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Abstract
The Global Positioning System (GPS) is a world-wide resource which enables us to determine our positions anywhere on the earth at any time. The areas in which the Global Positioning System (GPS) is suitable for use as the primary surveying system have grown considerably in recent years. Because of significant improvements in the design  of receivers, the software processing and analysis of the collected  data, the greater accuracy and efficiency that these have produced, engineering surveys have seen an increased use of GPS techniques. This paper is concerned with the use of GPS technology in establishing third order geodetic networks. For this purpose, a local traditional third order geodetic network was established in a test area at Helwan City.

The network covers 10 km2  area with third order network specifications. The network consists of five stations, observed by the traditional Hybrid technique, in which all horizontal angles and distances were measured, and tied to the first order triangulation station O1.  GPS relative observations are taken at all stations of this network. Then, such GPS observations were processed in the network mode. This research was performed in order to asses the GPS system in replacing the traditional techniques, in both the accuracy obtainable and relevant economic aspects, on local basis of establishing geodetic control. In this context, the results of  both traditional and GPS techniques have been compared in terms of the relevant geometrical aspects of the established network. Finally, based on the obtained results, conclusion and recommendations are given.

1.
Introduction
GPS satellite surveying is a three-dimensional  measurement  system based on observations of the radio signals of the NAVSTAR Global Positioning System. The  GPS observations are processed to determine station positions in Cartesian coordinates (X,Y,Z), which can be converted to geodetic coordinates  (latitude, longitude, and height above reference ellipsoid). With adequate connections to vertical control network points and determination of the height of the geoid, orthometric heights or elevations can be computed for the points with unknown elevations [6]. GPS proved itself as a strong surveying tool. It is easy to use, saves time, gives good precision and mass productivity. So the surveying community admitted the GPS in most of the surveying applications [5]. This research is done to show to which extent GPS observations can replace the traditional observations in the matter of precision, time, efforts, and finally costs of a limited surveying projects.

For this purpose, a local traditional third order geodetic network was established in a test area. The place of the test area is the desert area to the east of Helwan City. The network covers 10 km2 area, and consists of five stations as shown in Figure 1.  All the surveying work in the project is based on a third order triangulation network specifications. The network stations are chosen and observed traditionally  and using GPS by the authors. The traditional work in the test network was done by traditional surveying instruments; Theodolites for horizontal and vertical angles, Spirit Levels for height differences, EDM for the distance measurements. The GPS observations are collected in the Fast-Static mode at  the network stations. The used GPS receivers are Dual Frequency. The GPS work depended on the first order station O1 which exists in the work area. The GPS observations at these  stations are collected in the way to make a network, redundant base lines observations are taken. Comparisons are made between the angles, horizontal lengths, and height differences obtained from the traditional and GPS work, in order to asses the GPS system in replacing the traditional techniques in both the accuracy obtainable and relevant economic aspects, on local basis of establishing geodetic control.

2.
Traditional Geodetic Work 

2.1 
Traditional Observations
Recall that, the network consists of  five stations  illustrated in Figure 1. The lengths of the sides are measured using EDM unit. The horizontal and vertical angles among the stations are observed by one second theodolites. The observations are taken within the specifications of the third order networks. The horizontal angles are observed on four arcs and the vertical angles on two arcs. The allowed horizontal closing error in one arc is 15 seconds. The allowed difference between the sum of the vertical readings on both faces and 360 degrees is one minute. The vertical angles are taken to calculate the height differences between the stations. Height differences are also obtained using ordinary spirit leveling. 

2.2 
Traditional Computations
Four arcs for the horizontal angles are taken at every station in the network. Horizontal angles are calculated from every arc and the mean of every angle is obtained. Residuals and standard deviations  are also computed. Any angle has residual greater than three times standard deviation is rejected. The final angle is the mean of the rest. Using the mean angles and the technique of least-squares, variation of coordinates technique, the observations are adjusted. Hence, the horizontal coordinates of the network stations have been also calculated.  Least-squares adjustment technique is not our of concern here , it is explained in many literature's e.g. [2] and [8].

The height of station four is obtained by double run-precise leveling from a first order benchmark two km distant. Ordinary leveling have been done to obtain the heights of the remaining network stations. Also, reciprocal trigonometrically leveling are done through the network to obtain the height differences between the network stations.  Using the corrected vertical angles, the height differences between the stations are trigonometrically calculated using the reciprocal observations as [9]:

           Eye-object correction to the observed vertical angle = (s-hi) / (d tan 1")             (1)

where:         s       is the height of  the target,

                    hi      is the height of the instrument , and

                    d       is the horizontal distance between the two stations.

           Height difference = d . tan (( A+B) / 2 ) . (1+((hA + hB)/2R)+(d2/12R2))                (2)

where:          A       is the corrected vertical angle at station A,

                     B       is the corrected vertical angle at station B, and 

                     R       is the radius of the earth at the mid-latitude of A and B.

Height differences are also calculated from one side using one vertical angle from point to point simply as follows:

           Height difference = d . tan (A + ( (0.5 - K)) . (1+((hA + hB)/2R)+(d2/12R2))          (3)

where:          (        is the angle subtended at the center of the earth, and

                      K       is the coefficient of refraction.      

Depending on the height of station four, the heights of the other stations are obtained. These heights are considered as orthometric heights.

Finally, after the adjustment of the observations have been done using the least-squares technique, the coordinate differences (((, (() between the stations are computed related to the local Egyptian datum Helmert 1906 using Gauss-Mid latitude formula for the short lines. Depending on the coordinates ((, () of station O1 and adding the computed coordinate differences, the coordinates of the other stations are obtained. 

In short sentences, and from the adjusted coordinates of the network stations, the following will be focused:

1. Thirteen horizontal angles were observed among the five stations. The observations are taken on four arcs and the observed angles are adjusted as explained before.

2.   Eight horizontal distances measured using EDM.   

3. Four orthometric height differences between the stations, every height difference is obtained from spirit leveling and one way trigonometric leveling and reciprocal trigonometric leveling.
2.3
Precision Computations of The Traditional Results

1. Standard Deviations of the horizontal angles
Every horizontal angle is observed on  four arcs and the mean is taken after rejecting the value has residual more than three times standard deviation. These values of the angles with their standard deviations interred the least -squares adjustment. The least squares adjustment produced new values for these angles with new standard deviations. These values with their Standard Deviations are shown in Table (1).

2. Root Mean Square Errors of The EDM measurments
Ten measurements are taken for every distance (line) using the EDM unit. The mean is calculated and  the RMS. This value of RMS is an indicator to the precision of the observed value aside from the fixed part error of the EDM unit. It means that, RMS judges the repetitions,  these values are registered in Table (2).

3. Standard Deviations of The Height Differences from Spirit Leveling
All height differences between the stations, shown in Table (3), are obtained from closed loops. The closing errors were less than the allowed  value which is taken 8( k , where k is the length of the loop. The closing error is distributed. The standard deviation of the obtained height difference is taken as Constant / k , where k is the length of the leveling loop.

4. Standard Deviations of the Trigonometric Height Difference from one Direction
The height difference is calculated using Equation (3). This Equation shows that the height difference depends mainly on the distance and the vertical angle between the two stations. The error propagation  concept is applied to this Equation to show the effect of the errors in the distance and the vertical angle on the obtained  height difference. Equation  (3) is partially differentiated and the variances of the height differences are obtained. The values are shown in Table (3).

5. Standard Deviation of the Trigonometric Height Differences from two Directions
The height differences between two stations is calculated using Equation (2). The equation mainly depends on the distance and the two vertical angles at the two stations. The main benefit obtained here is to get rid of  most of the refraction effect  when the two angles are observed at the same time. The same like height difference from one direction, the law of propagation is applied to Equation (2) and the variances of the distance and the two vertical angles are substituted to give the variance of the obtained height difference. Their values are shown in Table (3).
3.
GPS Work

3.1
GPS Observations
There are two techniques by which station positions can be derived: absolute or point positioning and relative positioning. In the absolute positioning technique, data from a single station are processed to yield point position coordinates relative to the center of WGS84. The present accuracy of this technique ranges from 50 cm to 10 m  depending on the accuracy of the ephemerides and period of the observations [6]. To perform geodetic surveys at the centimeter-level or better, one must employ GPS relative positioning technique. In relative positioning, two or more GPS geodetic receivers  receive signals simultaneously from the same set of satellites. These observations are processed to obtain the components of the base line vectors between observing stations (station coordinate differences, (X, (Y, and (Z). When the coordinates for one or more stations are known, the coordinates for new points can be determined after adjusting for the systematic differences between the reference system for the GPS satellites and local geodetic control network [6].

Network stations are observed using GPS receivers. The used receivers are Dual-Frequency.   The observations were collected in the Fast-Static mode. One receiver occupied the first order national triangulation station O1 which already exists in the area. O1 is used as reference or base station. The other receiver was roving among the other five stations, Figure  2. The coordinates of station O1 is already known in both WGS84 and the local datum Helmert 1906. The observations are taken in five sessions in two days. The  used time of the GPS observations was around 8 hours. The sessions are planned before taking the observations through the preparation module in the used software.  The occupation time at every station was about 25 minutes with 15 seconds epoch. The GPS observations are made at the five stations with redundancy. Redundant observations produce redundant base lines which form a network. The collected data are processed and adjusted as free net by the used software to obtain the coordinates of the five stations related to WGS84 and depending on the coordinates of the reference station O1. The precision of the GPS coordinate differences, and consequently the coordinates is high as it is clear in Table (4). The table shows the cartesian coordinate differences between the stations and their standard deviations. From this table we can notice that the RMS values for the coordinate differences vary from 0.2 to 1.6 mm. These precision values ensure that the GPS technology gives good precision.    

3.2
GPS Computations
The collected GPS data are processed and adjusted as free network and the coordinates of the stations are obtained as curvilinear (SYMBOL 102 \f "Symbol", SYMBOL 108 \f "Symbol", h) and Cartesian (X, Y, Z) referred to WGS84. The processing software also calculates the horizontal distances, ellipsoidal height differences, and the azimuths between the stations. The obtained coordinates (X, Y, Z) related to WGS84 are transformed to their corresponding values related to Helmert 1906. The transformation is made using only three  shift parameters, which are the differences between the Cartesian coordinates of the station O1 on WGS84 and their corresponding values on Helmert 1906. It should be mentioned that the test area has only one common point which is O1. 

As a final result, the following are obtained from the GPS work:

1. Thirteen horizontal angles between the five stations. These angles are obtained as the differences between the azimuths resulted from the GPS work. 

2. Eight horizontal distances computed from the coordinates resulted from the GPS work, these distances are between the five stations.

3. Four ellipsoidal height differences between the five stations.

3.3
Precision Computations of GPS Results

1. Standard deviations of the horizontal angles
GPS horizontal angle is obtained by subtracting  two azimuths. Every azimuth is obtained from GPS work with its standard deviations. As a simple application of the error propagation low, the standard deviation  of the horizontal angle is obtained. The values are shown in Table (1).

2. Root Mean Squares of the distances
Like the distance of EDM, GPS distance is obtained as a mean of many observations during the GPS work. The mean and its RMS is obtained.  RMS indicates the closeness of the values to each other or to their mean, i.e.  precision of GPS results, Table (3). It should be noticed here also that the value of this RMS does not involve the fixed part error in the instrument.

3. RMS of GPS height differences

GPS height differences are obtained after processing the collected data. This height difference is obtained with its precision. The precision depends mainly on the accuracy of the reference station, time span of observations, and the length of the base line. In this work, dual frequency receivers are used, the reference station was first order network station and the base lines were short. Consequently, height differences were precise and they are shown in Table (3).

4. 
Concepts of Traditional And GPS Work 

The values of  the horizontal angles, horizontal distances, and height differences between the five stations obtained from  the traditional work are tabulated against their corresponding values obtained from GPS. The following should be noticed before making the comparisons between the traditional and GPS work:

1. Traditionally, horizontal angles are observed at the surface of the earth affected by the actual gravity field. On the other hand, the GPS horizontal angles are related to WGS84. The effect of this difference will be considered  here while making the comparison of the horizontal angles. The values of the deflection of the vertical components (SYMBOL 120 \f "Symbol", SYMBOL 104 \f "Symbol") are in the order of 2" in this area [3]. The equation used in the reduction of the horizontal angle, i.e. the effect of the difference between the actual and ellipsoidal gravity fields on the horizontal angles, is [9] : 
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where: 

SYMBOL 120 \f "Symbol"      is the component of the deflection of the vertical in the north-south direction,

SYMBOL 104 \f "Symbol"      is the component of the deflection of the vertical in the east-west direction,              

SYMBOL 97 \f "Symbol"      is the azimuth of the line between the occupied station and the target station,   and

z        is the zenith angle at the occupied station to the target. 

In our case, the reduction will be few seconds, around four at the maximum values. The reduction value is comparable with the differences between the traditional horizontal angles and their corresponding values from GPS, Table 1. 

2. Slope distances from the traditional work are observed using EDM. The corresponding GPS slope distances are calculated from the GPS coordinates through the used software, both kinds of distances are equal in the concept.

3. Traditional work gives almost orthometric heights while GPS gives ellipsoidal heights. The values under investigation here are the height differences from both sides, i. e comparing orthometric height differences (SYMBOL 68 \f "Symbol"H) with ellipsoidal height differences(SYMBOL 68 \f "Symbol"h). The difference between the two height differences will be regarded in the limit of one centimeter in its maximum value as it is calculated from the geoidal global model OSU91A. The reason for this small change in the undulation differences is that the working area is small. The relation between the ellipsoidal and the orthometric height differences [4] is:                                       

                                                  SYMBOL 68 \f "Symbol"N =  SYMBOL 68 \f "Symbol"h - SYMBOL 68 \f "Symbol"H                                                          (5)

The values of SYMBOL 68 \f "Symbol"N between the stations are small in this small area [3] and they are within the errors included in the traditional and GPS obtained heights. So, in this work, the orthometric height differences will be compared against the ellipsoidal height differences disregarding the difference in the concept.

Recall that, the faces of comparison between traditional and GPS works are done in the following items:

1. The mean observed traditional horizontal angles are adjusted and  tabulated against the GPS values with their standard deviations. The differences between the adjusted angles and their GPS values are also given in Table 1.                        

2. The lengths of the sides traditionally observed using EDM are tabulated against their corresponding GPS values with their standard deviations and the differences between them as illustrated in Table 2.

3. Height differences from ordinary spirit leveling, one way trigonometric, reciprocal trigonometric leveling, GPS height differences, and their standard deviations are given in Table 3. 

5. Analysis Of The Obtained Results
1) Looking at Table (1), concerning the horizontal angles,  the following can be noticed:

        Standard deviations of the GPS horizontal angles are smaller than their   

        corresponding values obtained from the traditional work. Minimum, maximum and 

        mean values of standard deviations in GPS work are  0.016(, 0.068( and 0.042(. 

        The corresponding values in the traditional work are 0.244(, 1.518( and 0.845(. 

          The differences between the traditional and GPS values are smaller than the expected  

         values except the maximum and the minimum values. The minimum, maximum and the 

         mean values are -5.04(, 5.02( and  0.58(.

2) Looking at Table (2), concerning the distances, the following can be noticed:
          Standard deviations of the GPS values are one order of magnitude smaller than their 

         corresponding values from the traditional work. The distances from GPS and traditional 

         work are very close to each other. 

3) Looking at Table (3), concerning the height differences, the following can be noticed:

          Distances between stations were not long, so the results and their standard 

          deviations in the three kinds of the traditional work were close to each other. The 

          height differences from GPS differed from their corresponding traditional values 

          within the expected tolerance. Standard deviations of GPS results were one order 

          of magnitude smaller than their corresponding values from the traditional work.

4) Looking at Table (4), showing the results of  the GPS work as a Cartesian coordinate differences, we can  notice that, the precision of the GPS work is very high. This means that the different solutions (for every base line) are very consistent. These results are expected because the base lines are short and the number of the satellites and their distribution during the observation sessions were very good, i.e. DOP was very good. It should be mentioned here that the standard deviations of the resulted values are measures of the precision and not by necessity of the accuracy.

Other factors should be taken into consideration beside the precision of the output in the surveying work. Time duration of the project,  the price of the used instruments, and number of persons. The factor affecting the final cost of the project. Aside from the common work and efforts are done for both traditional and GPS work, the rest of the work will be under comparison. It mean the comparison will not involve the part of reconnaissance  and fixing the stations (Monumentation).

a)  Duration of the Project
 In average, the station in the traditional work takes 4 hours to observe the required directions and the EDM distances. In the case, the height differences are required traditionally with good precision, spirit leveling is used and it took 2 hours per 1 km. So, the total time of the traditional work for making the required observations at 5        stations was 20 working hours for angle and distance measurements and 16 working hours for spirit leveling, i.c. 36 working hours.

The station in GPS work took 45 minutes as fast static technique. The work of GPS is done in 5 sessions containing 11 base lines with 8 working hours. So the traditional work took 4.5 times the GPS work.

b)  Number of Persons

 The traditional work is made by an observer, writer, and 3 assistants for fixing the stations, carrying the EDM reflectors,  and the staffs for leveling work. The GPS work is done by one observer and one assistant for help.

c)  The Used Instruments

 The traditional work is done using traditional instruments, i.e. theodolite , spirit level and EDM unit. The GPS is done using 2 GPS dual frequency receivers. It is clear that the price of the traditional  instruments is much less compared to the two GPS receivers. On the other hand it should be noticed that GPS greatly saves time,  persons and  efforts. Consequently, times work (many projects), GPS will save more and more which makes the difference in price will be less. Additionally , GPS unlike the traditional technique works  kinamatically giving mass production in mapping and many surveying applications. All the above mentioned phaces of comparisons are listed in Table 5. 

6-  CONCLUSIONS

Based on the above results, discussions and analysis, the following can be concluded:

· GPS is a powerful tool in most of the surveying applications.

·  GPS gives better precision, saves time and reduces costs compared to the traditional techniques in the scale of the third order networks.  
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Table  1 :  Adjusted Horizontal Angles from Traditional Work and GPS. 

	Angle
	      Trad. Adj.
	 (Trad.
	         GPS
	  (GPS
	 Difference

	    1
	35( 23’  33.67
	1.262
	35( 23’  33.21
	0.055
	     0.46

	    2
	36   28   45.52
	1.518
	36   28   37.25
	0.042
	     2.96

	    3
	31   38   34.46
	0.257
	31   38   27.85
	0.068
	     2.58

	    4
	48   27   45.70
	0.886
	48   27   48.83
	0.021
	   - 4.10

	    5
	24   20   38.01
	1.365
	24   20   40.88
	0.053
	   - 1.89

	    6
	48   38   53.91
	0.926
	48   38   54.63
	0.047
	   - 3.49

	    7
	26   54   15.92
	0.244
	26   54   09.80
	0.016
	      5.02

	    8
	53   30   26.83
	0.412
	53   30   23.04
	0.031
	      4.76

	    9
	50   56   38.26
	0.499
	50   56   38.52
	0.027
	      3.50

	  10
	39   04   25.01
	0.741
	39   04   23.18
	0.046
	      2.57

	  11
	76   46   01.33
	0.849
	76   46   08.50
	0.051
	   - 5.04

	  12
	39   48   46.50
	1.227
	39   48   44.43
	0.049
	      0.07

	  13
	28   01   34.00  
	0.799
	28   01   30.86
	0.041
	      0.16


 Table  2 :   Lengths of Sides  from EDM  and GPS Measurements 

                              with their Standard Deviations. 

	Side
	   EDM
	 ( EDM
	    GPS
	( GPS
	    Diff.

	 4-5
	523.8597
	0.0035
	523.8642
	0.0002
	-0.0045

	 4-6
	987.7180
	0.0027
	978.7039
	0.0008
	 0.0141

	 4-7
	793.9227
	0.0051
	793.9192
	0.0003
	 0.0035

	 4-8
	834.4890
	0.0021
	834.4945
	0.0004
	-0.0055

	 5-6
	607.4084
	0.0059
	607.4122
	0.0003
	-0.0038

	 5-7
	771.1481
	0.0046
	771.1581
	0.0004
	-0.0101

	 6-7
	587.2082
	0.0039
	587.2137
	0.0002
	-0.0057

	 7-8
	496.6379
	0.0019
	496.6383
	0.0002
	-0.0004


Table  3 :  Height Differences from Traditional Leveling  and GPS

                                    with their Standard Deviations.                            

	Line
	  (H (a)
	  ((H (a)
	  (H (b)
	 ( (H (b)
	  (H (c)   
	 ((H (c)
	  (HGPS
	((H GPS

	 4-5
	  8.438
	0.0042
	  8.461
	0.0091
	  8.446
	0.0081
	  8.445
	0.0005

	 4-6
	18.777
	0.0055
	18.764
	0.0162
	18.774
	0.0124
	18.783
	0.0009

	 4-7
	  6.904
	0.0045
	  6.874
	0.0091
	  6.885
	0.0079
	  6.892
	0.0008

	 4-8
	  5.593
	0.0050
	  5.572
	0.0097
	  5.575
	0.0091
	  5.585
	0.0008


(a) height difference from ordinary spirit leveling,

(b) height difference from one way trigonometric leveling, and

(c) height difference from reciprocal trigonometric leveling.

Table 4 :  Cartesian Coordinate Differences with their St. Dv. from GPS.
	Side
	(X (m)
	((X
	(Y (m)
	((Y
	(Z (m)
	((Z

	O1-4
	-590.5807
	0.0007
	264.3724
	0.0005
	693.5140
	0.0005

	O1-5
	-936.2149
	0.0006
	537.8386
	0.0005
	976.6984
	0.0004

	 4 - 5
	-345.6237
	0.0004
	273.4629
	0.0003
	283.1889
	0.0002

	 4 - 6
	-542.5922
	0.0016
	818.9204
	0.0009
	102.5768
	0.0008

	 4 - 7
	-181.8543
	0.0006
	692.4469
	0.0004
	-343.1530
	0.0005

	 4 - 8
	139.8299
	0.0006
	488.5632
	0.0005
	-661.9174
	0.0005

	 5 - 6
	-196.9693
	0.0006
	545.4621
	0.0005
	-180.6204
	0.0005

	 5 - 7
	163.7819
	0.0007
	418.9932
	0.0005
	-626.3425
	0.0005

	 5 - 8
	485.4632
	0.0009
	215.1079
	0.0005
	-945.0993
	0.0004

	 7 - 6
	360.7498
	0.0004
	-126.4687
	0.0003
	-445.7412
	0.0003

	 7 - 8
	321.6803
	0.0004
	-203.8825
	0.0003
	-318.7527
	0.0002


                       Table 5: Phases of Comparison Between Traditional and GPS Work

	Item
	Traditional work
	GPS work

	Project duration
	4.5  time units
	1 time unit

	No. of persons
	5 (1 engineer & 4 assistants)
	2 (1 engineer & 1 assistant)

	Used instruments
	theodolite & EDM unit & level & accessories
	2 GPS recievers

	Results
	indirect
	direct

	Calculations
	manually or/and automatically 

(time consuming)
	automatically

easy (ready software)

	Cost  ……  L.E.

    a. Instruments

    b. Persons

    c. Transportation

       ---------------------

       Total Cost
	2400 (400*6 days)

1200 (200*6 days)

900 (150*6 days)

--------------------------

4500                     L.E.


	1200 (600*2 days)

300 (150*2 days)

300 (150*2 days)

---------------------------

1800                  L.E.


        L.E.  Egyptian Pound.
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