Q‘\}M Po 20
) %

i :

&
s

£ |

] (]

SACTAZ Geodesia et Descriptio Terrarum 4(2) 2005, 61-70

USING THE CONCEPT OF ENTROPY
IN THE DISPLACEMENT RESEARCH
OF THE POINTS OF A HORIZONTAL
GEODETIC NETWORK

Stawomir Gibowski
Uniwersytet Zielonogoérski

Abstract. The aim of objects monitoring, carried out by adga method, is to get any
information about the casual and effect relatiopshwhich occur around the examined
object. Application of a suitable measuring techeiqequires setting an advantageous
network structure, which has to meet both the d@rbf measuring economy and assure
the suitable characteristics of the determined matars accuracy. The advantageous
network structure may be obtained on the basislgfcng observations which contain
the largest information content. The measuremenutlt® of the chosen network elements
and the application of suitable methods of respitecessing enables to apply a correct
identification of points of a reference system, asda consequence, it also enables to de-
fine a correct model of the displacement. The psa& setting an advantageous linear
network structure on the basis of entropy of areolaional system was presented in the
paper.
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INTRODUCTION

The geodetic networks structure which is set temeine displacements should be
defined in the aspect of the advantageous chaistaterof estimated parameters accu-
racy and the minimalization of incurred costs sHoalso be taken into consideration.
The advantageous network structure may be obtaingtie basis of selecting an obse-
rvation that contains the largest information cohtdhe determined number of obse-
rvations is to come up to the required expectatibesause measurement of all possible
geometrical elements of the network is not an ogtisolution according to the entropy
definition. The paper presents the author’s deditens on an advantageous structure of
a linear measuring-controlling network which hagmbeetermined on the basis of the
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entropy of an observational system consisting aeolations which contain the largest
information content.

THE ENTROPY OF A GEODETIC OBSERVATIONAL SYSTEM

According to the accessible literature analysedhgyauthor of this paper the first
attempts of deliberations on the entropy, refertimggeodetic observational systems,
were made by Neuman [Neuman 1965], and they wexe guntinued by Gil [1997,
1999].

The random vector of an observatihr= (Il,lz,...,lm) can be burdened to some ex-
tent with indeterminacy which concerns its realuesl As a result of an observational
system adjustment the indeterminacy of observatieesor L = (Il,lz,...,lm) generates

the indeterminacy of estimat X = (%,,%,,...X,) parameters vectcX = (X, ,X,,...X, )

[Gil 1999]. The observational system is represerigdhe matrix of coefficients of
observation equations in the configuration:

all alz OOy aln
a a .o a

A= 21 22 2n m>n (1)
Ay Qe - A

where: m — the number of observations (testing)area
n — the number of unknowns.

The content of information of a single supernume@rservation written in the linie
the matrixA containing the following elements

B @11 @me12 v+ @mean ) 2)

to the general information of the whole system wdascribed by the formula [Neuman
1965]:

g(m n){1+trace[( AT A)_l(bTb)]}

4h=log, -
g(m+1,n) 1+ r:‘*“
I £
while
ofma)= """ el gleds )[W( )=l (@)
2

The symbols in the formulas (3) and (4) signify:
g j — matrixA element,
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B(% %) —beta function,
/‘(% —gamma function,
[LIJ(%) LIJ(%)] — V¥ Eulera function (logarithmic derivative of gammaétion).

As a result of an observation vectoadjustment, the component of parameters vector
estimator is to be also burdened to some extert wicertainty. The entropy of pa-

rameters vectoK assuming that the estimat X is known can be calculated on the
basis of the following formula [Neuman 1965]:

e DS

n %)
” £ del(AT
j=

where: m, —means a mean error a priori of a singular obsenvgmnm],

J, e . . :
£ =my =% —system sensitivity along the given axis of cooatts,
V4

J,— decentralization parameter,

A; — eigenvalue matri (AT A).
The base of logarithm in the formulas (3) and (#)olk equals 2, determines the unit of
information content which equals one bit.

THE CHARACTERISTICS OF A TESTING GEODETIC NETWORK

The geodetic network was set to carry out a rebeamahe stability of the earth dam
crone of an accumulation lake. The 252 segmentthsngmong the points in the ne-
twork, consisting of 30 controlling points located the earth dam crone according to
the project recommendation, were measured by ardistmeasuring instrument having
a nominal accuracm =+(3mm+2ppmx D). During the measurement, the examined

points located on the object were signalled byisnpplaced on a tripod.
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11l chamber

Fig. 1. The sketch of the arrangement of the gaif. measuring-controlling network
Rys. 1. Siérozmieszczenia punktéw sieci pomiarowo-kontrolnej

THE NETWORK STRUCTURE IN THE ASPECT OF ENTROPY

In the beginning of the research 252 length chamgae used to be calculated. The-
se length changes were defined by periodic measnerasults carried out during the
following years: 2002, 2003 and 2004. The obtailedyth differences resulted from
two measuring periods 2002-2003 and 2002-2004 wejested on the assumption of
the minimal limitation of the degrees of freedond aonstancy of the consecutive po-
ints and accurate directions which were observldsg& adjustments were carried out to
get the minimal value of the trace of variance-c@mrece matrix.

The minimal value of the trace of variance-covace@matrix was claimed to be the
base for the further research, the final netwoikigtchent within the minimal limitation
of the degrees of freedom, was carried out on #iseraption of constancy of the point
23 and the direction 23-6. As a result of this atipent, the following values
of mean errors of a singular observation were abthi mygy03 = 0,59 mm
Moz-04y= 0,61mm The observations adjustment done by the leasireqmethod was
to be applied on the assumption that the observaticors were in the inconformity
with a normal distribution. This was to be provedapplying a test of the compatibility
of corrections vector distributiol = (Vl,vz,...,vm) to a normal distribution. The stati-
sticsy? was used in the normality of distribution reseamsBuming that the classifica-
tion of random variables was done on the basisnad@ional selection of the classify-
ing cell length (the length of class range). Thakestion enabled to get the information
maximum in the cell according to the following farka [Brillouin 1969]:

s=[t+|n tr J 6)
s(s-1)

where: T — range of examined feature,
t — length of class range,
s —value of a classified variable.
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The valuek =t /s was a solution to this equation meant as an optiaber propor-
tion of the length of class range to the classifiadables value. As a result of this, the
set of testing data was divided into 63 class ranfjke calculated values of statistiés
for both periods, on the assumption of confidenexell p=0,95 equalled

XCoz-03) = 6482; X204y = 7199, while the quantile of a distribution equalled:

x? =7905. As a consequence, the tested theory on compatibilithe distribution of
coefficient of correction vector V with a normalkttibution was not rejected for both
periods. The sum of information conte[mh] of an observational system and the en-
tropy of parameters vectd (X) were calculated later in the research. The folhawi
results were obtaine[Ah] =52,75, Hy (X):40,20bit. The information content in the

individual observations was different and it depsthdn the assumptions which elimi-
nated the external network defect but the sum fofimation content of the whole obse-
rvational system was constant while the minimalitiations of the degrees of freedom
were chosen optionally. The information contenteach individual 252 observations
with a selecting procedure taken into account, prasented in the Figure 2.
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Fig. 2. The chart of information content in thdiindual observations
Rys. 2. Wykres zawarfoi informacji w poszczeg6lnych obserwacjach

The optimal network structure was determined onbthss of the calculated results
of entropy of parameters vect¥rand the trace ofariance-covariance matrixace
[ATA] with the increasing number of eliminated obs¢ioas. The changes of entropy
of parameters vectoK and the trace of variance-covariance matrix arg shm
of information content in the process of eliminatiof the successive observations
which contain the smallest information content hath periods, were presented in the
Figure 3.

The calculated results of entropy chandésg (X) of parameters vectof and the

value changes of the trace of variance-covarianagixnwere approximated by a quad-
ratic polynomial in order to evaluate their minimalues. These minimal values were
corresponding with the optimal network structureading to the taken assumption.
The compatibility of matching a polynomial with tbbtained data was characterised on

the basis of a curvilinear correlation coeffic R?. This coefficient was forming on the
level of R =098 for the entropy changes but for the changes afesaf variance-
covariance matrix, the described coefficient eqdhlappropriately for the individual
periods R(202_03) =097 and R(202_04) =095. As a result of the analysis 35 observa-
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tions were not classified. As a consequence, the @f information content
[Ah]:54,65bit and the entropy of parameters vech(X):BQBlbit were deter-

mined for the observational system which consiste2il7 observations.
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Fig. 3. The charts of entropy changes and thesra€ variance-covariance matrix depending on
the number of supernumerary observations

Rys. 3. Wykresy zmian entropiisladéw macierzy wariacyjno-kowariacyjnej w zatesci od
liczby obserwacji nadliczbowych

The reduced number of observations was again &djwgith the minimal limitation
of the degrees of freedom used earlier and asudt ref this the following characteris-

tics of accuracy were obtainiMgyy,_o = 0,57 Mmand My, =059Mm. It is

worth pointing out that the limitation of an obsatien which contained the relative
diminutive information content had an influence the rise of information content of
the whole observational system, which could be @noby the smaller value of entropy
of parameters vector, furthermore, the change efdharacteristics of the individual
observation accuracy, obtained from the adjustnveas, not observed either.

Entropy could be also defined as an average vglo€iinformation which in the ca-
se of a geodetic observational system meant thremntlecrease which was to fell on
the given supernumerary observation. Thereforedétermination of the system for the
assumed confidence level, and significancy level5, was to be realized on the con-

dition that the entropy riselH ¢ [X] calculated from the formula:
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_ao|09ao‘,30|09505AHk[X] (7)
was to take the value:
—for @y =090 (B, =010) 4H[X]|<0,4690bit] |,
—for @y =095 (B, =005) 4H ;[X]<0,2864bif] |
—foray =099 (B, =001) 4H[X]<0,0808bif] |,
—for @y =0999 (B, =000) 4H[X]<0,0114bit]

While analyzing a testing network, which consistdd217 observations, the number
‘n’of measurements was as followed:

—for ay =095 (B, =005) 4H[X]<0,2864bit], n=138
—for g =099 (B, =001 4H[x]<0,0808bit], n=195
—for ag =0999 (B, =000]) 4H ;[X]<0,0114bit], n=217

THE ALGORITHM OF DEFINING OF A REFERENCE SYSTEM

In order to define a reference system the next esdtvadjustment was done using
the full collected data and Moore-Penrose’s invevss applied, for the sake of non-
random character of a displacement, to set the sfadisplacements of all the network
points with the defined approximation. The geodstistem of observational equations
having a defined redundancy was to take the folgwiorm:

AX =L (8)
where:AOR™" — matrix of coefficients of the system of equaticosrection,

LOR™ - vector of absolute terms,
X OR" - vector of unknowns.

The decomposition SVD of matrik to the singular values was used to solve a system
(8) in the following form: [Kielbasinski, Schwetkcl1994]:

A=UzV'T (9)

where: U O R™™ — matrix of the column vectors,

V OR"" - matrixes of ortonormal vectors of eigen matAX A corresponding
to eigenvalues,

> OR™" — matrix of eigenvalues.

The shortest solutioX of a systemAX =L was being looked for among the whole
solutions X JR" and the following dependence was applied:

X =A'L (10)
where:
A* =VIUT OR"™™- pseudo inverse of matrix (Moore-Penrose’s inverse)
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The sorted lengths of apparent displacement veueters presented in the Figure 4.

Fig. 4. The sorted values of apparent displacements
Rys. 4. Uszeregowanie watd przemieszczepozornych

The designation of a reference system for the iddal periods was carried out on
the basis of the square increment of a norm ofections vector V taken from the suc-
cessive adjustments with the assumption of congtahthe rising number of network
points. The succession of fixed points was doneralieg to its rising value of the ap-
parent displacement. The criterion, of an iderdificn of a set of reference points, was
such an increment of a square norm of correcti@tiov, which did not overflow the

critical value AE, . This critical value was to take the following fioula [Gil 1995]:

2 1
JE, = —{mz + %] In{l— 09973 J (11)

where: m — means an error of a typical observation,
r — number of supernumerary observation
k — number of fixed points.

The results of the identification of the pointsaofeference system were shown in the
Figure 5. In this given case a reference systermtrasaa set of points characterized by
reciprocal constancy was defined with the probabgdi= 0,9973.

According to the taken actions the following pointsre classified into a set of ref-
erence points:

- the period 2002-2003: 8, 3, 26, 11, 30, 27, 121922,

— the period 2002-2004: 9, 8, 15, 22, 3, 4, 24, 1.

Therefore, the reference system in the intervatined was defined on the following
points: 1, 3, 8, 22 and 24. The model of a dispte# of the geodetic network points,
shown in the figure 6, was determined on the baSe defined reference system. The
displacements of network points were incorporaiimghe range 0,2-8,6 mm for the
period 2002-2003 and  0,8-5,9 mm for the peri68222004. The 13 points were dis-
placed in the period 2002-2003 and their displacemealue overflowed 2,5 multiplic-
ity of a mean error of the determination. In thei@d 2002-2004 the 19 points were
also displaced.
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Fig. 5. Identification of the points of a referersyestem based on the critical valdie,
Rys. 5. ldentyfikacja punktéw uktadu odniesienigpodstawie warti krytycznej AE,
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Fig. 6. Displacements of the measuring-controltegwork points
Rys. 6. Przemieszczenia punktéw sieci pomiarowatiodnej

CONCLUSIONS

The issue of entropy in the displacement researomé of the variant of optimaliza-
tion of the geodetic network structure. Accordinghe assumptions, observations with
the largest information content, are the most a&dein the process of defining a di-
splacement model. These observations have theslairgiuence on the entropy decre-
ase of the system. The observations system, se@rfcamation carriers, is the most
advantageous when their mutual position in the omessent space does not show a
large deflection from ortogonality. Such a systeakas getting advantageous characte-
ristics of the accuracy of estimated parametersiptes and mineralizes the incurred
costs in the technological process of a measuramgralling network.
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WYKORZYSTANIE POJ ECIA ENTROPII
W BADANIACH PRZEMIESZCZE N PUNKTOW
SIECI GEODEZYJNEJ POZIOMEJ]

Streszczenie.Celem monitoringu obiektéw prowadzonych metagodezyjn jest uzy-
skanie informacji o zwizkach przyczynowo-skutkowych zachadych w obebie bada-
nego obiektu. Zastosowanie oimnej techniki pomiarowej wymaga ustalenia korzggtn
struktury sieci spetniagej warunek ekonomiki pomiaru przy jednoczesnymepapeniu
odpowiedniej charakterystyki doktadiod wyznaczanych parametrow. Korzysstruktu-
re sieci mana uzyska na podstawie doboru obserwacji o najwmizej zawartéci infor-
macji. Wyniki pomiaréw wybranych elementéw siecabrzastosowanie odpowiednich
metod ich przetwarzania pozwala na prawidiadentyfikacg zbioru punktéw odniesie-
nia i sformutowanie poprawnego modelu przemieszc¥é artykule zostat opisany pro-
ces ustalenia korzystnej struktury sieci liniowajpodstawie entropii uktadu obserwacyj-
nego.

Stowa kluczowe sie¢ geodezyjna, entropia, informacja, uktad odniesigmizemieszczenia
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