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Abstract

The rapid development in computer technology helped to overcome the
problem of accuracy improvement and accuracy assessment of high precision
network. In this paper a study was conducted to evaluate and compare the
accuracy of position through the area of error ellipses in case of using single
base line and two base lines for geodetic monitoring network of Haditha Dam .

The present paper purpose is to conclude that the use of additional baseline
Is an important part in the improvement of micronetwork accuracy and treats the

weakness in the geometrical figures used.

1- Introduction:

Over the last decade, an interest has grown among the civil engineering and
building professions in monitoring the movement of different types of structures
both during and after completion of construction. There are many reasons why a

structure may need to be monitored for movement. For examples, It is well
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known that dam walls change shape with varying water pressure, that the
foundations of large buildings are effected by changes in ground conditions, and
that landslips sometimes occur on embankments and cuttings. For all of these
deformations surveys can be used to measure the amount by which a structure
moves both vertical and horizontal over regular time intervals. The purpose of
the micronetwork that using for precise engineering projects are to ascertain if
movement is taking place and to assess whether a structure is stable and safe. In
addition, movement may be analyzed to assess whether its is due to some daily
seasonal or other factors, and most importantly it may be used to predict the
future behavior of structures. Priori to any surveying project engineers have to
estimate and determine the accuracy of surveying. This paper deals with the
solution of accuracy improvement for high precision network. In this paper
above problems are treated by means of the variance covariance matrix. This
matrix can be computed for any network unrespectable of whether or not actual
observations have been carried out. The variance covariance matrix is used for
plotting station error ellipses. The geodetic monitoring network of Haditha Dam
(shown in figure 1-1) is used for this purpose.

Figure (1) Geodetic Network of Haditha Dam
Scale 1:50000
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2. Control surveys

Engineering surveys are usually based on horizontal and vertical control
networks which consist a fixed point called control station. Series of control
stations forming a network can be used for the production of site plans[1].

Methods of determining the horizontal positions or rectangular coordinates
of control point include traversing triangulation and trilateration. In addition,
horizontal control can be extended using intersection and resection.[1]

A triangulation network consists of a series of single or overlapping triangles
as shown in Fig. (2)in which the points of each triangle forming control station.
Position is determined by measuring all the angles in the network and by

measuring the length of one or more baselines such as AB or HJ in Fig. (2).

Figure (2) triangulation networ k

Starting at the baseline and application of the sine rule ineach triangle
throughout the network enables the length of al triangle sides to be calculated.
These lengths when combined with the measured angles enable coordinates of

each stations to be computed.
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A trilateration network also takes the form of series of single or
overlapping triangles but in this case position is determined by measuring all the
distances in the network instead of all the angles. For all trilateration surveys the
measurement of the meteorological conditions at all times is vital and
atmospheric corrections must be rigorously applied to all EDM measurements.
For station coordinates calculation the measured distances are combined with
angle values derived form the side lengths of each triangle.

Because of high precision and accuracy of modern EDM equipments,
traversing, triangulation and trilateration can all be used as methods of
establishing horizontal control. On construction sites, combined networks are
used horizontal control is required to provide reference points for control

extension, for monitoring, and for precise engineering work.

Two types of horizontal control network are used for deformation
monitoring: absolute and relative networks. An absolute network is a network in
which one or more points are considered to be stable so that a reference datum is
provided against which coordinate changes can be assessed. One of the more
difficult problems with an absolute network is to identify and confirm the
stability of fixed reference points. A relative network is one type in which all

surveyed points are assumed to be moving and has no stable datum.

3. Base Lines:

Because of the angular measurement errors the accuracy of the computed
lengths will decrease as the distance from the baselines increase.. On extensive
triangulation the accuracy is maintained by measuring additional baselines. The
required frequency of the bases is dependent on the strength of figures. The use
of the EDM’s eliminates the need for elaborate baseline preparations [2]
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4| east Squar e Adjustment:

Nowadays, network coordinates are often calculated using methods based on

least squares. A least squares adjustment, however, accounts for all angles and
distances measured in a network, making full use of all the redundancy in a
network, performs a simultaneous adjustment of field data and calculation of
coordinates. In other words, least squares adjustment will produce a single
solution no matter how the original data is collected and processed. In addition
to computing the best adjustment, Least squares is also capable of providing a
complete analysis of survey including details of the positional accuracy of each
coordinated station [3]. This information can be used at planning stage to ensure
that a survey meets its specification . The development of of least squares
adjustment theory are based on the variance law for independent observations
.In the observation equation method the adjusted observation are expressed as

linear function of suitable parameters as [4]:

Where:

X = column vector of parameters

A = matrix of coefficient

L = column vector of correlated observation

V=column vector of residua .

The application of least squares adjustment in plane coordinate surveys
includes formulation and linearization of the equation (distance and angles)
encountered in the adjustment of plane coordinates by the method of indirect
observations (variation of coordinates), least squares position adjustment for a
typical procedure employed in plane coordinate surveying as shown in Fig. (3)
below.
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A (XA, Ya)

B (Xg, YB)
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Figure (3): Interrelation of Horizontal Angles, Distances, Azimuthsand( x,y)
Coordinatesin Plane Surveying

The observation of the measured angle shown in Fig. (3) can be expressed
as[5]:

W4V p=aPB- aPA= tan EoD” CPO oy 1 FEA- CPY @
eYB-YP g eYA-YB g

Where:

M . angle from A to B.

V U . residual of M .

(XA, YA),(XB,YB),(XP,YP) the plane coordinatesof A,B and P.

The non —liner form for equation (2) can be made linear by Taylor’s method .

Final linear form of equation (2) is given as follows:[7]

afxpo' XPO) 18 o - Xpo._;.._c;.)

Vi +u:tan'1§ - tan Tt
YBo - Ypo YAo - YPo 7]
I\écodApBO) [X:B _ S n(aPBO ) DYB + COS(aPAO ) mA_ S n(aPAO ) DYA+ §OS(aPAO ) g_ CodaPBO ) %
8 “reo PBo PAO Sero & S o Seeo B
mp + SS n(aPBO ) _ S n(aPBO ) HDYP
& Speo S
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Where.
( Xa0, Y20),( XBo, YB0),(Xpo, Yro): @pproximate coordinates of A,B and P.
apn0, pe0. approximate azimuth of PA and P B.

Sea0, Seeo. @pproximate distance of APand BP.

( . acoefficient to convert radiansto grade.
AXA, AYA, AXB,AYB, AXP, AYP the correction of approximate coordinates.

The observation equation of a measured distance SPA as shown in figure (3) iS

Sep +Vps =/(CA- CP)? +(YA- YP)2  oormmremeremeere. @

where:
(XA,YA),(XP,YP) : plane coordinates of A,P

The linear form of Equation (4) is given as follows [7]

S = Sa0+ Veea = SN (Gpag) XA+Cos(@do) YA-SN (agh) XP- Cos(@pao)

Where:

SPro: approximate distance of line AP.

Apao :approximate azimuth of line AP.
A XA, AYA , AXP, AYP:the correction of coordinates of A,P
VspA: residual of distance AP.

For geodetic monitoring network of Haditha Dam shown in figure (1)
measurements are achieved by state commission on survey. For angular
measuring used T3 theodolite instrument and for distance measuring used DI5S
instrument. The side pips is a baseline and by using the approximate
coordinates, (63) observation equation can be formed for angles and (39)
observation equations can be formed for distances after substituting in equation

(3) and (5) respectively. When use another baseline (psp1) and by using
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approximate coordinates, (63) observation eguation can be formed for angles
and (38) observation equation can be formed for distances after substituting in
equations (3) and (5) respectively.

By using matrix algebra shown in equation (1), the least squares solution for
finding the vector X is obtained by applying the condition ~ V'V= minimum.

The above condition, if applied in equation (1) gives so called normal equations

[5].
(ATA) X+ AT L=0O --mmmemm- (6)

Where ATA: a square symmetrical matrix (covariance matrix)
X: column vector of parameters .

A: matrix coefficient.

L: column vector of correlated observation.

The above procedure of adjustment and solution were performed on a

microcomputer using the software LOTUS,

5. Error Ellipses:

Besides providing the critical information regarding each points precision, a
major advantage of error ellipses is that they afford on excellent means of

making visual comparison of point precisions.

The size, shape, and orientation of station error ellipses depend upon the
precision of the various observations and on the geometric character of the
network. It is, therefore, possible to estimate in advance of an actual survey the
priori precisions of observations of a proposed network. Using simulated
observational data, a least squares adjustment can be performed for this
purposed survey, and station error ellipses can be plotted. The network geometry
can then be varied into differing on configurations, least squares adjustments
performed on these differing configurations, and error ellipses plotted for each
of the variations. Besides varying geometry, a priori precisions can also be
varied in accordance with precisions that would be possible for the available

survey equipment.
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By experimentation, it is possible to select the optimum network and
equipment combination needed to achieve a given precision for any survey to
derive the semi major axis and semi minor axis and the orientation of the semi

major axis the covariance matrix (AT A)* or (ATeA)™* [8] and [9].

- ™

QXX Qxy QXZ
(ATA)'S

Qxy Qvyy QYZ

N QXZ Qyz QZZ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA _/
tan 2t = 2Qxy (7)
Qyy-Qxx

Wheret is the orientation of semi- major axis.
Quu = 12 [Qyy+Qxx+K]  ------mmm - (8)
Qw = 72 [Qyy+Qxx-K]  -----mmmmmoe- (9
K= V(Qyy- Qo +4(Qo) e (10
Where:

Quu: numerical values when multiplied by (So?) gives variances along (u) axis, The
sguare root of this variance gives the semi -major axis of the error ellipses.[9] and
[10].

Qw: numerical values when multiplied by (So?) gives variances along (v) axis, the

sguare root of this variance gives the semi major axis of the error ellipse (see figure

(4)).
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v

Figure (4) Error Ellipses

As shown in figures (5) and (6) the amount of errors in the positions of points
16,17,18 and 19 isincreasing as we go away from the baseline p;ps because of
the weakness in the geometrical figures used. In order to decrease the errorsin
the network and to keep the amount of errors to be acceptable we use psp1o
baseline in the opposite side of original baseline .This was clearly shown in table
(1) and see the figures (7) and (8). The mean of area of network error ellipses
when use p;ps as base line equal to 156.33 mm?, but when use p;ps and P4P10

as a base the amount will be 97.56 mm? asillustrated in table (2),

From above ,it can be conclude that the use of another base line in the
opposite side of original base line is an essential requirement to improve the

micro network accuracy.
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Table (1) Differencein Semi-major axisand Semi-minor axis Between Networ k

when use (p1ps) Base line and when use (p1ps) and psp1o Baselines

Position

network when pips

basdine

Network when (p1 ps) and
(pa p10) baselines

a b
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Table (2) Difference in Area of Ellipses Between Networ k when(p,ps) Base

Line and when use (p1ps) and p4p1o Baselines. *

position area when pips area when (p1 ps) and
baseline(mm?) (P4 P10) baselines(mm?)

* Area=(qrxaxb) (seetable(1)
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Fig. (5): Error Ellipsesfor some points
Networ k Scale 1:50000

Ellipse Scale 1:1

Fig. (6): Error Ellipses for other points

Network Scale 1:50000

Ellipse Scale 1:1
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Fig. (7): Error Ellipses for some points
Network Scale 1:50000

Ellipse Scale 1:1

Fig. (8): Error Ellipses for other points
Network Scale 1:50000

Ellipse Scale 1:1
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Conclusion:

The use and study of accuracy have been obtained through the variance
covariance method for analyzing micronetwork accuracy, which has been

successfully applied to Haditha Dam. The following conclutions are drawn:

1-To decrease the network errors caused by a weakness in geometrical
figures and away from the first baseline, using another baseline is an

essential requirement.

2- Mgor advantage of error ellipsesis that they afford an excellent means of
making visual comparison of point precisions as well asit is possible to

select the optimum network.
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