   
10-  The coordinates of any detail point surveyed from any control point will be unique and the incompatibility problem will be solved in the field.
11-  Map projection can be done inside the GTS using attached projection software programs to produce map coordinates in the field. The attached program will solve for the corresponding inverse problems also.
The geodetic inverse problem will be applied to obtain the geodetic distance and azimuth. In the case that the geodetic values will be in significant differences with corresponding ground values, although this is rarely happens, the attached geoid model will be used in anti-reduction process. The anti-reduction process will take geodetic distances and azimuths to give corresponding ground values. The equations of this process are mentioned in (Shaker, 1990).              

8-4-2 GTS Using 3 Dimension Computations

The field work using the GTS and following the 3 Dimension computations will go as the following;

1-  The geodetic work will be done for the control points traditionally or using GPS to produce geodetic coordinates ((, (, h).

2-  GTS will occupy a control point and the geodetic values of that point ((, (, h)1 will be interred to the GTS. In the case that the map coordinates (E, N, and H)1 are the available ones, a back projection as in equation (4 and 5) will be applied to obtain the geodetic coordinates. a geoid model will be added to the GTS to transform the orthometric heights to corresponding ellipsoidal ones 
3-  GTS will be oriented at a second point and their geodetic coordinates ((, (, h)2 will be interred to the GTS. The orientation program in the GTS will compute the geodetic distance, azimuth, and zenith angle (L12, (12, Z12) using the equations of the 3 Dimension computations as explained in (Shaker, 1990). 
4-  The GTS will be directed at a point to be surveyed and will measure the spatial distance (L13) and the horizontal angle (W123), and the zenith angle (Z13). The azimuth ((13 ) will be computed as ((12 + W123).

5-  The local (3-D coordinates) components (U13, V13, W13) between points 1 and 3 will be computed using the equations in (Shaker, 1990)

6-  The Rectangular Cartesian Coordinate differences (dX13, dY13, dZ13) will be computed using the equations mentioned in (Shaker, 1990)

7-  The Rectangular Coordinates (X3, Y3, Z3) will be obtained by adding the obtained 

       differences to the Rectangular Coordinates (X1, Y1, Z1) of point 1.

8-  The geodetic coordinates ((, (, h)3 will be obtained by applying the equations stated

      in (Shaker, 1990)

9-  Adopted map projection can be applied to obtain the map coordinates

10-  Geoid model can be used to transform the ellipsoid height into orthometric height

9- Conclusions

The problem of incompatibility between the map coordinates, coming from geodetic values and nationally map projected, and the plan coordinates from i.e. Total Station is explained. Four solutions for the problem are proposed. The results showed that the first two solutions are suitable for the Total Station and the resulted coordinates can be used locally, for separate projects. Their results cannot be used as national values. The third and the fourth solutions are proposals to modify the way of using the TS instruments through using different software programs. The third and the fourth solutions are working in compatible way with the national coordinates.  
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