
PROPOSED TECHNIQUE IN GEODETIC POSITIONING

Sayed EI-Naghi

Transportation Department, Faculty of Engineering,
Alexandria University, Alexandria, Egypt

ABSTRACT

This paper introduces a proposed method for the computation and
the estimation of accuracy of surveying control points. The proposed
method is a combination of intersection and resection. Steps of
adjustment are given for the cases where an unknown position has
been observed from any known positions by means of any two
observations. This paper introduces a proposed method for
observation and calculation of third order or town triangulation
network. Such a method aims at overcoming the problem of time
and cost for such operations.

Keywords: The f1Xation of stations, The position of points,
Intersection, Resection, Adjustment.

INTRODUCTION

The fixation of stations is an essentialoperation in the field of surveying. To
determine the position of points linear or
angular observations are needed and these
observations or measurements should be
adjusted to obtain the Most probable values
(M.P.V) of the coordinates of stations.
Traditionally due to practical region and
time limitations beside the invention of EDM
and progressing in their techniques most of
new stations in processes of condensations
and extension should be performed
according to the proposed technique. In this
paper the development length data with
angular 0bservations, in determining
position of control points. This paper offers
also some useful formulae for evaluation of
accuracy of fix which are considered to be
essential operations in surveying.

CONCEPT OF THE PROPOSED METHOD
If two observations are made of an angle

or line or bearing (azimuth) all with equal
precision or unequal precision, besides the
fixed stations, can be obtained. Consider, as
an example, the following cases
observations were taken in Figure 1.
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In Figure 1, F.S.... is the fixed station, P
is the new station (unknown) a. is the
observed bearing (azimuth), ~i is the
observed angles and S is the observed
length.

From the two observed quantities, as
shown in Figure 1, the coordinate of the new
station can be obtained Namely L VrpV =
min the fundamental principle of the
method of least squares, can be applied.

MATHEMATICAL TREATMENT
Observation equations for the adjustment

Geodetic network adjustment using the
observation equation method usually starts
with the observation equation [1].
Ax+L=V (1)
where Ais a given mxn matrix of coefficients
or design matrix, X the nxl vector of
unknown parameters, L the mxl vector of
observations, V the mxl vector of residuals
andm>n.
The residuals are defined by:
V = AN-l AT PL + L (2)
where,
N-l = (AT PA)-l
where P is the weight matrix, N is the
coefficient of the normal equation matrix.
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Fonnation of the Coefficients
It should be noticed that, as shown in

Figure 1 several cases of observations can
be taken:
General case

Figure 1 shows all the possible
configurations for fixing a station using two
observations where in all cases "P"
represents a new station and T represents a
fixed station. The distance S and the bearing
a are observed.

From the above data the required
coefficients (a,b and e) can be computed
from the formula

where the coefficients 8.;, bi depend on the
configuration of the network, whereas fi are
dependent on the values of observations.

(7)

(6)

(5)

(3)

N-!in Equation 3

Ax =-L
or in the general form
X = - Al L

If the number of unknowns (6x,8y for
new station) equal the number of
observations (two observation), case under
study, this situation is expressed formally as
[2,3].

N-l = Al p-t (AI)T

By substituting value
into Equation 2, we get:
V=-AA-lP-l(A-l.ATPL+L=O (4)
Substituting in Equation 1 from Equation 4,
we get
Ax+L=O
or

(12)
a = - cos ap-T;
b = - sin ap-T;
e = S' - SPoT;

where

sin a
a=. p poTS

P - I

SI = ~(XT - Xpo f + (YT - YpO f (13)

In the above form:
XT,YT are the coordinates of fixed station T;

and
Xpo,YpOare the provisional coordinates of the

new station P.
And similarly for the observed bearing

the required coefficients a,b and e can be
obtained as follows

(8)

(9)
A-I = ~ 1~~-2:~1,
where D is the determinant of A,given by

x = 18XI;A=laIbII;L = lell8y a2b2 £2

and AI can be computed from;

Establishment of method
Mathematical formulae will be derived to

establish the relation connecting unknown
parameters values in various cases of
observations. Therefore Equation 1 can be
set up as:

a' = arc tg XI- Xpo (15)
YT - Ypo

Sample case
In this case, as shown in Figure 2, the

observations are angles (~l or ~2 or ~3)

(10)

From what followed, unknown
parameters values can be obtained.
Variation of coordinates for the new station
(P)8xpand 8 YP using the followingfrom:

(11)

b = _ pcosap T'S '
P - I

e = a' - ap-T;

where

(14)
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Figure 2 Sample case care of the three tested cases. In Figure: T,T2 are fIxed statues; P is the station; s is the observed
length; P, are the obsel-ved angles

a) For observed angle /3 1

The coefficients are

a== SUla
p S p - 1" ,

P - Tl

c) For observed angle /33

The required coefficients are:

(sinal' -T2 sinal' -Tl)a == p -------- ,S©p-T2 Sp-1'1

cosa
b==-p PH;

Sp _ T2

(16) b - (cosap - T2-- p---S©P - T2
cosap - Tl);

SI' - Tl
(20)

f == W3 - /33

where

where

/3'l==a© -a
Tl- p Tl-T2

(17)

/3'3 = a' p _ T2 - bT1 - T2

and

S'p-T2 = ~(XTZ - X~)2 + (YTZ _y~)2

(21)

(22)

b) For observed angle /32

The required coefficients are:
sUlap- 1'2

a= - p----
SI' - T2

b cosap - T2= p----;
SI' - T2

where

a -a'
T2 - Tl T2 - P

( 18)

(19)

In all the above cases computation of
the bearing a' and distance S' are based on
coordinates of fixed stations (T1, T2)and
the provisional coordinates of the new
station (P).

To calculate the provisional coordinates
of a new station P two methods can be
performed. The fIrst one can be derived by
scaling from cadastral maps of large scale
(1:2000, 1:5000, 1: 1000). The second
method can be obtained using the following
formula:
Xpo = XT+ S sin a (23)
Ypo = YT+ S cosa
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For better accuracy the position of the new
station can be obtained using the variances
covariance as follows:

PRECISION AND ACCURACY
For evaluating the accuracy of adjusted'

value for the unknown station P the Mean
square Error (M.S.E) "a" for corrected
coordinates must be obtained this values.
The required (M.S.E) , Ox, oy, for coordinates
of a new station P will be related to M.S.E ,
0102 , for observations values.

To find the Ox and Oy the following form
can be used:

+ b2 0) }

2 1

+ a2 r7 )
2 1

(24)

CONCLUSIONS
This paper offers an important mean of

dealing with positioning of new stations.
In this study it can be easily seen that the
computed values have enough accuracy of
third order or town triangulation
networks. In addition, the proposed
method is quite simple as every station
could be calculated independently, while
in other techniques the network
adjustment should be computed as one
blocked unit which complicate the
solution. The simplicity of this system
arises from the fact that each station can
be handled separately. More over the
required error ellipse parameters can be
evaluated from the variance and
covariances value.

tg2tl = 2QI2Q -Q
11 22
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(25)

(26)
Qll = bl2 022+ 1>22012;
Q22= al2 022+ ~2 012;
Ql2 = - (al bl022 + ~ 1>2012)

w = ~(Qll - Q22)2+ 4Q~2

1
U2 = --, (QII + Q22+ W);

20-

V2 = _1_, (QII + Q22- W);
20-

where e is the azimuth the semi-major
axis at the x-direction. U and V are the
semi-major and semi-minor axis of the
ellipse error respectively; and where Q11,
Q22, QI2 are weight coefficients given as [4,
5):
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