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6. The Nineteenth Century – Period of Topography Development 

During this period the method of dashed presentation of the lie of the land on 
the map was established. This method had several variants. One of them assumed, 
that to plasticise image the hatch of the slopes must be combined with shading, and 
dorsal lines must be characterized by bright color. Subsequent modification of the 
method began to illustrate the lie of the land using the system of shadows like on 
a photograph of the area of the side or oblique lighting. [3]. One can say, that these 
methods were an attempt to introduce three-dimensional images on map drawing, 
so in some sense the prototype of the Digital Terrain Model. 

This age also brings the ability to create topographic maps at larger scales us-
ing plane table and telescopic alidade. In reproducing of the color maps the use 
of color lithography and later offset printing began [3]. During this period, carto-
graphic projection of the German mathematician Carl Friedrich Gauss (cylindri-
cal, transverse and conformal) was developed. The author used it to calculate the 
results for the triangulation of Hanover. In the later years of the nineteenth century 
Louis Krüger improved this projection. The resulting projection is known today as 
the Gauss–Krüger and is also used nowadays [3].

The nineteenth century is mainly the period of the intensive development of 
thematic cartography. At that time, all kinds of thematic maps were created and the 
basic methods of cartographic presentation of content were developed. According 
to [10] during this period the level where it was possible to make large-scale studies 
especially geological and soil maps was reached. These maps had analog form.

7. The Twentieth Century as the Period  
of Development of Modern Techniques  
in the Geoinformation Environment 

In the century, a number of inventions improved the creation of maps. The 
methods of data collection to some cartographic studies changed. Electronic mea-
suring techniques in geodesy developed, a new branch of science was created – sat-
ellite geodesy based on GNSS satellite navigation systems. With the development 
of computer science, most cartographic works have been modernized. The time of 
data processing and preparation of maps, especially thematic maps was shortened. 
Collection of a vast amount of geospatial data on computers has contributed to the 
creation of full-fledged Geographic Information Systems (GIS). 

8. The Twenty-first Century – Geoinformation Society

In the twenty-first century geoinformation accompanies a man almost in ev-
eryday life (from car navigation to mobile telephony). Photogrammetry, the remote 
sensing, laser techniques (scanning) are developing. With more perfect software 
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A Review of Robust Estimation Methods 
Applied in Surveying

1. Introduction

Despite the continuous improvement of survey methods and advances made 
in survey equipment technology, the elimination of outliers still remains an issue 
today. When performing an adjustment one often assumes a very simple probability 
distribution of errors, such as a normal distribution. In classical statistics the correct-
ness of the results relies on the assumption, that the chosen errors distribution mod-
el is strictly true. This is, in fact, often not the case, as the large errors occur consider-
ably more often than the normal distribution would suggest. Even the high-quality 
samples analysed in astronomical research, containing several thousands of mea-
surements each, do not follow the normal probability distribution. Deviations from 
the model may occur due to e.g. blunders in measuring, incorrect point numbering, 
errors made during data copying etc. [12].

Although there exists a wide range of literature concerned with gross errors 
detection and elimination, this surveying problem is still being discussed. There are 
many so-called methods robust against the in uence of gross errors, which can gen-
erally be divided into two groups.

The  rst group includes methods based on the criteria of so-called robust esti-
mation. These methods minimise the in uence of the outlying observations on the 
 nal result of the computations by modifying of the observation weights.

The second of them consists of methods where results, obtained by the least 
squares adjustment are analysed with the use of statistical tests. In these methods an 
identi ed outlier is removed from the dataset. If multiple outliers occur, the iterative 
process of least squares adjustment is conducted and followed by tests. The observa-
tions suspected of gross errors are discarded from the dataset [1]. A few commonly 
used methods of these groups are presented below.

 * The Bronisław Markiewicz State Higher School of Technology and Economics in Jarosław, 
Institute of Technical Engineering, Poland


