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Abstract
The use of GPS receivers became popular anywhere in many fields. Different accuracies could be obtained from GPS to serve in different fields of applications. GPS could be used in navigation, point positioning, and differential modes by processing the code. On the other hand, GPS could be used in relative positioning (surveying mode) by processing the carriers (phase observations). Surveying mode serves practically as static and kinematic techniques of observations. The precision of the GPS techniques may be published in the manuals of the instruments. In this research, the precisions of the GPS techniques are practically investigated. The effects of many factors on the results of the GPS work are studied. GPS observations along the last five years and covering different places in Egypt are used in this study. The results of this research met the published results and some cases did not meet the published results.

1- Introduction
GPS has revolutionized geodesy and surveying techniques. Considering the precision, GPS is three orders of magnitude more precise than the traditional surveying techniques. With respect to the efficiency, GPS could be several times better than the traditional surveying techniques wherever the sky is opened. Many problems in geodesy, surveying, and GIS fields could be solved using GPS, some of these problems are[1]:

1) Integration problems

GPS successively cooperates with other surveying sensors such as Inertial Surveying System and photogrammetric cameras. This integration system helps in most of the surveying and GIS applications. The densification of the existed geodetic networks can be done using GPS. Connecting the geodetic networks in different countries / continents could also be done using GPS.

2) Accuracy

the accuracy of the GPS work are much better than any traditional work in local, regional, and global applications.

3) Efficiency

when employed properly, GPS can essentially replace expensive and insufficient traditional surveying techniques.

4)  Cost effectiveness

control points serve as the base skeleton for all maps produced by traditional, photogrammetric, or remote sensing methods. Traditional field surveying constitutes about 30( of the total cost of mapping and engineering projects (Ibid). When GPS techniques are imployed, this cost could be reduced to 10(.

5)  Ease

GPS can combine ease, economy, and speed with high precision control points. The existing National Geodetic Reference System in any country is not adequate for GPS work at the accuracy level of 1:100,000 or better.

6)  Availability

the existing geodetic networks in many countries do not provide 1:100,000 relative accuracy in all areas. Existing networks are too sparse, inaccessible, and inadequate. Many monuments are destroyed or are located under obstructions. GPS can properly work in these situations.

7)  New applications

Local users have requirements and specific interests in a higher accuracy reference system as dam movement studies, tectonic studies, gravity field determination, etc.

8)  Consistency and homogeneity

An evenly-spaced high precision GPS control stations in every country could be established using GPS. Establishing a continent-wide GPS survey can bring consistency to geodetic, mapping, and GIS efforts throughout the world.  

9)  Compatibility

GPS surveys provide data in a variety of formats for use in any platform and software package.

GPS provides coordinates in different modes like navigation, differential, and relative. Navigation produces coordinates for non-surveying purposes. Differential positioning is enough for GIS, hydrographic, and some surveying applications. Relative positioning is used for all kinds of surveying  and geodetic applications. All GPS differential and relative work need known point/points in WGS84. The known point/points are called base station/stations. Base stations either known previously or could be created by Single Point Positioning (SPP). SPP is obtaining station coordinates by processing the collected code at that station along time period.

The research investigates the effect of many factors on the SPP and relative GPS work. The investigation is done through actual GPS data have been taken along five years. This experimental work is done also to verify the published results in this field. The observations are taken in different places in Egypt.

2- Single Point Positioning (SPP)
The coordinates of a reference station are needed for the relative (surveying) work. The accuracy of the obtained base lines depends on the accuracy of the coordinates of the reference station. The coordinates of the reference station could be obtained by tying it to i.e. an IGS station, tying it to a known point or creating it using single point positioning. Some surveying projects do not need absolute coordinates (tied absolutely to the reference frame through i.e. IGS stations), so the coordinates of the reference station can be obtained using SPP. SPP uses code observations. The accuracy of SPP depends mainly on the amount of the collected data.  

The factors have been studied in the case of Single Point Positioning are: 

2-1 Duration
 Duration is the time span (the session length) of collecting the GPS data. It is 
 expected that more data gives better SPP. The object of this point is to make balance 
 between the session time and the accuracy obtained.   
2-2 The Observation time

 It means the period in the day, the observations have been taken, morning, noon, 
 afternoon or night. Does it make difference if the observations are collected in 
 different times during the day? If it is so, then the time should be previously defined.
2-3 The Musk Angle

 The musk angle is the angle where the satellites of elevation angles lower than it are 
 neglected. When higher angle is used, less satellites are obtained and the probability of
 good DOP is reduced. In the same time, angles less than 15( are not suggested to 
 avoid the effect of the atmospheric refraction [2].   
2-4 Repeatability
Different solutions for the same point are obtained from different observations taken        at different days. So, factors such as the ionosphere, troposphere, constellation of the 

satellites, orbits of the satellites are changed with time. Repeated observations will 

assess the GPS system.
2-5 Repeatability With and Without SA

Selective Availability (SA) is a method of denying civilian users full use of the system [3]. This kind of denial has been done by “dithering” the satellite clock frequency in a way that prevents civilian users from accurately measuring instantaneous pseudo-ranges. SA second way is to truncate the transmitted navigation message so that the coordinates of the satellites can not be accurately computed. The  error in satellite position roughly translates to a like position error of the receiver [4]. NASA declared that SA is stopped at the beginning of May, 2000. Observations at the  same stations are taken before and after the first of may, 2000 to show the effect of SA on the SPP. 

2-6 Treating the Atmosphere

 Troposphere and Ionosphere are the two components of the Atmosphere. The      troposphere is the part of the atmosphere up to a height of about 30 kilometers causes       a delay on the propagation of electromagnetic waves such as those used in GPS. To       compute this delay the behavior of the refractive index for the troposphere must be       known. Various models exist (all based on information of pressure, temperature and       relative humidity of the ground station) which allow this path delay to be computed.      The following models are used in treating the atmosphere; Hopfield, Modified       Hopfield, Saastamoinen, Essen & Froome and No troposphere [5]. 

 The ionosphere is the part of the atmosphere between about 50 and 1000 kilometers.      It causes a signal path delay which can sometimes amount to several tens of meters.       The ionosphere will be treated in two ways; No model and Standard. The standard       model is a single layer model that is based upon assumptions on the total amount of       electrons and their distribution within this layer. Based on this model the ionospheric       path delay is computed at each epoch to each satellite. 

2-7 The Observation Rate (the epoch)

The specific instant of time between every two successive observations, it is named an       epoch. The observation rate could be set 1 second in the field and during the post       processing in the office, the user may only want to use every second or every third       observation as example. In most of the instruments, the rate can be 1, 2, 3, 4, 5, 6, 10,       12, 15, 20, 30, and 60 seconds. The (use all) option will use all recorded observations       regardless of the sampling rate used during field observations. 

2-8 The Data Used

 As mentioned before, The Single Point Positioning offers the opportunity to compute       a much better absolute position than that obtained by the navigation solution, by using       the code measurements [6]. The used code is the C/A code which is modulated upon       L1 and L2. The frequency of L1 carrier is higher than the frequency of L2 which       means that L1 carrier is resisting the atmosphere more than L2 carrier. The two cases are practically studied.
2-9 The Dilution Of Precision (DOP)

The DOP factor indicates the geometrical strength of the satellite constellation at the       time of measurement [7]. The geometry of the available satellites is an important       factor in achieving high quality results. The geometry changes with time due to the       relative motion of the satellites. Geometrically, this factor is inversely proportional to       the volume of a body formed by the top of unit vectors between the observing site and       the satellites. Using the almanacs of the satellites, the DOP values can be obtained       before taking the observations. So, suitable time of observations could be chosen in       advance. The effect of the DOP value during the observation on the SPP results is       studied.
2-10 Number of Satellites

More available satellites in the ski means more observations than the necessary.         Accordingly, more satellites means better precision. In addition, the satellites should         be well distributed. Satellites of low elevation angles causes reduction in the obtained         precision because of the atmospheric refraction. The coordinates of the same station         are obtained using different numbers of satellites.
2-11 Base Line Solution

A base line solution ((X, (Y, (Z) is obtained from the single point positioning         solution of the two terminal points of the base line. The values are compared with         their corresponding values from the relative solution. So, to which limits of accuracy,         the SPP base line can replace the relative solution. SPP employs one receiver, could         be a navigator, which means shorter sessions and less cost.         

3- Results and Analysis of Single Point Positioning

3-1  Duration

        Three cases are studied: 

 case 1;  7hours and 30 minutes of  observations are taken at station in Alobour 

                   city at 12 October 1999. The GPS observations are processed several 

                   times with one hour difference every time. The resulted coordinates 

                   with their standard deviations were as follows:

Table 1: the session duration effect on the SPP results, case 1 

	Duration h
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	7.5
	4704567.377 
	2878158.613
	3193178.575
	1.785
	1.222
	1.228

	6.5
	4704566.474
	2878157.655
	3193177.448
	2.023
	1.366
	1.431

	5.5
	4704555.252
	2878155.929
	3193173.614
	2.498
	1.558
	1.634

	4.5
	4704539.747
	2878145.962
	3193166.028
	3.182
	2.002
	1.954

	3.5
	4704518.291
	2878126.315
	3193145.187
	4.049
	2.914
	2.692

	2.5
	4704497.602
	2878108.133
	3193119.474
	5.190
	4.022
	3.775

	1.5
	4704421.542
	2878072.820
	3193042.350
	8.225
	5.651
	5.848


The coordinates and their standard deviations are significantly affected by reducing the session time. A change of 1.7 meter in the positional vector happened at reducing the session time from 7.5 to 6.5 hours. A change of 11.75 meters in the positional vector happened at reducing the session time from 6.5 to 5.5 hours, 10 meters limit is exceeded. A range of about 217 meters change in the positional vector appeared when the session time is reduced from 7.5 to 1.5 hours. The Standard Deviations (St. Dv) of the results in the X direction are larger than the St.Dv of the other two directions (Y, Z) may be because of the passes direction of the satellites at that time are not supporting the X direction. 

 case 2; 5 hours of observations are taken at station near Suez at 4 Marsh 2000. 

                 The observations are processed with one hour difference. The resulted 

                 coordinates and their standard deviations were as follows:

 Table 2: the session duration effect on the SPP results, case 2

	Duration h
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	5
	4633565.190 
	2938848.746
	3240784.901
	3.016
	2.193
	2.285

	4
	4633545.892 
	2938836.423
	3240779.700
	3.899
	2.726
	2.715

	3
	4633484.959
	2938797.297
	3240746.666
	5.584
	3.719
	3.638

	2
	4633474.097
	2938735.093
	3240681.560
	6.542
	5.018
	5.309


the coordinates and their standard deviations are significantly affected by reducing the session time. A change of 23.47 meters in the positional vector happened at reducing the session time from 5 to 4 hours, 10 meters limit is exceeded. A range of about 178 meters change in the positional vector appeared when the session time is reduced from 5 to 2 hours. 

 case 3; 6 hours of observations are taken at station near Abo-soltan at 16 June
2000.  The observations are processed with one hour difference. The

resulted coordinates and their standard deviations were as follows:
Table 3: the session duration effect on the SPP results, case 3
	Duration h
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	6
	4661123.772 
	2931285.372
	3208446.885
	0.232
	0.154
	0.168

	5
	4661123.059 
	2931284.865
	3208447.710
	0.199
	0.140
	0.154

	4
	4661124.959 
	2931284.869
	3208448.869
	0.204
	0.153
	0.163

	3
	4661126.091 
	2931285.403
	3208449.383
	0.239
	0.173
	0.192

	2
	4661124.074 
	2931283.146
	3208448.350
	0.321
	0.225
	0.269


the coordinates and their standard deviations are non-significantly, relative to the 10 meters limit,  affected by reducing the session time. A change of 1.25 meters in the positional vector happened at reducing the session time from 6 to 5 hours. A range of  2.68 meters change in the positional vector appeared when the session time is reduced from 6 to 2 hours. It should be noticed that the observations are taken after the first of May, 2000 when NASA stopped the effect of SA. 

3-2 The observation time
       Three cases are studied:

 case 1; 8 hours of observations are processed 2 by 2 hours. The observation 
                 station was at Alobour city and the resulted coordinates and their 

                 standard deviations were as follows:
	  From: to
	X  m
	Y  m  
	Z  m
	(X   m
	(Y  m
	(Z  m

	10  6  45 :

12  6  45
	4704590.248
	2878166.781
	3193191.932
	1.624
	1.330
	1.172

	12  6  45 :

14  6  45
	4704595.152
	2878177.136
	3193204.899
	1.932
	0.987
	1.205

	14  6  45 :

16  6  45
	4704567.653
	2878163.565
	3193198.677
	3.133
	2.316
	2.015

	15 30  00 :

17 30 00 
	4704489.258
	2878105.409
	3193112.475
	5.666
	4.320
	4.063


the coordinates and their standard deviations are significantly affected by changing the time of taking the observations. 

 case 2; 8 hours of observations are processed 2 by 2 hours. The observations     
                 are taken at Sharm-Elsheikh and the resulted coordinates and their 

                 standard deviations were as follows:
	 from: to
	X  m
	Y  m  
	Z  m
	(X   m
	(Y  m
	(Z  m

	6 55 30 :

8 55 30
	4654039.987
	3183877.214
	2970633.329
	0.607
	0.290
	0.314

	8 55 30 :

10 55 30
	4654043.215
	3183878.335
	2970635.616
	0.235
	0.198
	0.174

	12 59 00 :

14 59 00
	4654050.050
	3183881.745
	2970645.434
	0.325
	0.234
	0.210

	14 39 59 :

16 39 59
	4654054.305
	3183891.190
	2970647.430
	0.275
	0.262
	0.195


the observations were taken after the first of May 2000. The standard deviations are relatively small but the coordinates still changing significantly.

 case 3; 6 hours of observations are processed 2 by 2 hours. The observations 

                  are taken near Abo-Soltan and the resulted coordinates and their 

                  standard deviations were as follows:  

	from : to
	X  m
	Y  m
	Z  m
	(X m
	(Y m
	(Z m

	8  21  45 :

10 21 45
	4661116.527
	2931285.331
	3208441.763
	0.732
	0.332
	0.395

	10 21 45 :

12 21 45
	4661126.208
	2931285.331
	3208449.696
	0.253
	0.199
	0.194

	12 21 45 :

14 21 45
	4661123.955
	2931283.942
	3208447.904
	0.356
	0.245
	0.306


the same like in the previous case, the standard deviations are relatively small but the coordinates still changing significantly. This will refer to the strength of the ski during every two hours, number of satellites and their distribution (DOP).

3-3 The musk angle

      The effect of changing the musk angle on the results is studied at three different  

       stations and the results were as follows:

 case 1; 7.5 hours of observations are processed with different elevation musk 
                 angles. The resulted coordinates and their standard deviations were as 

                 follows:

	musk angle
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	5(
	4704580.161
	2878164.859
	3193186.640
	1.399
	1.025
	1.042

	10
	4704580.142
	2878164.881
	3193186.648
	1.403
	1.026
	1.042

	15
	4704567.377
	2878158.613
	3193178.575
	1.785
	1.222
	1.228

	20
	4704551.888
	2878150.328
	3193167.140
	2.332
	1.463
	1.489

	25
	4704540.871
	2878144.180
	3193159.454
	3.013
	1.870
	1.869

	30
	4704521.403
	2878136.943
	3193144.927
	3.814
	2.277
	2.379


small differences in the coordinates and standard deviations between the two cases of 5( and 10( elevation angles. This is because the number of satellites is almost not reduced. The differences are significantly appeared when the angle changed to 15( and higher, number of satellites is significantly reduced.   

 case 2; one hour of observations are processed with different musk angles. The 

                 resulted coordinates and their standard deviations were as follows:
	musk angle
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	15(
	4624312.785
	2928472.825
	3263284.624
	0.800
	0.793
	0.584

	20
	4624306.068
	2928470.379
	3263277.582
	0.638
	0.604
	0.488

	25
	4624302.782
	2928470.042
	3263272.435
	0.519
	0.451
	0.412

	30
	4624298.415
	2928469.369
	3263267.020
	0.441
	0.326
	0.366


the standard deviations of the solutions are improving at the higher musk angles. It might be happened because the session was only one hour. So, the ski might was stronger at high elevation angles.

 case 3; four and half hours of observations are processed with different musk 

                 angles. The resulted coordinates and their standard deviations were as 

                follows:
	Musk angle
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	15(
	4654042.365
	3183878.012
	2970634.620
	0.230
	0.161
	0.155

	20
	4654041.391
	3183878.625
	2970635.417
	0.239
	0.166
	0.163

	25
	4654041.054
	3183879.347
	2970636.433
	0.247
	0.174
	0.169

	30
	4654041.057
	3183879.535
	2970637.543
	0.258
	0.179
	0.178


the coordinates and the standard deviations are slightly changed with the change of the elevation angles. The reason could be that the observation were taken after stopping the SA.

3-4 Repeatability

      Two cases are studied where GPS observations are taken at the same points in two 

      different dates.

 case 1; two hours of observations are taken and processed. The resulted 
                 coordinates and their standard deviations were as follows:
	Date
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	28-7-1999
	4651433.350
	2975435.166
	3181862.964
	1.597
	1.242
	1.265

	7-9-1999
	4651434.487
	2975431.171
	3181863.713
	1.618
	1.236
	1.297


the standard deviations are almost the same and the coordinates have relatively small changes. The biggest change was in Y coordinate, the directions of the observed satellites is not strengthening the Y direction.   

 case 2; three and half hours of observations are taken and processed. The 

                 resulted coordinates and their standard deviations were as follows:
	Date
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	23-1-2000
	4642299.847
	2944132.582
	3223752.430
	1.345
	0.895
	0.971

	5-2-2000
	4642293.055
	2944133.095
	3223743.603
	1.308
	0.875
	0.919


again the changes in standard deviations are small. A positional change of  about 11 meters is found which considered significant. This will refer to the change of the ski in both cases. The ski means the number of satellites and DOP value.

3-5 Repeatability with and without SA

 The effect of SA on the single point positioning is studied in two cases.

 case 1; two hours of observations are taken and processed. The resulted 

                 coordinates and their standard deviations were as follows:
	date
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	With SA

16-4-2000
	4747297.708
	2716103.307
	3270322.471
	2.257
	1.622
	1.713

	Without SA

15-5-2000
	4747292.837
	2716107.813
	3270299.418
	0.675
	0.424
	0.470


the standard deviations are much improved after stopping SA. A positional change of            23.9 meters if found which is significant.

 case 2; three hours of observations are processed. The resulted coordinates and 

                  their standard deviations were as follows:
	Date
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	With SA

8-9-1999
	4664155.679
	2962598.701
	3175346.462
	1.959
	1.077
	1.047

	Without SA

9-5-2000
	4664163.769
	2962598.372
	3175347.588
	0.332
	0.233
	0.247


the same, the standard deviations are much improved. The positional vector changed with 8.2 meters. 

3-6 Treating the atmosphere

 The atmosphere with its two components, troposphere and ionosphere, is treated in  different ways. Two cases are studied.

 case 1; three hours and forty minutes of observations are processed with different 
               techniques of treating the atmosphere. The resulted coordinates and their    

               standard deviations were as follows:
	              model

tropo                     iono
	X  m
	Y m
	Z  m
	(X 

m
	(Y 

m
	(Z m

	Hopfield                no model
	4654051.464
	3183884.882
	2970645.650
	0.246
	0.201
	0.164

	Hopfield                standard
	4654033.005
	3183872.187
	2970633.932
	0.250
	0.204
	0.167

	Simplified             no model

Hopfild
	4654051.464
	3183884.882
	2970645.650
	0.246
	0.201
	0.164

	Simplified             standard

Hopfield
	4654033.005
	3183872.187
	2970633.932
	0.250
	0.204
	0.167

	Saastamoinen       no model
	4654051.461
	3183884.880
	2970645.649
	0.246
	0.201
	0.164

	Saastamoinen       standard
	4654033.003
	3183872.186
	2970633.931
	0.250
	0.204
	0.167

	Essen&froome     no model
	4654051.461
	3183884.880
	2970645.649
	0.246
	0.201
	0.164

	Essen&froome     standard
	4654033.003
	3183872.186
	2970633.931
	0.250
	0.204
	0.167

	No tropo               no model
	4654057.268
	3183888.774
	2970649.307
	0.251
	0.205
	0.167

	No tropo               standard
	4654038.809
	3183876.080
	2970637.590
	0.248
	0.203
	0.166


in all solutions, standard deviations are the same. Standard deviations here is a measure of the precision not the accuracy. Concerning the coordinates, all the models of the troposphere are the same except “no troposphere” which is significantly different. Standard ionosphere is better than “no model”. The worst case is using “no tropo” and “no model”

 case 2; one hour of observations are taken and processed with different                                    
                         techniques of treating the atmosphere. The resulted coordinates and their 

                         standard deviations were as follows:
	             model

tropo                     iono
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	hopfield                no model
	4624312.785
	2928472.825
	3263284.624
	0.800
	0.793
	0.584

	hopfield                standard
	4624297.497
	2928463.798
	3263273.512
	0.750
	0.743
	0.547

	simplified             no model

hopfild
	4624312.782
	2928472.824
	3263284.621
	0.800
	0.793
	0.584

	simplified             standard

hopfield
	4624297.494
	2928463.797
	3263273.509
	0.750
	0.743
	0.547

	saastamoinen       no model
	4624312.787
	2928472.828
	3263284.624
	0.800
	0.793
	0.584

	saastamoinen       standard
	4624297.499
	2928463.800
	3263273.512
	0.750
	0.743
	0.547

	Essen&froome     no model
	4624312.787
	2928472.828
	3263284.624
	0.800
	0.793
	0.584

	Essen&froome     standard
	4624297.499
	2928463.800
	3263273.512
	0.750
	0.743
	0.547

	no tropo               no model
	4624317.647
	2928475.534
	3263288.266
	0.830
	0.823
	0.606

	no tropo               standard
	4624302.359
	2928466.507
	3263277.155
	0.778
	0.771
	0.568


the same results like in case 1. The data about the troposphere and ionosphere during the observation are not collected, so all models did not use real data and treated the atmosphere using the same theoretical assumptions. 

3-7 Observation rate (epoch)

      Observations at three different places are taken to illustrate the effect of changing the 

      observation rate on the results of single point positioning.

 case 1; four hours observations are taken and processed with changing the

                 epoch. The resulted coordinates and their standard deviations were as 

                 follows:
	epoch
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	15 sec
	4747317.920
	2716075.701
	3270297.791
	3.336
	2.574
	2.674

	20 sec
	4747317.639
	2716075.439
	3270297.591
	6.684
	5.160
	5.359

	30 sec
	4747317.673
	2716075.641
	3270297.714
	4.714
	3.637
	3.779

	60 sec
	4747317.639
	2716075.439
	3270297.591
	6.684
	5.160
	5.359


 case 2; other four hours of observations are taken and processed. The  resulted 

                 coordinates and their standard deviations were as follows:
	epoch
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	15 sec
	4642292.889
	2944134.160
	3223741.895
	1.166
	0.831
	0.845

	20 sec
	4642292.949
	2944134.129
	3223742.019
	2.330
	1.659
	1.686

	30 sec
	4642292.919
	2944134.216
	3223741.968
	1.649
	1.176
	1.194

	60 sec
	4642292.949
	2944134.129
	3223742.019
	2.330
	1.659
	1.686


 case 3; three hours forty minutes of observations are taken and processed at a third 
                  place. The resulted coordinates and their standard deviations were as follows:
	epoch
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	15 sec
	4654052.431
	3183883.070
	2970642.672
	0.356
	0.263
	0.227

	20 sec
	4654052.410
	3183883.058
	2970642.649
	0.712
	0.527
	0.453

	30 sec
	4654052.434
	3183883.072
	2970642.671
	0.503
	0.372
	0.321

	60 sec
	4654052.410
	3183883.058
	2970642.453
	0.712
	0.527
	0.453


the three cases have identical results. The standard deviations are increasing with increasing the epoch value. The standard deviations and the coordinates of 20sec and 60sec are identical. In general, concerning the coordinates, the values are too close to each others.  

3-8 The used data

Single point positioning depends on code observations. Code could be carried on L1       and on L2. So the case now is studying if there is difference between using either of       them in the solution. Three cases are taken into account.

 case 1; one hour of code observations are taken and processed. The resulted 

                  coordinates and their standard deviations were as follows:
	data
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	code (L2)
	4624312.785
	2928472.825
	3263284.624
	0.800
	0.793
	0.584

	code (L1)
	4624304.632
	2928469.201
	3263275.547
	 0.655
	 0.649
	 0.478


using the code (L1) gave better results, smaller standard deviations. The positional vector changed with 12.7 meters which is considered significant.  

 case 2; six hours of  code observations are taken and processed. The resulted 

                 coordinates and their standard deviations were as follows:
	data
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	code (L2)
	4661123.772
	2931285.372
	3208446.885
	0.232
	0.154
	0.168

	code (L1)
	4661117.425
	2931281.032
	3208440.534
	0.218
	0.145
	0.159


the standard deviation of using code (L1 ) is smaller but not much. The positional vector changed with 9.9 meters which still significant.

 case 3; three hours and ten minutes of  code observations are taken and 

                 processed. The resulted coordinates and their standard deviations were as 

                 follows:
	data
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	code (L2)
	4651430.657
	2975429.917
	3181859.340
	1.212
	1.024
	0.926

	code (L1)
	4651426.143
	2975427.207
	3181856.128
	1.215
	1.027
	0.929


the standard deviations in both cases are almost equal. The positional vector changed with 6.15 meters. L1 is more stronger than L2, so using the code carried on L1 is better than using the code carried on L2. 

3-9 The DOP

The effect of using different values of DOP on the single point positioning is studied        at three stations.

 case 1; six hours and thirty minutes of observations with different values of 

                GDOP are taken. The resulted coordinates and their standard deviations 

                were as follows:
	GDOP
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	2 : 3
	4686765.774
	2966403.798
	3138410.830
	0.277
	0.197
	0.208

	2 : 6
	4686759.844
	2966400.366
	3138408.287
	0.307
	0.221
	0.224


standard deviations increase with the increase of the DOP. The change in the positional vector is 7.3 meters.

 case 2; three hours of observations with different values of GDOP are taken. 

                 The resulted coordinates and their standard deviations were as follows:
	GDOP
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	2 : 3
	4661123.505
	2931286.160
	3208448.519
	0.175
	0.152
	0.164

	3 : 10
	4661129.646
	2931295.435
	3208456.626
	0.229
	0.166
	0.179


standard deviations increase with the increase of the DOP. The change in the positional vector is 13.75 meters which is significant.

 case 3; four hours of observations with different values of GDOP are taken. The 

                 resulted coordinates and their standard deviations were as follows:
	GDOP
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	2 : 3
	4747317.639
	2716075.439
	3270297.591
	6.684
	5.159
	5.359

	3 : 10
	4747335.386
	2716071.759
	3270284.537
	9.208
	7.596
	7.596


standard deviations increase with the increase of the DOP. The change in the positional vector is 22.27 meters which is a big difference. In all three cases, the values of the DOP affecting significantly the solution.

3-10 Number of satellites

The effect of the number of satellites during the observations on the single point         positioning results is studied. Observations at three stations are taken and processed.         To change the number of satellites, they are excluded randomly. 

 case 1; one hour and ten minutes of observations are taken and processed with 
              different number of used satellites. The resulted coordinates and their 

              standard deviations were as follows:
	No. of sat.
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	all  7
	4666823.204
	2955474.088
	3178167.833
	0.300
	0.250
	0.325

	5 sat
	4666824.634
	2955472.071
	3178174.382
	0.314
	0.167
	0.275

	4 sat
	4666824.627
	2955471.613
	3178172.182
	0.349
	0.177
	0.377


using 4 satellites instead of all 7 available satellites is affecting the positional vector with 5.12 meters.

 case 2; three hours of observations are taken and processed with different number 
              of used satellites. The resulted coordinates and their standard deviations

              were as follows:
	No. of sat.
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	all  9
	4661122.667
	2931285.573
	3208445.467
	0.373
	0.232
	0.250

	7 sat
	4661124.000
	2931287.851
	3208443.635
	0.401
	0.262
	0.287

	5 sat
	4661128.067
	2931285.334
	3208442.535
	0.439
	0.247
	0.203


using 5 satellites instead of all 9 available satellites is affecting the positional vector with 6.13 meters.

 case 3; three hours of observations are taken and processed with different number 
              of used satellites. The resulted coordinates and their standard deviations 

              were as follows:
	No. of sat.
	X  m
	Y  m
	Z  m
	(X  m
	(Y  m
	(Z  m

	all  8
	4686768.523
	2966393.471
	3138395.501
	0.448
	0.301
	0.456

	6 sat
	4686773.861
	2966397.228
	3138409.223
	0.396
	0.285
	0.337

	4 sat
	4686771.586
	2966399.805
	3138408.113
	0.369
	0.260
	0.274


using 4 satellites instead of all 8 available satellites is affecting the positional vector with 14.45 meters. Reducing the used number of satellites could strongly affect the DOP, case 3, and sometimes relatively could not.

3-11 Base line solution

Coordinate differences between two stations are obtained from Single Point Positioning (SPP) at both stations. The results are compared with the corresponding relative solution. Three cases are studied.

 case 1; two hours of observations are taken and processed. The observations are 
              taken at 7-9-1999. The resulted coordinates and their standard deviations 

              were as follows:
	Solution
	(X  m
	(Y  m
	(Z  m
	((X  
	((Y 
	((Z 

	SPP base line
	-14437.732
	20252.940
	2075.806
	2.278m
	1.699m
	1.781m

	rel. base line
	-14436.838
	20251.116
	2074.297
	3 mm
	3 mm
	2 mm


a positional difference of 2.5 meters is found in a base line of 24956.616 meters length, relative error of about 1:10,000

 case 2; two hours of observations are taken and processed. The observations are 
                       taken at 17-5-2000. The resulted coordinates and their standard deviations 

                       were as follows:
	Solution
	(X  m
	(Y  m
	(Z  m
	((X  
	((Y 
	((Z 

	SPP base line
	-5991.091
	9933.567
	-595.491
	0.356
	0.295
	0.387

	rel. base line
	-5992.722
	9932.848
	-598.733
	0.8mm
	0.6mm
	0.7mm


a positional difference of 3.6 meters is found in a base line of 11616.043 meters length, relative error of about 1:3250

 case 3; two hours and thirty minutes of observations are taken and processed. The  
              observations are taken at 16-6-2000. The resulted coordinates and their 

               standard deviations were as follows:
	solution
	(X  m
	(Y  m
	(Z  m
	((X  
	((Y 
	((Z 

	SPP base line
	-10822.407
	-11386.086
	25699.234
	0.465m
	0.423m
	0.336m

	rel. base line
	-10824.365
	-11383.754
	25695.104
	6mm
	5mm
	3mm


a positional difference of 5.1 meters is found in a base line of 30116.359 meters length, relative error of about 1:6000. Based on the results of the three cases, low cost receivers could be used in some applications require these level of precision. 

4- Relative Positioning

The relative positioning depends mainly on the carriers L1 or/and L2. Many factors are affecting the precision of the relative positioning. The following factors are studied;

4-1 Duration
The time span of collecting the observations, the session duration, is an important factor  affecting the relative solution. More time means more redundant observations which give more reliability to the solution. The ambiguity unknowns could be one of the three cases; not solved, float solution, or fixed solution. More observation makes better chance for solving the ambiguity unknowns.  
4-2 The observation time
It means the period in the day, the observations have been taken, morning, noon, afternoon or night. The effect of the observation time on the GPS observations is        discussed in (2-2). Herein, the effect of the observation time on the relative base line        solution is considered.

4-3 The musk angle

The effect of the used musk angle during the observation is discussed in (2-3). This effect on the base line solution is studied here. 

4-4 Treating the Atmosphere
The same models of treating the troposphere and the ionosphere, in section (2-5), are       considered here. The effect of using these models on the base line result is studied. 
4-5 The observation rate
Processing the base line observations with different epochs is done. The observation        rate is affecting the storage devise, so balance should be verified between the       observation rate, data storage, and the obtained precision of the base line.

4-6 The data used

The used data in Single Point Positioning are the C/A code. The main observations in        the relative base line solution are the L1 and L2 carriers. The base line could be        obtained from L1 or from L2 or from L1 and L2 together. The base line could also be        obtained from code observations. All these possible solutions are obtained and        compared against each other. 

4-7 The reference station 

The base line solution in the relative mode depends on the quality of the known        coordinates of at least one base station. The coordinates of a base station could be        obtained as a Single Point Positioning or it could be tied to a reference frame network        i.e. IGS stations. Broad or precise ephemeries could be used in crating the base        station. Therefore, a base station could be obtained with different values and accuracy        depending on the followed procedures. To obtain base lines with the surveying        accuracy, a base station with (10 meters should be used. The effect of the error in the        base station coordinates on the obtained base lines are studied.
4-8 The adjustment

The GPS work can be done with redundant observed base lines. So the observed base        lines are forming a GPS network. Accordingly, some stations will have more than one        solution. In this case, the network needs an adjustment to have one solution for each        station. A GPS network will be adjusted and the corrections of the base lines will be        computed. The corrections are the adjustment effect on the network.

4-9 Broadcast versus precise ephemeries
The GPS data could be processed using either broadcast or precise ephemeries.       Broadcast ephemeries are collected during the observations, so the results could be       obtained just after the field work or in the same time of observations (Real Time).       Precise ephemeries are not available before days after taking the observations. Precise       ephemeries describe the position of the satellite in the space more precise than the       broadcast ephemeries.

4-10 Kinematic versus Static technique

For many surveying applications, GPS is used in kinematic mode. The kinematic         mode means obtaining the base line solution between a static base receiver and a         second moving receiver. The kinematic results are comparable with the results of the         static mode within nearly 10 kilometers between the two receivers. So, the results of         kinematic mode are studied versus the results of the static mode.
4-11 KOF stability

During the kinematic field work, the ski could be blocked to the moving receiver         temporarily like in crossing a tunnel, narrow streets, under trees, …etc. So, enough         data for solving the ambiguities must be collected while the moving receiver is fixed         (re-initialization). This disturbs the field work.  Ambiguity Resolution On the Fly is a         technique for solving the ambiguities on the fly, shortly KOF, without re-         initialization. KOF is in popular use in the surveying community. In most of today         applications KOF is used. So its stability as a GPS solution is concerned. 
4-12 The used instrument and software
The GPS is composed of three segments. The space segment is common in any GPS         work. The control segment is also common for any GPS work. The user in the user         segment implies a GPS receiver/receivers. The receivers are different kinds according         to the companies made them. Different processing softwares are used. So the stability         of  receivers and processing softwares from two different companies are studied.  

5- Results and analysis of relative positioning
5-1 Duration
Three cases are studied with different duration of observations

 case 1; three hours of observations are taken and processed different times with different duration. The observations are taken at 23-1-2000
	Duration
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	3 hours
	-11324.199
	-15343.818
	29857.971
	2.9
	0.9
	0.7

	2 hours
	-11324.164
	-15343.827
	29857.980
	4
	1.5
	1.2

	1 hour
	-11324.145
	-15343.842
	29857.985
	9.8
	5.2
	3.9

	30 min.
	-11324.184
	-15343.855
	29857.952
	19
	14
	8

	15 min.
	-11324.198
	-15343.940
	29857.840
	48
	40
	20

	5 min.
	-11324.215
	-15344.156
	29857.823
	82
	70
	52

	1 min.
	-11324.207
	-15344.522
	29857.700
	118
	105
	75


reducing the session time, reducing the redundant observations, is increasing the standard deviation. The base line is changed with 3.7 cm at reducing the time from 3 to 2 hours. The base line is changed with 6.1 cm at reducing the time from 3 to 1 hour and changed with 17.7 cm at reducing the time from 3 hours to 15 minutes. A change of 75 cm happened when the time is reduced to 1 minute. 

 case 2; two hours thirty minutes of observations are taken and processed different 
                  times with different duration. The observations are taken at 8-5-2000
	Duration
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	2.5 hours
	22605.698
	3804.153
	-36940.367
	2.5
	2.4
	1.0

	2 hours
	22605.704
	3804.139
	-36940.361
	3.9
	2.9
	1.4

	1 hour
	22605.733
	3804.156
	-36940.362
	9.3
	6.4
	3.1

	30 min.
	22605.682
	3804.116
	-36940.377
	18.0
	13.0
	7.0

	15 min.
	22605.736
	3804.170
	-36940.339
	42.0
	33.0
	16.0

	5 min.
	22606.588
	3804.214
	-36940.215
	106.0
	83.0
	57.0

	1 min.
	22606.785
	3803.248
	-36941.690
	87.0
	68.0
	78.0


reducing the session time, reducing the redundant observations, is increasing the standard deviation. The base line is changed with 1.5 cm at reducing the time from 2.5 to 2 hours. The base line is changed with 3.5 cm at reducing the time from 2.5 to 1 hour and changed with 5.35 cm at reducing the time from 2.5 hours to 15 minutes. A change of 1.934 meters happened when the time is reduced to 1 minute. 

 case 3; twenty minutes of observations are taken and processed different times 
                 with different duration. The observations are taken at 18-8-2000, after SA
	duration
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	20 min.
	179.467
	8175.327
	-7998.740
	1.8
	1.1
	1.0

	10 min.
	179.474
	8175.331
	-7998.734
	2.0
	1.4
	1.3

	5 min.
	179.490
	8175.338
	-7998.727
	2.7
	1.7
	1.6

	2 min.
	179.485
	8175.340
	-7998.727
	3.4
	2.1
	1.9

	1 min.
	179.400
	8174.856
	-7998.893
	107.0
	77.0
	69.0


reducing the session time, reducing the redundant observations, is increasing the standard deviation. The base line is changed with 1 cm at reducing the time from 20 to 10 minutes. The base line is changed with 2.57 cm at reducing the time from 20 to 2 minute and changed with 49.79 cm at reducing the time from 20 to 1 minute. 

5-2 The observation time
Three cases are studied. The observations are divided to be processed in different times   

 case 1; three hours of observations are divided into two sessions and processed
	Time
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	13 6 15 : 

14 36 15
	-11324.130
	-15343.824
	29857.987
	5.6
	2.4
	1.9

	15 9 12 :

16 39 12
	-11324.157
	-15343.820
	29857.987
	5.3
	3.2
	1.7


2.7  cm difference in 35428.360 meters base line which is very small difference. 

 case 2; two hours and thirty minutes of observations are divided into two sessions and 
                 processed

	time
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	9 43 15 : 

10 58 10
	22605.741
	3804.164
	-36940.356
	7.7
	5.0
	2.6

	10 58 10 :

11 54 10
	22605.692
	3804.166
	-36940.378
	4.1
	8.2
	2.6


5.46  cm difference in 43475 meters base line

 case 3; two hours and thirty minutes of observations are divided into two sessions and 
                 processed
	time
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	12 7 00 : 

13 22 10
	-10824.502
	-11383.759
	25695.061
	3.2
	3.9
	2.6

	13 22 10 :

14 37 10
	-10824.344
	-11383.768
	25695.102
	7.6
	6.5
	3.3


16 cm difference in 30116.41 meters. In the three cases, small relative errors happened when the time of observations changed.

5-3 The musk angle

Three observation sessions are considered. Every session is processed with different musk angles

 case 1; the session is processed with different musk angles
	epoch
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	15( 
	-10824.365
	-11383.754
	25695.104
	6.0
	5.0
	2.8

	20(
	-10824.368
	-11383.754
	25695.101
	6.0
	5.0
	3.0

	25(
	-10824.380
	-11383.749
	25695.101
	6.6
	5.1
	3.1

	30(
	-10824.435
	-11383.738
	25695.078
	7.0
	5.0
	3.3

	35(
	-10824.447
	-11383.721
	25695.074
	8.7
	5.3
	4.4

	40(
	-10824.431
	-11383.724
	25695.080
	11.0
	5.6
	6.5

	45(
	-10824.475
	-11383.720
	25695.071
	19.0
	6.4
	12.0

	50(
	-10824.873
	-11383.868
	25694.825
	57.0
	25.0
	44.0


from 15( to 30( musk angle, the base line changed 7.64 cm. From 15( to 40( musk angle, the base line changed 7.64 cm. From 15( to 50( musk angle, the base line changed 59.21 cm.  

 case 2; the session is processed with different musk angles and the results were as
	Epoch
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	15( 
	-227.282
	230.757
	138.418
	0.4
	0.2
	0.3

	20(
	-227.282
	230.757
	138.418
	0.4
	0.2
	0.3

	25(
	-227.283
	230.757
	138.418
	0.4
	0.3
	0.3

	30(
	-227.283
	230.757
	138.417
	0.5
	0.3
	0.3

	35(
	-227.283
	230.756
	138.417
	0.5
	0.4
	0.4

	40(
	-227.282
	230.759
	138.419
	0.7
	0.7
	0.7

	45(
	-227.848
	231.566
	138.462
	87.0
	127.0
	13.0

	50(
	-227.383
	230.993
	138.449
	106.0
	151.0
	26.0


from 15( to 30( musk angle, the base line did not change. From 15( to 40( musk angle, the base line did not change. From 15( to 50( musk angle, the base line changed 25.25 cm.  

 case 3; the session is processed with different musk angles

	Epoch
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	15( 
	179.467
	8175.327
	-7998.740
	1.8
	1.1
	1.0

	20(
	179.471
	175.331
	-7998.735
	1.6
	1.1
	1.0

	25(
	179.480
	8175.344
	-7998.721
	1.5
	1.3
	1.4

	30(
	179.480
	8175.344
	-7998.721
	1.5
	1.3
	1.4

	35(
	179.490
	8175.218
	-7998.747
	30.0
	202.0
	70.0

	40(
	179.490
	8175.218
	-7998.747
	30.0
	202.0
	70.0

	45(
	179.497
	8175.113
	-7998.764
	28.0
	194.0
	68.0

	50(
	179.516
	8175.443
	-7998.537
	28.0
	107.0
	50.0


from 15( to 30( musk angle, the base line changed 2.93 cm. From 15( to 40( musk angle, the base line changed 11.24 cm. From 15( to 50( musk angle, the base line changed 23.85 cm.  In the three cases, three different places and different times of observations, solution could be obtained at 50( musk angle. In the three cases also, the standard deviations of the solutions until 30( are almost the same. For many surveying applications, musk angle can be raised without big problem, using GPS in reasonable streets. It could also help concerning the memory module. 

5-4 The epoch

Three cases of GPS observations with different epochs are processed

 case 1; 
	Epoch
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	15 sec. 
	179.467
	8175.327
	-7998.740
	1.8
	1.1
	1.0

	20 sec.
	179.467
	8175.326
	-7998.741
	3.5
	2.3
	2.1

	30 sec.
	179.467
	8175.327
	-7998.740
	2.5
	1.6
	1.4

	60 sec.
	179.467
	8175.326
	-7998.741
	3.5
	2.3
	2.1


 case 2; 
	Epoch
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	15 sec. 
	-4310.940
	2096.023
	4200.978
	1.2
	0.8
	1.0

	20 sec.
	-4310.941
	2096.029
	4200.978
	2.5
	1.6
	1.9

	30 sec.
	-4310.941
	2096.023
	4200.978
	1.8
	1.2
	1.3

	60 sec.
	-4310.941
	2096.023
	4200.978
	2.5
	1.6
	1.9


 case 3;
	Epoch
	(X  m
	(Y  m
	(Z  m
	((X mm  
	((Y mm
	((Z mm 

	15 sec. 
	5874.545
	2555.346
	-10697.148
	2.9
	7.8
	2.1

	20 sec.
	5874.545
	2555.346
	-10697.149
	6.3
	17.0
	4.6

	30 sec.
	5874.545
	2555.346
	-10697.149
	6.3
	17.0
	4.6

	60 sec.
	5874.545
	2555.346
	-10697.149
	6.3
	17.0
	4.6


the coordinates are not affected by changing the epoch. 

5-5 Treating the atmosphere
The atmosphere with its two components is considered using different models. The        methods of treating the troposphere are hopfield, simplified hopfield, saastamoinen,        essen & froome and no atmosphere. The ionosphere is treated using no model,        standard, computed model, global/regional, klobuchar, and no model 

 case 1;

	             model

tropo                     iono
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Hopfield                 any
	22605.698
	3804.153
	-36940.367
	2.5
	2.4
	1.1


the same results are obtained using the hopfield for the troposphere and any model for the ionosphere. 

 case 2;
	                model

tropo                     iono
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	simplified hopfield       any
	22605.689
	3804.146
	-36940.372
	2.5
	2.4
	1.1


the same results are obtained using the simplified hopfield for the troposphere and any model for the ionosphere.

 case 3;
	             Model

Tropo                     iono
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Saastamoinen               any
	22605.698
	3804.152
	-36940.367
	2.5
	2.4
	1.1


the same results are obtained using the saastamoinen for the troposphere and any model for the ionosphere.

 case 4;
	              Model

Tropo                    iono
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Essen & froome          any
	22605.706
	3804.159
	-36940.362
	2.5
	2.4
	1.1


the same results are obtained using “essen & froome” for the troposphere and any model for the ionosphere.

 case 5;
	             Model

Tropo                    iono
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	no tropo                     any
	22605.719
	3804.113
	-36940.409
	3.7
	3.5
	1.6


the same results are obtained using “no tropo” for the troposphere and any model for the ionosphere. All solutions are relatively close to each others except using “no tropo”. Again no atmospheric data are used, so all models are near.  

5-6 The data used

The effect of the used data on the relative base line is studied. Observations at two different base lines are used. 

 case 1; 

	           Used data

Phase              code
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Automatic           automatic
	-10824.365
	-11383.754
	25695.104
	6.0
	5.1
	2.8

	L1                              -
	-10824.578
	-11383.720
	25695.005
	9.4
	11.0
	5.1

	L2                              -  
	-10824.787
	-11384.028
	25694.694
	16.0
	19.0
	11.0

	-                       automatic
	-10824.514
	-11383.821
	25695.112
	23.0
	17.0
	20.0

	-                       code (L1)
	-10824.514
	-11383.821
	25695.112
	23.0
	17.0
	20.0

	-                       code(L1+L2)
	-10824.514
	-11383.821
	25695.112
	23.0 
	17.0
	20.0


the best solution is obtained from using the phase and the code automatically. The base line is affected by 23.5 cm because of using L1 instead of using the phase automatically (using both L1 and L2). The base line changed by 48 cm when L2 is used instead of L1. Using the code in any way instead of the automatic phase affected the base line by 21.4 cm.

 case 2; 

	           used data

phase               code
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Automatic          automatic
	5874.545
	2555.346
	-10697.148
	2.9
	7.8
	2.1

	L1                              -
	5874.558
	2555.367
	-10697.155
	3.4
	8.9
	2.5

	L2                              -  
	5874.531
	2555.333
	-10697.141
	4.4
	12.0
	3.0

	-                       automatic
	5874.417
	2555.189
	-10697.426
	68.0
	35.0
	33.0

	-                       code (L1)
	5874.417
	2555.189
	-10697.426
	68.0
	35.0
	33.0

	-                       code(L1+L2)
	5874.417
	2555.189
	-10697.426
	68.0
	35.0
	33.0


the best solution is obtained from using the phase and the code automatically. The base line is affected by 2.5 cm because of using L1 instead of using the phase automatically (using both L1 and L2). The base line changed by 4.5 cm when L2 is used instead of L1. Using the code in any way instead of the automatic phase affected the base line by 43 cm.

5-7 The reference station

The effect of the change in the reference station coordinates on the base lines are studied.  Three cases are considered. In every case, the coordinates of the reference station are changed with 5, 10, 15, 20, 30, 40, and 50 meters respectively 

 case 1;
	change in reference station coordinates
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	no change
	-4014.825
	-2356.600
	7997.841
	0.6
	0.6
	0.4

	+5 m for every coord.
	-4014.829
	-2356.603
	7997.836
	0.6
	0.5
	0.4

	+10 m for every coord.
	-4014.834
	-2356.607
	7997.831
	0.5
	0.5
	0.4

	+15 m for every coord.
	-4014.838
	-2356.610
	7997.825
	0.5
	0.5
	0.4

	+20 m for every coord.
	-4014.843
	-2356.613
	7997.820
	0.5
	0.5
	0.4

	+30 m for every coord.
	-4014.852
	-2356.620
	7997.809
	0.6
	0.5
	0.4

	+40 m for every coord.
	-4014.860
	-2356.626
	7997.798
	0.6
	0.6
	0.4

	+50 m for every coord.
	-4014.869
	-2356.632
	7997.788
	0.6
	0.6
	0.5


a change of 5 meters in every coordinate, 8.66 meters change in the positional vector, produced 0.7 cm   change in the base line. A change of 10 meters in every coordinate produced 1.5 cm change in the base line. A change of 30 meters in every coordinate produced 5.2 cm change in the base line. A change of 50 meters in every coordinate produced 7.6 cm change in the base line.  

 case 2;
	change in reference station coordinates
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	no change
	14436.835
	-20251.124
	-2074.300
	3.2
	3.2
	1.7

	+5 m for every coord.
	14436.825
	-20251.117
	-2074.305
	3.1
	3.2
	1.7

	+10 m for every coord.
	14436.816
	-20251.109
	-2074.309
	3.1
	3.2
	1.7

	+15 m for every coord.
	14436.807
	-20251.101
	-2074.313
	3.1
	3.2
	1.7

	+20 m for every coord.
	14436.797
	-20251.093
	-2074.317
	3.1
	3.2
	1.6

	+30 m for every coord.
	14436.778
	-20251.078
	-2074.326
	3.1
	3.2
	1.6

	+40 m for every coord.
	14436.760
	-20251.062
	-2074.335
	3.1
	3.2
	1.6

	+50 m for every coord.
	14436.741
	-20251.046
	-2074.343
	3.2
	3.3
	1.7


a change of 5 meters in every coordinate, 8.66 meters change in the positional vector, produced 0.8 cm   change in the base line. A change of 10 meters in every coordinate produced 2.7 cm change in the base line. A change of 30 meters in every coordinate produced 7.7 cm change in the base line. A change of 50 meters in every coordinate produced 12.9 cm change in the base line.  

 case 3;
	change in reference station coordinates
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	no change
	179.467
	8175.327
	-7998.740
	1.8
	1.1
	1.0

	+5 m for every coord.
	179.467
	8175.325
	-7998.738
	1.8
	1.1
	1.0

	+10 m for every coord.
	179.466
	8175.322
	-7998.736
	1.8
	1.2
	1.1

	+20 m for every coord.
	179.466
	8175.317
	-7998.731
	1.9
	1.2
	1.1

	+30 m for every coord.
	179.465
	8175.311
	-7998.727
	1.9
	1.3
	1.1

	+40 m for every coord.
	179.464
	8175.306
	-7998.722
	2.0
	1.3
	1.2

	+50 m for every coord.
	179.463
	8175.301
	-7998.718
	2.1
	1.3
	1.2


a change of 5 meters in every coordinate, 8.66 meters change in the positional vector, produced 0.3 cm   change in the base line. A change of 10 meters in every coordinate produced 0.6 cm change in the base line. A change of 30 meters in every coordinate produced 1.3 cm change in the base line. A change of 50 meters in every coordinate produced 3.4 cm change in the base line.  

Small relative errors in the base lines are produced at changing every coordinate of the base station till 20 meters, this could work in the geodetic applications. In most of the surveying applications, the uncertainity in every coordinate at the base station can reach 50 meters.

5-8 The adjustment

a GPS network is observed and processed as base lines and adjusted to show the effect of  the adjustment on the final coordinates. The network covers 13 by 7 kilometers

	
	              X  m
	              Y  m
	               Z  m

	st. 1         before

               after
	4704029.578

4704029.579
	2877047.544

2877047.545
	3195040.398

3195040.399

	st. 2         before

               after
	4705179.191

4705179.186
	2882142.458

2882142.468
	3188708.779

3188708.778

	st. 3         before

               after
	4707438.659

4707438.657
	2880570.023

2880570.020
	3186834.138

3186834.144

	st. 4         before

               after
	4705633.050

4705633.047
	2876617.065

2876617.059
	3193012.973

3193012.970

	st. 5         before

               after
	4701920.213

4701920.214
	2878357.799

2878357.799
	3197020.730

3197020.731

	st. 6         before

               after
	4701633.509

4701633.517
	2881944.739

2881944.735
	3194190.591

3194190.591


the correction to any coordinate did not exceed 1 cm. This precision is suitable to most of the applications. It indicates that the GPS base line are precise.

5-9 Broadcast versus precise ephemeries

The following base lines are processed using broadcast ephemeries and another time       using precise ephemeries. The base line results with their standard deviations are as       follows:

	base line
	  (X  m 
	 (Y  m 
	 (Z  m 
	((X mm
	((Y mm
	((Z mm

	1      broadcast

        precise
	-8960.011 

-8960.010 
	-2793.687 

-2793.686 
	15525.448 

15525.448 
	   3

   2
	    1

    1
	   2

   2

	2      broadcast

        precise
	 43242.839 

 43242.839 
	 12462.903 

 12462.902 
	-75697.184 

-75697.182 
	   4

   2
	    2

    1 
	   3

   1

	3      broadcast

        precise
	 21043.898 

 21043.887 
	 -34309.532 

 -34309.537 
	 -810.308 

-810.310 
	   2

   2
	    2

    1 
	   2

   1

	4      broadcast

        precise
	 38374.118 

 38374.124 
	 -12503.765 

 -12503.766 
	 -45482.328 

-45482.329 
	   5

   5
	    4

    4
	   3

   3

	5      broadcast

        precise
	 30939.242 

 30939.224 
	 -43508.352 

 -43508.361 
	 -6561.726 

-6561.733 
	   3

   2
	    2

    1
	   2

   2

	6      broadcast

        precise
	 21979.232 

 21979.216 
	 -46302.039 

 -46302.046 
	8963.717
	  3

  3 
	   2

   2
	  2

  2

	7      broadcast

        precise
	 49200.483 

 49200.479 
	7232.657
	-79161.721 

-79161.721 
	  4

  3
	   2

   2
	  3

  2

	8      broadcast

        precise
	7804.902
	35178.290 

35178.294 
	-42350.347 

-42350.343 
	  3

  2
	   2

   1
	  2

  2 

	9      broadcast

        precise
	74182.105 

74182.072 
	-31045.453 

-31045.467 
	-82258.887 

-82258.906 
	  8

  7
	   5

   4
	  5

  5  


the differences one coordinate reached 3.3 cm. Concerning the geodetic applications, this effect is significant. Concerning the surveying and GIS applications, the effect is not significant.   

5-10 Kinematic versus static techniques
The same base lines are observed and processed in both static and kinematic modes. Two  cases are studied. 

 case 1; a base line with length 142.217 m is solved in both static and kinematic 
                 modes and the differences were as follows:

	     diff. in  X  mm
	  diff. in Y  mm
	 diff. in  Z  mm

	 3
	 1
	1


the base line almost did not change, this is expected because the base line is very short

 case 2; a base line with length 8106.980 m is solved in both static and kinematic 
                 modes and the differences were as follows:

	diff. in  X  mm
	diff. in Y  mm
	diff. in  Z  mm

	            7
	         5
	          16


1.8 cm change in a base line of  8.107 km length is sufficient for all the kinematic applications.

 case 3; a base line with length 6077.721 m is solved in both static and kinematic  
                 modes and the differences were as follows:

	    diff. in  X  mm
	  diff. in  Y  mm
	 diff. in  Z  mm

	              2
	              6         
	           12


1.3cm change in 6.078 km base line, again precise enough for all the kinematic applications. 

5-11 Stability of KOF

Kinematic On the Fly technique plays a main role in many applications of today. So          the stability of this technique is studied. Observations at different dates are taken for          the same base lines. Three cases are considered. 

 case 1; The same base line is observed two times in the kinematic mode. The base 
                  line length was 4833.398 m and the differences were as follows:

	diff. in  X  mm
	diff. in Y  mm
	Diff. in  Z  mm

	           19
	           8   
	           23


3 cm change in the base line of 4.8 km length is obtained.

 case 2; a second base line is observed three times in the kinematic mode. The base 
                 line length was 5881.968 m. The ranges of the differences were as follows:

	range of  diff. in X mm
	range of diff. in Y mm
	range of diff. in Z  mm

	                 4
	                   14 
	                       7


1.6 cm change in the base line of 5.9 km length. 

 case 3; a third base line is observed four times in the kinematic mode. The base 
                  line length was 3761.434 m. the ranges of the differences were as follows:

	 range of diff. in X mm
	range of diff. in Y mm
	range of diff. in Z mm

	                         7
	                    15
	                    13


2.1 cm change in the base line of 3.8 km length. In all three cases, the differences do not affect any kinematic applications.

5-12 The used instrument and software

Three stations of the first order Egyptian network are occupied once using Trimble          4000 SSI receivers and another time using Ashtech Z12 receivers. GPSurvey          software is used to process Trimble observations and Prism software is used to          process Ashtech observations. The obtained base lines were as follows:

 base line D8-A6
	instruments & software
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Ashtech Z12 & Prism
	-145365.419
	323595.415
	-69075.890
	22
	29
	11

	Trimble 4000 SSI & GPSurvey
	-145365.398
	323595.579
	-69075.901
	3
	2
	2


16.5 cm difference between the two companies along base line of length 361.409 km which makes 1:2,190,360 relative error.

 base line D8-E7
	instruments & software
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Ashtech Z12 & Prism
	-30382.869
	167144.152
	-96370.338
	18
	24
	9

	Trimble 4000 SSI & GPSurvey
	-30382.806
	167144.218
	-96370.243
	3
	2
	2


13.17 cm difference between the two companies along base line of length 195.314 km which makes 1:1,502,414 relative error.

 base line E7-A6
	instruments & software
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Ashtech Z12 & Prism
	-114982.690
	156451.118
	27294.350
	12
	16
	6

	Trimble 4000 SSI & GPSurvey
	-114982.698
	156451.108
	27294.333
	2
	2
	1


2.13 cm difference between the two companies along base line of length 196.068 km which is very small difference. In all three cases, the differences are relatively small and insignificant in most of the applications.

for one base line, the observations of Ashtech Z12 are changed to RINEX format and processed using GPSurvey and the observations of Trimble 4000 SSI are changed to RINEX format and processed using Prism and the results were as follows:

	instruments & software
	(X  m
	(Y  m
	(Z  m
	(X  mm
	(Y  mm
	(Z  mm

	Ashtech Z12 & GPSurvey
	-114982.706
	156451.143
	27294.363
	3
	2
	2

	Trimble 4000 SSI & Prism
	-114982.708
	156451.072
	27294.336
	25
	12
	9


the software is responsible for the standard deviation size and the instrument is  responsible for the coordinates themselves. The differences in the coordinates are very small relative to the base line length 

6- Conclusions
6-1 Conclusions concerning the single point positioning
Looking at the results and the analysis in the previous section, the following can be concluded:

- A significant change in the coordinates (more than 10 meters) obtained at reducing the 

   session time under 6 hours.  

- Time of observations is important factor affects the obtained results. The time of 

  observations should be carefully chosen.

- In most of the cases, results are significantly affected when the musk angle is increased

   after 15(. The effect is reduced after stopping the SA.

- Observing the same point in different days gives significant different results. Different 

   days means different number of satellites, different DOP, different atmosphere, 

   different code strength.

- Stopping SA improved significantly the resulting coordinates and their standard 

   deviations. Six hours needed to create a base station is much reduced after stopping the 

   SA.

- Concerning the troposphere and when there are no atmospheric data, all models of the 

   troposphere are the same and better than “nomodel”. Standard ionosphere is better than 

   “no model”. The worst case is “no tropo” with “no iono”.  

- Changing the epoch value affects the results with small neglected values. This could 

     help in using the data storage devise.

- Using the code on L1 gave better results than using the code on L2. Differences are 

   significant.

- DOP values during the observations are significantly affect the results. Therefore, 

   observations should be taken with good DOP.  

- Increasing the number of used satellites is improving significantly the obtained results. 

   More satellites could probably strengthens the DOP and increases the redundancy. 

- Base lines from single point positioning are significantly different from their 

   corresponding values from the relative solution. SSP base lines could be suitable for 

   GIS and some surveying applications.

6-2 Conclusions concerning the relative positioning
Looking at the results and the analysis in the previous section, the following can be concluded:

- The session length affects the geodetic work but does not affect the surveying work 

   except when it is reduced to minutes. The session length could significantly be reduced 

   after stopping the SA. 

- Small relative differences are obtained when the observation time is changed.

- Until 30( musk angle is suitable in most geodetic and surveying works. Until 40( is 

   suitable to the surveying applications. More than 40( is affecting the results and could    

   be suitable to GIS where most of its work in the streets.

- Changing the epoch did not affect the coordinates. Standard deviations are affected, 

   small epoch produces more observations which means more redundancy. 

- When there are no atmospheric data, all models treat the atmosphere equally. “no tropo” 

   and “no iono” are not recommended, their results are the worst.

- Using the phase and the code data automatically gives the best results. There is a 

   significant difference in the case of using L2 instead of L1 and both are better than the 

   code. Using the code can be sufficient in many surveying applications.

- A positional change until 90 meter in the base station does not affect significantly the 

   base line results in all the surveying and many geodetic applications. Reasonable 

   approximate coordinates of the base station could be used.

- With respect to the short base lines, the adjustment process does not improve the results. 

   The base lines are precise enough.

- Considering base lines until 115 km length, precise ephemeries improved the results 

   geodetically but the effect is not significant in the surveying and GIS applications.

- Kinematic GPS positioning gives almost the same results of the static GPS positioning in the range of 10 km base lines.

- Kinematic On the Fly (KOF) is stable and precise enough for all the surveying 

   applications. 

- Concerning the long base lines, different instruments from different companies do not 

   change the resulted coordinates significantly.

- Observations of a company instruments when processed by another company software 

   affected the base line results within centimeters (200 km base line). 
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