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Abstract 

Survey measurements are subject to random, systematic and gross errors. In practice, it is assumed that 
measurements are random variables, follow the normal distribution and have redundancy. The method of least 
squares estimation (ESE) is commonly used to process the redundant measurements. In the presence of 
gross errors, the results of ordinary ESE are corrupted. Consequently, an interactive post-LSE technique 
of robustified LSE (RLSE) is introduced for the detection of multiple gross errors in uncorrelated 
surveying data. In RESE. the locations and magnitudes of such errors are recovered simultaneously, and 

their effect on the solution are areatlv reduced. 
 

1.0 INTRODUCTION 
Much of the surveyor's task involves the acquisition and analysis of survey measurements. Such measurements are 
subject to random, systematic and gross errors (Caspary, 1987; Halim, 1992). In practice, redundant measurements are 
made to provide quality control and check for errors. The method of least squares estimation (LSE), which 
minimizes the sum of the weighted squares of the residuals, is commonly used to process the redundant 
measurements and to obtain a unique solution. 

In principle, the method of LSE is valid without any assumption with respect to errors. However, in qualitative 
analysis and statistical evaluation of LSE results, it is generally assumed that the measurements contain only random 
errors and are regarded as random variables. These assumptions are important due to the high sensitivity of LSE to 
both systematic and gross errors (Halim, 1995a). 

In reality, the measurements may contain gross errors. The effects of such errors are distributed over the residuals, 
and lead to questionable results and interpretations. Erroneous measurements do not necessarily have large residuals, or 
vice versa. LSE alone is therefore not suitable for dealing with gross errors. 

For high precision applications such as deformation monitoring, gross errors need to be detected and localized, prior to 
deformation analysis. Whenever possible, gross errors should be tackled before LSE (i.e. pre-LSE). by means of 
screening and independent checks (Cooper, 1974, 1987; Secord, 1986). 

Gross errors that remain in the measurements can be detected after LSE (i.e. post-LSE) based on the techniques 
employing the analysis of residuals. Generally (actually not necessarily) large residuals will indicate erroneous 
measurements. Whenever such residuals are detected, the corresponding measurement is examined to find out if a 
gross error can be found. That measurement is then deleted or remeasured. 

The most popular post-LSE techniques for gross error detection in engineering surveying are Baarda's (data 
snooping), Pope's (Tau) and the Danish methods. Further details on this aspect are given by Cross and Price (1985), 
Caspary (1987), Chen et al (1987), Steeves and Fraser (1987), Kubik and Wang (1991), Gao et al (1992) and 
Schwarz and Kok (1993). 

This paper discusses and examines the modification of the Danish method for detection and localization of multiple 
gross errors in uncorrelated surveying data. The modified method is known as robustified LSE (RLSE) since it uses 
LSE and the effects of gross errors on the solutions are reduced. 


















