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ABSTRACT
The observations in geodetic networks are meagseetitively and in the network
adjustment step, the mean values of these origiosgrvations are used. The mean
operator is a kind of Least Square Estimation (LSEE provides optimal results
when random errors are normally distributed. If avfethe original repetitive
observations has outlier, the magnitude of thidiexutvill decrease because the
mean value of these original observations is ugsethé network adjustment and
outlier detection. In this case, the reliability tfe outlier detection methods
decreases, too. Since the original repetitive alagiens are independent, they can
be used in the adjustment model instead of thenatitig mean value of them. In
this study, to show the effects of the estimatirepmvalue of the original repetitive
observations, a leveling network that contains kmttward run and backward run
observations were simulated. Tests for outlier, étund Danish methods were
applied to two different cases. First, the meamneslof the original observations
(outward run and return run) were used; and thémradinal observations were
considered in the outlier detection. The reliaieititof the methods were measured
by Mean Succes Rate. According to the obtainedtseghe second case has more
reliable results than first case.
Keywords: Outlier Detection; Original Observations; Tests foutlier; Robust
Method; Reliability.
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RESUMO
As observacdes nas redes geodésicas sdo mediddiiv@mente, e na fase de
ajustamento, os valores médios destas observaggesms sdo usados. O operador
“média”, € um tipo de estimador de minimos quadsaficSE). O LSE oferece
resultados étimos quando os erros aleatérios sd@nahmente distribuidos. Se uma
das observacdes repetitivas originais tutlier, a magnitude destautlier diminui
porque o valor médio das observacdes originaisalaugo ajustamento da rede e
consequentemente, na deteccdooddier a confiabilidade do método também
diminui. Uma vez que as observacdes repetitivagirais sdo independentes, elas
proprias podem ser usadas no método de ajustaraentovés do valor médio
estimado. Neste estudo, para mostrar os efeitoyvallr médio estimado das
observagOes repetitivas originais, uma rede delamanto que contém ambas as
observacfes de ida e volta dos percursos foi sdaut@moutliers. Para testar a
deteccdo dos mesmos, os métodos Huber e Danigh fqgphcados em dois casos
diferentes. Primeiramente, os valores médios dasreacdes originais (de ida e de
volta) foram usados, e entdo todas as observagiigsais foram consideradas na
deteccdo domutliers A confiabilidade dos métodos foi medida pela cazi
sucesso médio. De acordo com os resultados catmuladsegundo caso teve
resultados mais confidveis do que o primeiro.
Palavras-chave: Deteccdo de Outliers; ObservagBes Originais; Tegem
Deteccao de Outliers; Método Robusto; Confiabilelad

1. INTRODUCTION

The geodetic networks (the leveling network, hamizb control network or
Global Navigation Satellite System (GNSS) netwoekke established and the
observations are measured at least two times tepdti Depending on the
different reasons i.e. based on environment or wEéention or equipment
conditions, some outliers may be occurred in thseolations. These outliers can
affect the estimated parameters and their variarszeshat these obtained wrong
results may cause wrong assumptions. Thereforeuthier in the observations must
be detected.There are two main approaches to detdlatr in Geodesy: Tests for
outlier (BAARDA 1968; POPE 1976) and robust metho@$UBER 1981,
HAMPEL et al. 1986; ROUSSEEUW and LERQY 1987; KOC$P9).

The least squares estimation (LSE) plays an impbriae for both Tests for
outlier and robust methods. It is very sensitivaiagt deviations of the model
assumptions (HAMPEL et al. 1986) and spreads tfectsf of the outliers on all
residuals (HEKIMOGLU et al. 2011). Each observationgeodetic networks is
measured at least two times repetitively, and thenmean value of them is taken.
The mean operator is a kind of the LSE. The magdgitf the outlier is smeared on
the residuals of the other observations from LS& therefore the outlier detection
methods sometimes arenot able to be succesful.did &vis effect, outlier analysis
must be based on the original (initial)observatibos example, in levelingnetwork;
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580 An outlier detection method in geodetic networksdshon...

a height difference is measured as outward runrauoin run. They are called here
as original observations.The mean value of thessiBnated and used for network
adjustmentt is known that the outward run;tand the return run;hare independent
from each other. If the outward run or the retwsrcontaminated, the half of the
outlier (A) arises in the mean valueq(i+ h;)/2+A/2). Since the outlierA) is
replaced byA/2 in the ordinary adjustment, detecting small ieutigets more
difficult. Therefore, each of the repetitive obs#ions should be used in the
ordinary adjustment model.

In order to measure the capacities of the outleecion method Hekimoglu
and Koch (1999) and (2000) proposed using the M&a@tess Rate (MSR)that is
the number of success divided by the number ofdts number of experiments in
the simulation study. In robust statistics, theakddwn point is also used to
measure the global capacity (i.e. reliability) dfetrobust methods(XU 2005;
YOUCAI 1995). The MSR has been used in regressimalyais (HEKIMOGLU
and KOCH 1999; HEKIMOGLU and KOCH 2000; HEKIMOGLWh@ BERBER
2003; HEKIMOGLU 2005) also in geodetic networks KEOGLU and
ERENOGLU 2007; ERENOGLU and HEKIMOGLU 2010; HEKIMQ@G et al.
2011; HEKIMOGLU and ERDOGAN 2013).

In this study, the effects of the estimating mealu® of the original repetitive
observations were investigated. A leveling netwitr&t consists outward runs and
return runs was simulated. The outliers that haddifferent magnitude intervals
were added to the observations and the contamiradiedrvations were obtained.
Tests for outlier and robust method were appliedhi&se contaminated working
samples. The MSRs of the methods were obtainedordieygy to the obtained
results the case that considers all original otsems in adjustment model has
more reliable results than the case that consittersmean value of the original
observations in the ordinary adjustment model.

2.LINEAR MODELS
The Gauss-Markov linear model for the geodetic neka is given as follows
(KOCH 1999):

1+v=Ag% C,=02P! (1)
% = (ATPA)*ATPI )
Q. = (ATPA)* ©)

Qu =P 71— AQA" (4)

wherel is the nx1 vector of observatiorss,is the ux1 parameter (unknown) vector,
A is the nxu coefficient matrix; is the residual vectoR is the diagonal nxn weight
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matrix, o2 is the variance with unit weigh€;; is the nxn covariance matrix of the
observationsQ,, is the cofactor matrix of the parameter vec@y, is the cofactor
matrix of the residual vector, n is the number lo$ervations and u is the number of
unknown parameters.

2.1 Testsfor Outlier

Outlier detection procedures were proposed by Baéifl68) and Pope (1976)
for geodesy. It is assumed that the outliers are i the observations; they are
called “bad” observations and their expectatiougas larger thanda
If an observation has an outliedl; the hypothesis

H,:8l; = 0 againstH;: §l; # 0 (5)

is tested. If the a priori variance of unit weigtjtis known, the normalized residual
is estimated to obtain test statistic as followke (tcovariance matrix of the
observations is diagonal):

[vil [vil
W- —_ — T — 6
: 0o+ Qvvi Opi ( )

Whereq,; is the in diagonal element d®.,. 6,; is the standard deviation of tHB i
residual.  Ifw; > z,_,/,, the i" observation is considered as an outlieris
generally chosen as 0.001 for Baarda'’s test (BAARDJ68).

If the a priori variance is not known, the studeedi residual are estimated by
using a posteriori varianag?. The test statistic of the Pope test-(test) is given
(POPE, 1976).

vil vl
7=l il 7
: 6'0\/qvvi Gyi ( )

If the level of significancen corresponds to all observations, the level of
significance for each observation mustdyn:

P(Ti < Cl—a,n,n—u) =1- a/n (8)

wherec;_g -y = Ti—q/n1n-u-1 @nda is generally chosen as 0.05 (KOCH 1999).
Baarda and Pope Tests in geodetic network aretiiteranethods. Only the
observation with the largest normalized or studemtiresidual is tested in one cycle
of the iterations. If this observation is rejectédis removed, and the remaining
observations are adjusted again. This procedurariged out until no more outliers
are detected (SCHWARZ and KOK, 1993).

2.2 Robust M ethods
The robust M-estimation, a generalized form of maxnlikelihood
estimation, was introduced by Huber (1964). Thenabrequation system of theM-
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582 An outlier detection method in geodetic networksdshon...

estimation is non-linear. To solve it, iterativelgweighted LSE is used (KOCH.
1999). The M-estimations of Huber and Danish methedre used in this paper
(KRARUP et al., 1980; HUBER, 1964).

R = (ATW, A)TATW, ] (9)
W, =PW(v®) k=1,2.. (10)
wW(vY) =E (11)
v = A%, —1 (12)

WhereE is the identity matrix, k is the number of itecats and c is the tuning
constant. For the first iteratiat is estimated from Eq(2). Then, for each iteration
step the diagonal elements of the weight mafii® are changed according to
related weight functioiw(vik); andg, and v, are recalculated for each step.

2.2.1 The M-Estimation of Huber

1 |yl <c
W) =1 jp|>ec (13)

[vil
k and c are chosen as 5 andcs}, 5espectively.
2.2.2 The M-Estimation of Danish

1 v <c

: 14
exp (=12 [yl > c a4

W) = {

k and c are chosen as 5 ando}, 5espectively.
If the residual that is estimated at the lashiien is greater than theg it is
detected as outlier; otherwise it is assumed ad gbservation.

3.MOTIVATION
The observations of geodetic networks are measuepdtitively and the

means values of these observations are used metiork adjustment and also for
the outlier detection. These repetitive observatiare independent, and if one of
them includes outlier its effect decreases depgndmthe computing mean value.
Moreover, the reliability of the outlier detectiamethod decreases. If the all original
observations are used in the outlier analyse, ifio¢.their mean value), the more
reliable results can be obtained.
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3.1 Leveling Network

At the leveling network the height differences aneasured as outward run
(ho)) and return run (). In the outlier detection step, the means ofdativard runs
and return runs are used and sometimes the efiétte outliers become smaller
and also they may disappear. Furthermore, LSE smbareffect of the outlier all
over the residuals of the other observations. Ifcae eliminate this effect, more
reliable results can be obtained. This situation ba realised by using original
observation without computing mean.

To investigate the effects of the using all origiodservations for outlier
detection, two leveling networks given in Figs. dda2 are considered. These
networks have the same observations. The netwegndn Fig.1 includes the mean
value of the outward run and return run. The anmslyghich is applied in this
network is called “classical approach”. The netwgiien in Fig. 2 includes all
original observations as outward run and return fitre analysis which is applied
in this network is called as “new approach”.

Each height differencejiih the Fig. 1 is a mean value of the outward ru) (h
and the return run (hin Fig.2, i.e. ke(hyi+h;)/2. Also, h; and i are independent
from each other. It is possible that the outwaml euthe return run or both of them
may be contaminated. If the outward run or therretun is contaminated, the half
of the outlier Q) arises in the mean valug{m/2).

Figure 1 - A leveling network that considers meatugs of the outward runs and
return runs.
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Figure 2 - A leveling network that considers botitveard runs and return runs.
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To prove the reliability of the new approach, tletworks given in Figs.1 and
2 were considered. The heights of six points wetgs100.000m, H=102.256m,
H;=105.246m, B=106.245m, B=104.946 m and £103.486 m,respectively. The
height differences that were not affected from manderrors k(i=1,2,..,13) and
then the height differences for outward rug)(lnd return run (Hwere computed.
To obtain the measurements of the height differenice random errors {e&and ¢)
were generated from a normal distribution. They eveidded to the height
differences. The precision was takenogs= 0,VS (o, = 1 mm/+/1 km) where S
was the length of the leveling line in km. For thassical approach the precisions of
the means of the original observations were esichand used. The lengths of the
leveling line for Figs. 1 and 2 varied between 0B and 1.9 km. Thus, the
measurements of the height differenceghh=1, 2,..., 13)were computed as

hoi = hOi + em-,i = 1,2, ,13 (15a)

hT‘i = hOi + en-,i = 1,2, ,13 (15b)
e;were 0.92, 0.21, -0.65, -1.01, 0.59, -0.47, 0.2871-1.55, -1.90, -1.91, -0.64, -
0.15 mm, andg; were 0.60, 1.52, -0.48, 0.10, -0.67, 0.36, -0.899, -0.26, 1.58,

0.83, -0.40, -0.69 mm. To generate one contaminaééght valueh;, the random
error g was replaced by the outlier;dis follows:
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Ei = hOi + dhl’,i = 1,2, ,13 (16)
In this section the following cases are tested:
I The observations do not include any outlier.
1. The outward run (3) is contaminated with +5mm magnitude.
M. The return run (§) is contaminated with -10 mm magnitude.
V. The outward run and return rungfland hy;) is contaminated with
+10mm magnitude.
V. The outward run and return run,gand hyg) is contaminated with -20

mm and +1000 mm magnitude, respectively.
To compare the new approach with classical apprdaehdifferent cases were
analysed. Table 1 and Table 2 show the outliers\vtleae detected by the classical

approach and the new approach, respectively.

Table 1 - The outliers detected by the methodshieiclassical approach.

Method Baarda Pope Danish Huber
Cases
I.Case - - - -
Il.Case - - - -
Il.Case h hy hy hy
IV.Case h - - hy h,
V.Case B- hy hs - hic hs - hio hs - hyo

For the first case,all methods didnot detect anjiesythey were successful

when the observations did not include outlier.

Table 2 - The outliers detected by the methods$hf®emew approach.

c Method Baarda Pope Danish Huber
ases
I.Case - - - -
Il.Case Rs hos hos hos
lll.Case Rz ho7 hy7 hy7
IV.Case R2-hr1a ho2-hraa ho2-hras ho2-hrs
V.Case Be - hao hoe - Mo hog - e hog - e

For the second case,the methods in the classigabagh did not detect the
outlier,whereas the methods in the new approactectt the outlier ()
successfully. In the classical approach the madaitf the outlier decreases, so that
the all methods are unsuccessful.
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For the third case, all methods that were usedéndassical approach and
new approach detected the true outlier.

For the fourth case, there were two outliers in dhservation. Baarda and
Huber's methods detected only one of them, Danisthad detected two outliers
and Pope’s test did not detect any outlier in atas@pproach. All methods in the
new approach was able to detect two outliers sstulbs

For the fifth case, there were two outliers andrtfagynitude of one of them was
very large. All methods are successful for thisecas

4. MONTE CARLO SIMULATION RESULTS

The success of the robust methods and Tests fteroate changed from one
sample to the other one where the random errorsliiezent (HEKIMOGLU and
KOCH, 1999; HEKIMOGLU and KOCH, 2000). The succedshe methods for
different samples may be different. Therefore, bbam the reliability of the new
approach 10 000 working samples were simulatedaswadlysed. For Monte Carlo
simulation the networks given in Figs. 1 and 2 waresidered.

4.1 Classical Approach

The random errors and the mesurements for outwardand return run (i.e.
the height differences) and outlier were generatedlone in above section. The
outlier was added only outward run or return rurhundered random error vectors
e were generated and then a hundered good samplevaieogenerated by adding
only random errors to the height differenchg)( In addition, for each sample was
contaminated by one and two outliers 100 times.sTHLO 000 contaminated
samples were obtained for one outlier and two exgtlseparately (HEKIMOGLU
and ERENOGLU, 2007; ERENOGLU and HEKIMOGLU, 201EKIMOGLU et
al., 2011; HEKIMOGLU and ERDOGAN, 2013).

The mean values of outward run and return runisfléveling network (Fig.1)
were firstly analyzed by employing the classicalprach with two main
approaches such as Tests for outlier and robushadst (Danish and Huber
methods) to decide whether observations includd&gpor not.

The MSRs and standard deviations of Tests foreyudihd robust methods are
given in Tables 3 and 4 is chosen 0.001 and 0.05 for Baarda and Popes tes
respectively. For Danish and Huber methods c ierteds 1.5. If the residuals that
are estimated at the last iteration of Danish amtbdd methods greater than the
threshold value, these residuals are consideredutiers.The threshold value is
chosen a8o;,. The magnitude intervals for outliers are chose®sa- 66 and & -
12.

The MSRs of all methods are very small for the nitagle interval betweena3
and & because the estimation of the mean value of odtwan and return run
decreases the magnitude of the outlier. The MSE3aoish method are greater than
other methods. The reliabilities of the classiggpraaches are not enough for the
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high precision estimations; the undetectable agtligffect badly the estimation

parameters and their standard deviations.

Table 3 - MSRs and standard deviations of the Tfestsutlier and robust methods
between 3 and & for the classical approach.

The number of Outliers g 1 2
Method 0) | (%) (%)
Baarda 100 1.1+2.1 0
Pope 95 12.9£15.5 0.3+1.3
Danish 100 11.546.5 1.1+1.7
Huber 100 2.0+2.7 0.1+0.3

Table 4 - MSRs and standard deviations of the Tfestsutlier and robust methods
between 6 and 12 for the classical approach.

The number of QOutlierg 1 2
Method (%) (%)
Baarda 62.1+10.9 27.349.0
Pope 68.1+24.8 5.316.1
Danish 83.6+8.0 62.8+11.1
Huber 68.1+9.4 41.8+9.0

4.2 The New Approach for Detection of Outlier

The outward run and return run of height differencare independent
measurements. They can be considered in the adjostmodel. All original
observations should be in the adjustment modethabthe smearing effect of the
mean operator can be removed. The height diffesermeel the outlier and the
random errors are exactlythe same as in the ctdsgiproach. The obtained MSRs

and standard deviations of the methods are giv@males 5 and 6.

Table 5 - MSRs and standard deviations of the Tfestsutlier and robust methods
between 8 and & for the new approach.

The number of Outliers g 1 2
Method (%) (%) (%)
Baarda 97 78.7£13.2 62.2+12.9
Pope 94 68.0+£23.0 32.9+26.6
Danish 88 80.4+26.7 72.5%24.1
Huber 91 81.1+20.4 70.5%£17.7
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Table 6- MSRs and standard deviations of the Testsutlier and robust methods
between 6 and 12 for the new approach.

The number of Outliers 1 2
Method (%) (%)
Baarda 97.2+14.2 97.4+12.4
Pope 94.8+419.3 | 93.7+17.1
Danish 87.9+29.4 88.2+27.4
Huber 92.1+22.0 91.8+19.9

The MSRs of the new approach are greater than tles of the classical
approach. There is a huge improvement for small lange magnitude intervals.
Since the original observations are consideretieradjustment model the smearing
effects of the estimation mean value is removedredeer, the Baarda, Pope,
Danish and Huber methods in the new approach carddtected the good
observations (Type | error) as outliers at thegaiBthe 3%, 6%, 12% and 9%,
respectively. It is a risk for outlier detection.

5. CONCLUSION

The observations in geodetic networks are measueetitively andthen the
means value of them are calculated and these \akiased in the adjustment
model. If the observations do not contain any eutlere is not any problem. If the
observations include at least one outlier, themsdue smears the outliers on the
other part of the observation. Therefore, the eutlinalysis must be based on the
original observations, not on the mean value ofmthéthe MSRs of the new
approach are compared with the MSRs of the cldsajmaroachit is clearly seen
that thereliabilities of the new approach are sigantly greater than the ones of the
classical approach. Moreover, if the observatioosdt have any outlier, Type |
error increase. Consequently, the original olzd@ns of a geodetic network
should be preferred for the outlier detection withasing any estimator before the
network adjustment to obtain more reliable results.

REFERENCES

BAARDA, W..A Testing Procedure for Use in Geoddtietworks,Publication on
Geodesy, New Series 2, nolSetherlands Geodetic Commission, Delft, 1968.

ERENOGLU, R. C.;HEKIMOGLU, S. Efficiency of Robubtethods and Tests for
Ouitliers for Geodetic Adjustment Modeliscta.Geod. Geoph.Hurgol.45(4):
426-439,2010.

HAMPEL, F.; RONCHETTI, E.; ROUSSEEUW, P.; STAHEL, .\\Robust
Statistics: The Approach Based on Influence Funstidohn Wiley and Sons,
New York,1986.

Bol. Ciénc. Geod., sec. Artigos, Curitiba, v. 203np.578-589, jul-set, 2014.



Erdogan, B. 589

HEKIMOGLU, S.;KOCH, K. R.How Can Reliability of th®obust Methods be
Measured?, inThird Turkish German Joint Geodetic Day#éltan and
Grinding (Eds), 1-4June,lIstanbul, Turkey, 179-1989.

HEKIMOGLU, S.; KOCH, K. R. How Can Reliability ohe Test for Outliers Be
Measured?, Allg. Vermes.Nachr. 107(7): 247-254,0200

HEKIMOGLU, S.; BERBER, M. Effectiveness of Robust eMods in
Heterogeneous Linear Modgllournal of Geodesy6: 706—713, 2003.

HEKIMOGLU, S. Do Robust Methods Identify Outliers ok Reliably Than
Conventional Test for Outli@Zeitschriftfir Vermessungwese2005/3, 174-
180, 2005.

HEKIMOGLU, S.; ERENOGLU, R. C. Effect of Heterosesticity and
Heterogeousness on Outlier Detection for Geodedwirks, Journal of
Geodesy81(2): 137-148, 2007.

HEKIMOGLU, S.; ERDOGAN, B.; ERENOGLU, R. C.HOSBASR. G.
Increasing the Efficacy of the Tests for Outlies Geodetic Networks,
Acta.Geod.Geoph. Hungt6(3):291-308, 2011.

HEKIMOGLU S.; ERDOGAN B.Application of Median-Equah Approach for
Outlier Detection in Geodetic NetworkBpletim de CienciasGeodesicasl.
19, Issue 4, pp. 548-557, 2013.

HUBER, P. J. Robust Estimation of a Location Pateménn Math StatisB5: 73—
101, 1964.

HUBER, P. JRobustSstatisticdohn Wiley and Sons. Inc., New York, 1981.

KOCH, K. R.Parameter Estimation and Hypothesis Testing in &indodels,2nd
Ed. Springer-Verlag, Berlin, 1999.

KRARUP, T.; JUHL, J.;KUBIK, K. Goétterdaemmerung ovéeast Squares
Adjustment, In Procedings 14th congress of int. soc.photd¢gmburg, 1980.

POPE, A. J. The Statistics of Residuals and theedein of Outliers,NOAA
Technical ReportNOS 65, NGS 1, Rockville, MD, 1976.

ROUSSEEUW, P. J.;LERQY, A. MRobust Regression and Outlier Detection
John Wiley and Sons, Inc., New York, 1987.

SCHWARZ, C. R,;KOK, J. J. Blunder Detection and &&nooping in LS and
Robust Adjustment,J. Surv. Eng119(4):128-136, 1993.

XU, P. L. Sign-Constrained Robust Least SquarebjeStive Breakdown Point and
the Effect of Weights of Observations on Robustndssirnal of Geodesy
79:146-159, 2005.

YOUCAI, H. On the Design of Estimators with HigheBkdown Points for Outlier
Identification in Triangulation Network8ull. Geod69:292 — 299, 1995.

(Recebido em janeiro de 2014. Aceito em abril d&420

Bol. Ciénc. Geod., sec. Artigos, Curitiba, v. 803, p.578-589, jul-set, 2014.



