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Abstract: The paper presents the results of research on the DiISTFA method (Displacements
and Strains using Transformation and Free Adjustment) for the determination of displace-
ment and strains of a surface determined in unstable reference systems. Additionally, cova-
riance matrices were introduced to assess the accuracy of estimation results. The theoretical
discussion includes an example of its application in a simulated, three-dimensional geodetic
network. The obtained results encourage further, more detailed analysis of real geodetic
networks.
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1. Introduction

The determination of the displacements and strains of engineering structures remains
a problem in a contemporary surveying engineering. In order to carry out such
measurements and to interpret the results, the problem of the correct positioning of
points of the geodetic network has to be solved. As a matter of principle, the points of
the network, at which measurements will be made are situated outside the zone affected
by the area being displaced and strained. In addition, before the control measurement
is performed the condition of the stability of the network points should be checked.
It may turn out from the test that all or some of the network points do not meet the
condition of stability of their position. Proposals for checking and solving the problem
have been presented by various authors (e.g. Chen et al., 1990). The stability of points
may be examined by the similarity transformation of displacement components d; with
the condition |d;| = min. Another method, used in full automatic monitoring of an
engineering object with a robotic total station (RTS) with automatic target recognition
and GPS observation, is the combined adjustment of both types of observations (Bond
et al., 2005). Other methods which involve statistical tests in the verification of stability
of network points have also been used in practical analyses.
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The significance of the problem is indicated by the works presented during in-
ternational symposia (Chrzanowski and Wilkins, 2006; Chrzanowski and Whitaker,
2008).

This paper presents a novel method of determining the displacement and strains
of the surface on an unstable base and an accuracy analysis of the adjustment results,
represented by covariance matrices. It develops further the issue discussed in pre-
vious papers (Kamiriski 2008a, 2008b). Considering the application of the method,
it has been named DiSTFA, (Displacements and Strains using Transformation and
Free Adjustment). DiSTFA can be used for both determination of displacement and
strains of the surface established in unstable reference systems, as well as in examining
the stability of geodetic network points.

The DiSTFA method derived for a 3D network is a further development of the
concept of vertical movements monitoring, presented by Wisniewski (1989).

Some numerical tests with simulated observations were used for presenting the
features of the method. It was assumed that the observations were performed by the GPS
positioning technique. The results provide encouragement for further, more detailed
research on real engineering objects.

2. The DiSTFA method

Discussions concerning the theoretical background of the DiSTFA method can be
found in the papers by Kaminski (2008a, 2008b). This paper presents the DiSTFA
method only in a form necessary for proper understanding of the issues raised in this
study.

Let us define a plane which is the reference surface for the measurements in the
assumed, local coordinate (X,Y,Z) system as Q (Fig. 1) (Kamiriski 2008 a, 2008b).

Measurements aiming to determine displacements and strains are performed at
certain known moments “;”, (=0, 1, 2, 3, ...) and referred (typically) to the original
measurement “j = 07 treated as input data. Control measurements (j =1, 2, 3, ...)
are determined by surfaces @ and corresponding plane ©’. Let us assume that .s",.’ is a
distance between any i point, (i = 1, 2, 3, ...) of irregular surface _G)f and a projection
of a point situated on an optimal surface. The vector s = [s%,s},s55]" can be identified
with a vector normal to ©Q/ plane determining the temporary location of this plane in
the unstable reference frame X/, Y/, Z/.

Let us further assume that observations of vector components AXff,{.’“', AY f’f‘AZ:’f‘
(i, k=1, 2, ..., m; m — number of observed points) were carried out using GPS.
Observation equations at the measurement moment “j” have thus the following form

(AX;xY = (AXPY +v!

ikay
(AY) = AYRY +v], k#i (1)

(AZ;pY = (AZZFY +v,







































