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Abstract

For the widely used method of measuring angles in all combinations in triangulation
nets, as well as for other methods of angular measurements there is no techniques
enabling to find the value of mean square errors for each sight taken separately. For
the angular measurements carried out by the method of rounds there was a formulae
deduced for the first time , but it revealed to be not too easy (o use.

In this paper, there is a new formula deduced herein, which is much more simple.
Moreover, it requires less computations, specially when the number of directions
observed is great( n > 6—9 ). For the same directions this formula give very good
results comparing with other formulae. Since this formula deduced in this paper is
more convenient and simple, it should be preferred in practice.
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I. Introduction

As it 3 known, the triangulation
requires that the results of angular
measurements at a station (point) and
their adjustment be represented as a
series of equal accuracy sights having
the same weight P; = constant, j =
1,23, n,

Traditionally the weight of adjustment
sights measured from a station is
assumed being equal to the number of
the repetition ot proportional to this
number. For instance, when the
directions are measured in  all
combinations, it is taken as:

Pj = mn. (1)

And for the observations performed by
rounds,

Pj =m. (2)
Where:

m is the number of rounds,
n is the number of points
sighted.

Formulae (1) and (2) do not reflect real
conditions under which the
observations were carried out,

Many factors are not taken into
account in these assumptions, e.g.
different visibility along different
sights,  different
oscillation of sighting targets observed
in the field of view, different influence
of local fields of lateral refraction
along different sights and so on.

That is why the assumptions
mentioned above are not able to give a

amplitudes  of.

correct idea on real weight of each
sight taken separately.

More reliable data on the weights of
adjusted sights could be obtained if it
is computed with the use of results of
direct measurements, i.e. by means of:

P =1/ M} 3)
Where:
M; is the mean square error of
j-th adjusted sights, =
1,2,3,.......... N

For the widely used method of
measuring angles in all combinations,
as well as for other methods of angular
measurements there are no techniques
enabling [1,2] to find the value of M;
for each sight taken separately.

For the angular measurements carried
out by the method of rounds there is a
formulae deduced for the first time, but
it revealed to be not too easy to use.

In this paper a new formula demanding
less computations, is deduced. Also an
example of accuracy evaluation using
this formulae for the case of 2nd order
triangulation is presented.
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II. Theoretical Grounds

When measuring angles by the method
of rounds, the direction are observed at
different settings of the theodolite
circle. Between the rounds the circle is
off-set by an angle.

B=180°/m +1i, (4)
where:
m is the number of rounds,

i being the scale division of the
circle,

During the treatment of observation
results the misclosure of rounds are
distributed evenly between all the
directions. Then all the sights are
reduced to the initial (first) one which
15 taken as zero.

Let Nlu ) Nzu, Ng," 3 et . Nn" be
the directions observed in a round with
certain setting of the circle,

After reducing them to the initial sight
we have: ’

N|’= N|«- N‘” = 0,
N2'= Nz"~N|“ =1.2;

Ny = N3-N,” =13; )’

...........................

The sights adjusted at station N; (]
=12, i ,n) and reduced to the

initial one could be computed as the
mean value for m rounds:

N; = 0°00' 00,00";
N,={12]= 1212-
2 . - Ly

N=[13]= Y13 ©)

Np=[1n]= —I—Zl.n.

Adjusted values N; could be found in
another way if the correction §; for all
the directions observed in each round
are found .

Instead of equation (6) we could write:

Nl = N|'+ 8|;

Ny = Ny+ 8y

Ny = N3+ 3y (7
Np= N+ 8,

Where:

N; are the directions observed
in a round.

The formulae enabling to compute §
could be obtained by rewriting (6)
allowing for (7):
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N,= 0°00' 00,00";

Np=[1.2]= (Na+ 82)-(Ny + 81);
Na=[1.3]= (N3+ 83)-(N; + 81);  (8)
Np= [l.n] = Ny + &) - (N +8)).

Differences 8;~51 will be hereinafter
denoted as v, ;.

82'6|=U|._‘g;
5J"S'l:l'-"]j;l
64'61 = UL.;; (9)
5;-.-55 DI}?'

These values v, ,, U5, U455,

N

in a round could also be expressed as
differences between adjusted sights
(mean values computed for m rounds)
and directions observed in this round:
v,= Np-Ny = [1.2] - 1.2;

v,= N3=Ny'= [1.3]-1.3;

Va= N4 -N4'= [1.4]-14; (10)

E I R R N T

Yia= Nn-Nn'= [L.n] - Lo

After summing up equations (9) and
after adding nd; to the sums of right
and left parts, we obtain:

Ha+GrHg =+ttt ()

where:

n is the number of direclions
observed and &, 1s the correction
to the initial sight.

Using formulae (11) and taking into
account that, in each single round the
sum of corrections §j is equal to zero:

>.6,=0. (12)

The formula enabling to compute the
correction O, to the initial direction
observed in each round can now be
attained.

l L
5[ =_-ZU|J' (13)
nis
. After computing corrections 2,
%3 e ,U'ﬂ by formulae (10) and

the correction 8, to the initial direction
by formula (13) , corrections §j to all
the observed directions in a given
round could then be found with the use
of formulae (9):
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83'6] + U'J; (14)
6]]‘6] + Ul.n'

Corrections ) are to be computed for
all the directions observed in each
round.

It becomes possible to find the mean
square error averaged from all n
directions of a measurement having
unit weight:

(15)
where:

AR

is the sum of squares of
) computed with the use of all n
directions observed in all m
rounds, the number of redundant
measurements in this case is
equal to mn ~ (n-1+ m).

for the evaluation of accuracy of a
direction, the number of redundant
measurements js to be taken in n times
less than for all n directions taken
together. This means that in case of a
direction taken separately, the formula
enabling to compute the mean square
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error of a measurement having unit
weight, will look like follows:

DY
Y\ (m) 1)

Mean square error of each adjusted
direction (averaged from m rounds )
could be found from:

M= =\/m(;:—zl:)£?;~l) a7y

In Table 1 is given an example of
computation of mean square errors of
all observed directions with the use of
formula (17).

In our previous publication [3] another
formula enabling to calculate mean
square errors M, was deduced :

y =J(ﬂ-2)[vfu]-[vﬂ (18)

5 -

m(m-1)(n-1)(n-2)

The results of computations with the
use of formulae (17) and (18) for the

. example mentioned above, are shown

in Table 2.
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I1I. Conclusions

A new formula (17) deduced herein, is
much more simple than formula (18)
proposed earlier.

Moreover, it requires less
computations, specially when the
number of directions observed is great
( n > 6—9 ). For the same directions
both formulae give the same results,
which means that they are correct.
Since formula (17) is more convenient
and simple, it should be preferred in
practice.
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Table 2
Directions | 1 2 3 1 4
M by (17) 030" | 030" 0.35"

| M,by(18)

0.29"

020" | 037"

] 0.3¢4"
0.34”






