
 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2 (6): 908-913  (ISSN: 2141-7016)  

914 

 

 
Monitoring for Horizontal Movement in an Earth Dam Using 

Differential GPS 
 

1Jacob. O. Ehiorobo and 2Raphael Irughe-Ehigiator 
 

1Faculty of Engineering  
Department of Civil Engineering, University of Benin, Benin City. 

2Siberian State Academy of Geodesy,Novosibirsk, Russia 
Corresponding Author: Jacob. O. Ehiorobo 
___________________________________________________________________________ 
Abstract 
In the past, Geodetic survey techniques were traditionally used to determine horizontal movement in Dams and 
other structures. Geodetic methods are however difficult to arrange and labour intensive. Additionally, the 
displacements obtained may be relative, with respect to some known points whose coordinates are referenced to 
a relative datum. Global positioning system is less labour intensive and offers the advantage of giving three 
dimensional absolute displacement of the deformable body. In this paper, the use of differential GPS for 
monitoring for horizontal movements in an earth dam is discussed. Measurement carried out at the Ikpoba Dam 
using one reference receiver and three rovers present case study scenario. Four units of Leica 500 GPS 
receivers were deployed for the survey. Twenty GPS stations consisting of eleven control points and nine 
reference points along the Dam crest were observed with data collected for at least 1 hour in each case. On 
completion of the data collection the data were post processed using the LEICA SKI PRO- 2 software for 
processing and adjustment in each of the measurement epoch for 2008, 2009 and 2010 field seasons. Point’s 
displacements were computed between the three measurement epoch. Post adjustment analysis was then carried 
out to determine if the difference in coordinates was as a result of point displacement or errors of measurement. 
The results obtained revealed that all the points in the network have moved. Maximum movement of 136 mm 
occurred in the control point DEFM6SI while the least movement occurred in DEFM6SI. Further analysis of the 
results reveals that the overall movement of the embankment occurred in a S-W direction as a result of 
hydrostatic pressure from the reservoir 
__________________________________________________________________________________________ 
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__________________________________________________________________________________________ 
INTRODUCTION 
During the past few years, Global Positioning System 
GPS has become a major tool for Geodetic 
positioning, automatic vehicle location, construction 
control, monitoring the dynamic behavior of 
structures under loading and in various other tasks. 
 
The accuracy in GPS measurement however depend 
on the navigation algorithm such as point positioning 
algorithm, Differential GPS algorithm and 
Kinematics algorithm (Yamning, 2005). In code 
measurement, the quoted accuracy for differential 
positioning is 5-10cm whereas in carrier phase 
measurement accuracy of 20mm may be achieved. In 
earth dam deformation monitoring where the rate of 
movement is small, the accuracy required to detect 
movement should be less than 5mm, Ehiorobo, 
(2009), Rutledge et al (2006). Such accuracy may be 
achieved by employing a fixed integer technique. 
Additionally, the computation of coordinates can take 
the form of post processing in which the observation 
from all the receivers are brought together and 
processed on completion of the field surveys.This 
paper analyses and present the results of 
measurements carried out in 2008, 2009 and 2010. In 

differential GPS one of the recievers is known as the 
monitoring or reference reciever, and its precise 
position is known. The other recievers known as 
rovers or users are in unknown positions. These 
recievers also receive signals from the same satellites 
at the same time as the reference receiver 
(Consentino and Diggle 1996, Ehiorobo 2000) 
 
The reference recievers make code-based GPS 
pseudo range measurement, but because the 
monitoring stations know its precise position, it can 
determine the biases in the measurements. These 
biases contain errors which are incurred in the psudo 
range measurement process. Such errors include for 
instance ionospheric, and tropospheric delay, receiver 
noise etc and the recent clock offset from system time 

mt . To provide greater accuracy, carrier phase 
measurement in combination with code measurement 
have been developed for Differential GPS 
positioning. The high accuracy attainable in this 
combination can be used to monotor deformation in 
Dams as a result of hydrostatic and thermal stress 
changes. Both code and phase observables are travel 
time and thus range related. The signal carrier phase 
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modulations leave the satellite at a time svt  and 

arrive at the receiver at a time rect , the measurement 

time. The distance from the satellite at svt  to the 

receiver at mt  is denoted by  . 
 
Differential GPS Carrier Phase Errors 
In order to achieve mullimeter precision desired in 
Dam deformation monitoring using differential GPS 
it is necessary to analyze the GPS carrier phase 
measurements and eliminate or significantly reduce 
the biases or errors influencing the measurement 
accuracy (Leandro and Santos 2007). The level of 
reduction of these errors depend on the distances 
between the receivers (the baseline). For short base 
lines (few hundred meters) the effect of some of the 
errors such as ionospheric, tropospheric, and satellite 
orbit which are correlated over distances (space) are 
reduced. Depending on the application and the 
desired accuracy level, the effects of most of the 
errors when using differential GPS may be 
considered negligible Lachapelle et al,( 1992); 
Ehiorobo, (2008). Uncorrelated errors are those 
which do not depend on the baseline distance and 
examples of these are receiver noise and multipath. 
To examine the effect of the various sources of errors 
on GPS measurement, we can rewrite the following 
system of Single Difference equation for pseudo 
range obseervable as: 

(1)ion trop mpt pP d C dT d d           
 
And for carrier phase observation as: 

(2)ion trop mpt pd C dT N d d               
 
In the above equation 
   is the differencing operator 
   is geometric range between satellite and 
receiver 
d   is the satellite orbit errors in meters 
C   is speed of light (299792458.0m/s) 
dT   is the receiver clock error term with respect to 
the GPS time in sec. 

iond   is the ionospheric delay errors in meters 

tropd   is the tropospheric delay errors in meters 

mp   is code range multipath errors in meters 

po   is the receiver code noise in meters 

   is carrier phase measurement 
   is the carrier wavelength in meters 
N   is the integer ambiguity in cycles 
Double difference equation can be formed for both 
pseudo range and carrier phase observables as follow, 
Ehiorobo, (2008) 

(3)

(4)
ion trop mp p

ion trop m

P d d d

d N d d  

   

     

      

        
 

From equation (1), (2), (3) and (4) the error term 
receiver clock dT is eliminated while the remaning 
error sources are reduced for short base lines such as 
those used for deformation network. Only the 

receiver noise increases by a factor of 2  with each 
differencing operation (Consentino and Diggle, 
1996). In practice there are various empirical formula 
for modelling most of the remaining sources of 
errors. Example include saastometonean, Hopfield or 
the Modified Hopfield for Tropospheric delay etc. 
 
Field Measurement in Differential GPS 
Observations for Earth Dam Deformation 
Monitoring 
A typical GPS deformation monitoring network is 
presented below. 
The network consists of eleven control points both 
around the upstream and downstream face of the 
Dam and Nine reference points established on the 
Dam crest Fig 1. 

- REFERENCE POINTS ON 
   DAM CREST FOR 
   MOVEMENT MONITORING

- CONTROL POINTS

Fig. 5.5: LAYOUT OF CONTROL AND REFERENCE POINTS WITHIN THE DAM AREA
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Fig 1: layout of control and reference points within 
dam area 
 
DGPS MISSION PLANNING 
The determination of satellite position and the 
resulting satellite availability for any known location 
and point in time requires the use of GPS prediction 
software. The input parameters for GPS mission 
planning include: 

(a) Location: Latitude, Longitude and altitude of 
the location for which prediction is performed. 

(b) Date of prediction for each of the measurement 
epoch in the case of repeated observation for 
deformation monitoring. 

(c) Mask Angle: This is the angle above the 
horizon for which satellites are considered 
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visible by the GPS receiver. For our studies an 
angle of 150 was adopted. 

(d) Maximum Dilution of precision: In order to 
determine availability, a maximum dilution of 
precision DOP threshold is set. If the DOP 
exceeds that value, the software will declare 
GPS to be unusable. In this research a DOP of 
5 was set. 

Once the above parameters are entered into the SKI-
PRO software in the case of LEICA GPS receiver, 
prediction is automatically performed. A very 
important feature of mission planning software 
involves its ability to determine the number of 
satellites that will be visible at a location over the 
course of a day. 
 
Data Collection in DGPS Measurement Epoch 
The data collection procedures required the use of 
Dual frequency GPS receivers to coordinate both 
control points and the monitoring points on the Dam 
crest by Static Differential GPS technique. A 
cadastral control point CFG113B was used as 
reference station while all the other stations were 
observed as rovers. Four units of LEICA 500 GPS 
receivers and their corresponding accessories 
including a 12 volt car battery were deployed. The 
LEICA 500 system is a dual frequency receiver with 
Geodetic Antenna for L1 and L2 signals ( at 1575.42 
and 1227.60 Mhz) and an interactive hand held 
receiver. The system is cable of correcting the Y-
codes in L1 and L2 to obtain a time difference. By 
adding the difference in the time delays to the L1 
coarse acquisitions  /C A  code measurements, a 
pseudo range measurement with the same 
information as the actual precise P-code is obtained 
thereby correcting the Anti-spoofing (AS) effect. 
The system also has internal programme for dealing 
with the intentional manipulation of satellite clock 
frequency and orbit in the Ephemeris data. In the 
current case study, twenty GPS stations were 
observed in each of the four campaigns and the 
duration for observation for the eleven control points 
and Nine reference points was 1 hr in each station. In 
the course of data collection, the reference station 
was first activated in each case and GPS antenna was 
oriented to the North. After routine battery checks 
and project and job title entries, the acquisition 
parameter for the Leica 500 sst were set as follows: 
Minimum Elevation Mask angle : 150 
Minimum No of SVS: Auto select (data are acquired 
when at least 4 SVS are tracked) 
Measurement sync Time: 4 seconds 
Satellite Health: Automatic (only data from healthy 
satellite are recorded) 
Time Zone: GMT + 1 hr (the additional term depend 
on your location)                      
Type of job: Static 
Antenna height was measured in each station and 
entered at the appropriate prompting before 

commencement of data recording. Antenna offset 
Height between the antenna tape at the bottom and 
top of Antenna was also entered. Other recorded 
information in each station include point Name, Start 
and Stop time, initial position estimate  ,   
,station diagram, pillar/Beacom condition, sky 
visibilty, antenna height etc. 
 
Computation and Adjustment of Observations 
Once the measured data have been screened, the next 
stage was to carryout an adjustment and analysis of 
the results based on the least squares model. The data 
processing procedure includes: 
-  model validation 
-  Ambiguity resolution 
- Coordinate computation 
- Determination of variance-covariance matrix. 
In order to carryout an adjustment the parameter 
presented in table I below were input into the 
software. 
 
Table I: Input parameters into processing software 
Cut-off-angle                                                                                -  
150 
Tropospheric model                                                                     -  
Hopfield 
Ionospheric model                                                                        -  
None 
Solution Type                                                                               -  
Standard 
Ephemeris                                                                                     -  
Broadcast 
Data used                                                                                      -  
Code and phase 
Phase Frequency                                                                           -  
Automatic 
Limit to resolve Ambiguity (km)                                                 -  
20 
Apriori rms (mm)                                                                          -  
10 
Sampling rate for static (sec)                                                       - 
use all 
Phase processing                                                                          - 
Automatic 
Circle slip detection                                                                     - 
Phase clock and loss clock flag  
Phase measurement rms (mm)                                                      - 
10 
Update rate (epoch)                                                                       -5 
Min time to fix ambiguity L1 only (min)                                      - 9 
 
Once the processing parameters have been chosen, a 
3D constraint network adjustment was carried out on 
WGS 84 reference ellipsoid. In the adjustment 
process, since coordinates are of utmost concern to 
us, other unknown in the mathematical model such as 
transformation parameters, scale factor, azimuth 
offset, orientation unknown and regression 
coefficient were kept fixed. 
 
Adjustment of Observations 
To ensure reliability of results: 

a) All computation options available during the 
processing of baseline observation must be 
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applied consistently throughout the data 
reduction process. 

b) Details of all processing procedures should 
be in line with the research specifications on 
baseline processing, adjustment of 
observation and datum transformation. 

In order to carryout adjustment of the 
observation from epoch to epoch, we re-write the 
double difference equation in the form given in 
Ehiorobo ( 2009) as follows: 

 

 
1

. (5)

(6)

pq pq
km

pq pq pq
km km km

be

N S 

 

  
 

In (5) b is unknown baseline, ,p qe e  are unit vectors 
and the difference of the unit vectors to satellites p 
and q. Of the three variables shown in (6) the only 
parameters that can be precisely measured are the 
carrier phase measurements that are combined to 
produce the Double Difference, DD. The noise term 
S will tend to cancel out with carrier cycle ambiguity 
Search. The unknown parameter is thus the baseline 
vectors b which has three components 

,x y zb b and b plus the unknown integers carriers – 
cycle ambiguity N. 

 
Since there are four unknown parameters, four 
independent double difference equations are formed. 
In terms of satellites, two satellites are required to 
form each double difference equations. Thus in order 
to form four independent double difference 
equations, a minimum of five satellites are required. 
The transformation of (6) to four double difference 
equation is given by the expression: 

1 12 12 12 12 1

2 13 13 13 13 2

14 14 14 14 33

15 15 15 15 44

(7)
x

y

z

e e e e N
b

e e e e N
b

e e e e N
b

e e e e N



     
                    
           

 

In (7)  i are the double difference operators, ije   
the difference unit vectors between the two satellites 
represented in  the corresponding double difference. 
 In matrix notation, the above equation can be written 
as: 

(8)Hb N   
In (8) i    is the 4X1 column matrix of carrier 
phase Double difference. 
H -  is a 4 X 3  data matrix containing the differenced 
unit vectors between the two satellites represented in 
the corresponding Double Difference. 
b -  is a 3 X 1 column matrix of the baseline 
coordinates. 
N – is a 4 X 1 column matrix of integer ambiguity. 
Once  the carrier phase Double Difference are 
formed, a similar set of Double Difference is formed 
using the pseudo ranges between each antenna and 
the same set of satellites. The final solution follows a 
three step approach which include floating solution, 

carrier cycle ambiguity resolution using Fast 
Ambiguity Resolution Approach (FARA) statistic by 
Frei and Butler(1990) and finally a fixed baseline 
solution is implemented to derive points coordinates 
together with the variance – covariance matrix. For 
the case under consideration, the adjustment and the 
analysis were carried out using Leica – Ski – PRO 
and Move. 3 software. A flow chart for the DGPS 
data processing for Dam deformation monitoring is 
presented in Fig 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2:  Flow chart for DGPS Data Processing 
 
Once the adjustment of observation are completed, 
object point displacement are computed as the 
difference in coordinates between the measurement 
epochs using the equation given in Ehiorobo, (2008) 
as : 

 (a)
1

1

1
1

1
1

(9)

k k
j

k k
j

k k
j

x x dx

y y dy

z z dz







  
    
 

     
Where 

1 1 1

1 1 1

, ,

, ,

k k k
j j j

k k k

x y z coordinate of last epoch

x y z coordinate of preceeding epoch

   


 

Horizontal movement is computed for each object 
point as in (10) 

 

Mathematical model  

Aδ + Br + w = 0 
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coordinate difference according to free adjustment in the y axis
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dy
 (m

m
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 
1

2 2 2 (10)ds dx dy 
And the direction of movement in computed as 
tan (11)i

i
i

dy
dx

 

 
RESULTS, ANALYSIS AND DISCUSSION 

The coordinate difference after adjustment of the 
three measurement epochs together with the 
computed horizontal movements for the control and 
reference stations are presented in table 2 and fig 3a-
3c. 
 

Table 2: Coordinate Difference from Free Adjustment Results from DGPS Measurement Sessions Between 
2008 and 2010 

Point Number 2008-2009 
(mm) 
  

2009-2010 
(mm) 
  

2008-2010 
(mm) 
  

2008-2010 
(mm) 

 
dx dy ds) dx dy ds dx dy ds i  i  

DEFM 1SI -1.1 5.1 5.2 -3 -11.1 11.5 -3.9 -6 7.2 236059’  151033’ 
DEFM 2SI 0.1 -0.1 0.1 1.5 5.1 5.3 2.3 4.8 5.3 64024’  149041’ 
DEFM 3SI -19.3 -19.9 27.7 -3 1.7 3.4 -18.6 4.7 19.2 345049’  121036’ 
DEFM 4SI -102.4 215.7 238.8 -23.7 103.2 105.9 -73.2 115.7 136.9 122019’  165025’ 
DEFM 5SI -10.9 -18.1 21.1 -83.7 -4.1 83.8 -8.9 -17.9 20.0 243034’  160012’ 
DEFM 6SI -2.7 -6.3 6.9 -3.7 -4.6 5.9 -4.2 -1.4 4.4 198026’  128040’ 
DEFM 7SI -29.8 -3.8 30.0 -38.3 -10.9 39.8 -38.9 -26.2 46.9 213057’  138025’ 
DEFM 8SI -18.2 -7.9 19.8 -4.5 -18.5 19.0 -2.2 -9.1 9.4 256024’  115017’ 
DEFM 9SI -14.3 -9.8 17.3 -39.6 -1.6 39.6 -10.3 -6.2 12.0 211003’  110030’ 
DEFM 10SI -1.6 -1 1.9 -12.9 4.2 13.6 -4.5 -7.7 8.9 239042’  135039’ 
DEFM 11SI -23.1 -7.6 24.3 -2.5 -5.8 6.3 -21.2 -17.1 27.2 218053’  121036’ 
BMB 1 43.4 -2.6 43.5 -12.4 -14.1 18.8 -12.3 -14.5 19.0 229042’  115034’ 
RF 1 -2.6 -5.1 5.7 -13.5 -11.5 17.7 -9.5 -10.4 14.1 227035’  114003’ 
RF 2 -5 -2.2 5.5 -10.3 -14.1 17.5 -19.1 -13.9 23.6 216003’  151043’ 
RF 4     0.0 15 -12.1 19.3 -11.9 -13.4 17.9 228024’  152003’ 
RF7 -12.5 -2.4 12.7 -16.9 -13.4 21.6 -18.1 -12.4 21.9 214025’  138027’ 
RF 8 -11.3 -4 113.1 92.8 -16.1 94.2 -80.4 -27.1 84.8 198038’  171052’ 
RF 9 -56.6 -8.1 57.2 -41.1 -15.1 43.8 -44.8 -14 46.9 197021’  125012’ 
RF 10 -64.5 17.3 66.8 -84 24.7 87.6 -89.9 -11.5 90.6 187017’  136044’ 
 
 

 
 

 
 
 

 

 
 
 
 
 
 

 
Fig 3a: Point ID against displacement in X direction 
for control point 
 
 

 
Fig 3b: Point ID against displacement in Y Positions 
for control point 
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Fig 3c: Point ID against displacement Vector in   
Vertical position for Reference points on Dam crest 
 
In table 2 each movement or deformation vector has 
magnitude and direction expressed as point 
displacement coordinate difference. These vectors 
describe the displacement field over a given time 
interval. Displacement that exceed the amount of 
movements expected under normal operating 
condition of the Dam  will indicate possible abnormal 
behaviour. Comparison of the magnitude of the 
calculated displacements and their associated survey 
accuracy will indicate if the computed movement is 
more likely to be as a result of measurement errors. 
Thus if the magnitude of the displacement of a point j 

is classified Dj and the maximum dimension of 
combined 95% confidence ellipse for point j is 
designated Ej , then. 
If j jD E  we conclude that no movement has 

occurred in point j but rather the difference observed 
is as a result of measurement error. But if on the other 

hand. j jD E  then we conclude that point 

movement (deformation) has occurred. 

jD  and jE  are computed using the equations 

   

   

2 2

2 21

(12)

1.96 1.96 (13)

j j j

k k
j j j

D x y

and

E m m M
 

   

  

 
where    2 21 ;k k

j jM m m
  

  
 1k

jM m 
  standard error in position for the 

K+1 epoch and  k
jm - standard error in position for 

the previous epoch k. The analysis of horizontal 
movement for three measurement epoch 2008-
2009,2009-2010 and 2008-2010 are presented in 
table 3 
 
 

 
Table 3: Analysis of Horizontal Movement for Three Measurement Epochs 

 Rover ID 2008-2009 2009-2010 2008-2010  
 

  

jD mm
 

 
1.96jE M

 

jD mm
 

1 .9 6jE M  
jD mm

 

1 . 9 6jE M
 

Point 
Movement 

1 DEFM 1SI 5.2 3.5 11.5 3.4 7.2 2.9 Yes 
2 DEFM 3SI 27.7 3.2 3.4 3.3 19.2 3.8 Yes 
3 DEFM 4SI 238.8 3.5 105.9 3.6 136.9 2.6 Yes 
4 DEFM 5SI 21.1 2.4 83.8 2.7 20.0 2.7 Yes 
5 DEFM 6SI 6.9 2.2 5.9 2.5 4.4 2.1 Yes 
6 DEFM 7SI 30.0 1.8 39.8 2.1 46.9 1.9 Yes 
7 DEFM 8SI 19.8 2.2 19.0 2.0 9.4 2.3 Yes 
8 DEFM 9SI 17.3 2.5 39.6 2.4 12.0 2.8 Yes 
9 DEFM 10SI 1.9 2.3 13.6 1.9 8.9 2.5 Yes 
10 DEFM 11SI 24.3 2.6 6.3 1.9 27.2 2.1 Yes 
11 BMB 1 43.5 2.4 18.8 2.4 19.0 2.4 Yes 
12 RF 1 5.7 2.1 17.7 2.2 14.1 2.1 Yes 
13 RF 2 5.5 4.2 17.5 3.8 23.6 4.3 Yes 
14 RF 4 0 - 19.3 3.7 17.9 2.4 Yes 
15 RF7 12.7 4.7 21.6 3.6 21.9 3.9 Yes 
16 RF 8 113.1 3.2 94.2 2.7 84.8 2.6 Yes 
17 RF 9 57.2 3.2 43.8 3.0 46.9 2.6 Yes 
18 RF 10 66.8 3.0 87.6 3.0 90.6 2.9 Yes 
 
Analysis carried out in table 3 show that all the points 
in the network have moved. Plotting of the computed  
magnitude and direction of movement of points on 
the Dam axes  show that  there is a homogenous 
movement of the Dam in a S-W direction. This is  

 
perhaps as a result of hydrostatic pressure from the 
Dams reservoir (see fig 4) .
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Fig. 6.19: DIRECTION OF MOVEMENT OF DAM EMBANKMENT INDICATED BY ARROWS
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CONCLUSION 
The application of Differential GPS to structural 
Deformation monitoring at the Ikpoba Dam represent 
a pionearing work in the use of GPS for structural 
Deformation monitoring in Nigeria. The study 
involved an assessment of the results of observation 
and measurement carried out between 2008 and 2010 
using one control receiver and three rovers for 
positioning by method of Differential GPS (DGPS). 
None of the baseline in the network was more than 
three kilometers which allowed for accurate baseline 
processing to give maximum level accuracy both in 
plan and elevation. 
 
A rigorous application of model validation in the data 
processing provided the opportunity for the analysis 
of the GPS code and phase observable. Using DGPS 
code and carrier phase measurement technique in 
Dam Deformation monitoring significantly reduces 
the biases and errors, influencing GPS accuracies. 
Increasing the redundancy of the measurement 
system by using more satellites and in particular, 
using dual frequency data is very beneficial for 
reliability.In the study, the maximum standard error 
in position after elimination of outliers was less than 
5mm. these results form the basis for further research 
and investigation in the use of  Differential GPS in 
deformation monitoring. 
 
From the results obtained from the studies carried out 
between 2008 and 2010, it can be concluded that 
DGPS gives high accuracy results for 3-D Dam 
deformation monitoring particularly for short 
baselines. 
 
 
 
 

REFERENCES 
Consentino R.J and Diggle D.W. (1996), Differential 
GPS, understanding GPS: Principle and Applications,  
Kaplan CD (Eds) pp 321-383. Artech House Inc 
ISBN 0-89606-793-7. 
 
Ehiorobo J.O (2000). “Global Navigation Satellite 
system and their impact on precision Engineering 
Surveys, resource exploration and management” N.1 
Prod.E, Technical transaction, journal of the Nigeria 
institution of production Engineering, Vol 5(1) 
pp110-123. 
 
Ehiorobo J.O. (2008), Robustiness Analysis of a GPS 
network for Deformation Monitoring in an Earth 
Dam, PhD Thesis, Department of Civil Engineering, 
University of Benin, Benin City August 2008. 
 
Ehiorobo J.O. (2009), Accuracy of Static Differential 
GPS Techniques: Implication for structural 
Defprmation Monitoring, Advanced material 
Research, Trans. Tech publication Vol 62-64, pp31-
38. ISSN 1022-6680. 
 
Frei E. and Beutler G (1990), Rapid Static of 
positioning based on the Fast Ambiquty Resolution 
Approach “FARA”: thoery and first results, 
manuscript geodetica vol 15, pp 325-356, 1990. 
 
Lachapelle. G, Cannon M.E and LU G. (1992), High 
precision GPS Navigation with emphasis on carrier- 
phase Ambiquty Resolution, Marine Geodesy, Vol 
15, (4) pp 253-269, ISSN 0149-0419 (print), 1521-
060X (online). 
 
Leandro R. F. and Santos M.C (2007), Stochastic 
models for GPS positioning- an empirical Approach, 
GPS world, Advanstar communication, Feb 2007, pp 
50-56. 
 
Rutledge D. R, Meyerhilz S.t, Brown N.E and 
Baldwin S.C.S (2006), Dam stability: Assessing the 
performance of a GPS monitoring system, GPS 
world, Advanstar communication. Oct. 2006 pp 26-
33. 
 
Yamming F (2005), Funture prediction using GPS 
with a virtual Galileo innovation, GPS world 
Advanstar Communication. pp 46-52, March 2005. 
  

Fig 4 : Direction Of Movement Of Dam 
Embankment Indicated By Arrow 


