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ABSTRACT

The study presents a unified algorithm of determining the coexistence levels in any
system of linear equations. The coexistence levels can be determined both for the system
unknowns (or groups of) as well as for functions binding those unknowns (equations or
their groups). Because we deal with systems of linear equations also in geodetic
networks, the presented algorithm allows the determination of coexistence levels of
network points or observations made within that network. Due to the possibility of
grouping of unknowns and equations in the algorithm, there are no limitations of space
for the geodetic network. The functioning of the presented algorithm has been
illustrated by the example of a linear, horizontal geodetic network. Exemplary tasks
have also been shown, in which the coexistence levels can be helpful.

1. INTRODUCTION

If we examine any combination of connections of elements through other elements, so
for such network structure there exists a notion of distance between elements in
topological sense. Two elements of a given network structure can be connected directly,
but they can also be connected through other elements. A good measure of such distance
between elements is the so called coexistence level. It is a distance measure of two
elements of network structure along the shortest way, expressed in number of indirect
elements. In geodetic literature, this notion has been introduced in relation to geodetic
network by Prof. Adamczewski (Adamczewski 1971), who defined the coexistence level
of points. In the work (Proszynski, Kwasniak 2002), the notion of coexistence level of
observations in geodetic network has been introduced along with the algorithm for the
determination such levels basing on the codes assigned to observations.

In this paper, the notion of coexistence level has been related to any system of linear
equations, in which in subsequent equations the relations between unknowns are
written. Presented is a new unified algorithm for the determination of coexistence levels
of unknowns and coexistence levels of equations. Because the system of observation
equations in geodetic networks is also a system of linear equations, the presented
algorithm can also be used for the determination of coexistence levels of points or
observations within the network. The proposed algorithm is illustrated on numerical
example.
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2. UNIFIED ALGORITHM FOR DETERMINATION OF COEXISTENCE LEVELS

Let’s assume that we have given a system of linear equations:

a1,1X1” @12X2 - A1 3X3° 7 Ay X, =l
A 1X1- Ay3Xy - Ay3X3- - Ay y X, =1 @
A 1X1~ Ap2X2 " @y 3X37 7 Ay y Xy :lm

Each of those equations constitutes information about connections of the unknowns x;,
X2, .. 5 Xz We can say that trough the equations above, the space of unknowns is
connected with the space of information. We are interested in structure topology of
connections of those two spaces. To generalize the proposed algorithm, let’s assume the
possibility of grouping both of the unknowns, as well as equations and search for
connections among such groups.

The input data for the proposed algorithm are the coefficients of equation system,
presented as matrix A(mxn). Depending on our interests — coexistence levels of
unknowns (or their groups) or equations (or their groups), we submit matrix A for
processing according to the formulas below:

For coexistence levels of unknowns:

nS
0 for Y {A}; ;=0
{A ), = j=1 i=1,2,.,m s=1,..,p @)
ns
1 for 3 {A} ;>0
=1

where s is the number of unknown group, n, is the number of unknowns in the given
group and p is the number of groups.

For coexistence levels of equations:

nz
0 for 3 [{A};;[=0
j=1

{Ac}z,i =

i=1,2,...n z=1,..,q 3)
>0

nz
1 for ¥ [{A};
! J=1

where z is the number of equation group, n; is the number of equations in the given
group and ¢ is the number of groups.
Next we create matrix A, :
A = AIAC for the determination of coexistence levels of unknowns @)
"]A CAZ for the determination of coexistence levels of equations
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Matrix A, we transform into a binary form B:

0 for{A.}.=0
— b J | 1=
{B}l,_] - {1 for {A* }l’j >0 LJj 1, 2, e g W (5)

where w = p if we determine the coexistence levels of unknowns or w = ¢ when we
determine coexistence levels of equations.

Non-diagonal elements of matrix B with values equal to 1 show us pairs of unknowns
(or their groups) or pairs of equations (or their groups) remaining in the so called direct
coexistence, which means coexistence level r;; = 1. For i = j we deal with a special case,
where the given quantity remains in direct coexistence with itself (r;; = 0). This fact we
note in a table of coexistence levels when closing the determination of those levels. To
shorten the text, within the course of this paper we will use the notation
»unknown/equation” to point out the alternative of determining coexistence levels of
unknowns or equations.

To determine higher coexistence levels, we will use the property of the von Neumann
matrix series

(-P) ' =1+P+P?+P?+...= Y PF (6)
k=0

which is convergent with |P| <1.

Using the property mentioned above, the paper (Nowak, Nowak 2005) contains the way
of calculation of reliability matrix R. It has been also found that subsequent matrix
powers I- AA" characterize the influence of the given observation on another
observations within the geodetic network. This statement is confirmed by studies on
networks of different types and sizes, presented in (Kwasniak 2008), out of which it
results that the elements of matrix R can be approximated by use of an equipotential
function, of which the independent variable constitutes the coexistence level of
observations. A similar conclusion, but related to the dependence between points within
the geodetic network, as well as their coexistence levels has been presented in
(Adamczewski 1971).

The conclusions from above studies have been an inspiration for the elaboration of an
algorithm for the determination of higher coexistence levels than 1. Searching pairs of
unknowns/equations remaining in the second and higher coexistence levels, we calculate

the second term (and next) of the power series B (r = 2, 3, ...). New non-zero elements

of matrix B" (in comparison with elements of matrix B" _1) respond to the pairs of
unknowns/equations remaining in r coexistence level. We take this fact into account in

matrix B", simultaneously realizing modifications of elements according to the formula
below:

fi r=le =0 r-lge 50
8= EB“},-,,- f:: {{E“i;w md (BB, > ij=1,2,w  (])

We finish the determination of coexistence levels, if in matrix B” there are no more
elements with the value 0. The block diagram of algorithm for the determination of
coexistence levels is presented in Fig. 1.
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' Stop l

Fig. 1. Block diagram of the algorithm for determination of coexistence levels.

In practice there is often a need to determine the coexistence level for a specific pair of
unknowns/equations, though not necessarily for all. The algorithm above allows the
realization of such task as well. Let’s assume that we want to determine the coexistence
level between unknowns/equations having numbers i and j. After creation of matrix B,

we choose its line B;, (for r =1 it’s B=B"). The subsequent procedure is realized in a
loop and consists in verifying of condition{B?, }j =0. If this condition is fulfilled, than

the coexistence level of the chosen pair of unknowns/equations r; ; = r. Otherwise we
augment the currently determined coexistence level » =r + 1 and calculate as follows:

el &
ie ie
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A special case of a system of linear equations is a system of observation equations in
geodetic network, where the unknowns are the coordinates of points and the equations
respond to the observations. So the algorithm presented above can be used for

determination of coexistence points and observations in geodetic networks of any

space

dimension (leveling, two-dimensional and three-dimensional network). That’s why the
functioning of the proposed algorithm has been illustrated below on an example of the

linear geodetic network.

3. NUMERICAL EXAMPLE

In a linear network, as shown in Fig. 2, determine the coexistence levels for the points

and observations.

ot X pmp | ¥ [mj
1 55 15
2 100 60
3 95 130
4 45 170
5 40 110
6 20 60

6

Fig. 2. Two-dimensional network with linear observations and approximate coordinates

of points ((x) means number of observation).

Realization of the algorithm with the goal to determine coexistence levels of points:

1. Creation of a coefficient matrix A of observation equations (sequence of unknowns:

X1, Y1, X2, Y2, oo, X6, Yo):

-0.71 -0.71 0.71 0.71 0 0 0 0 0 0 0 0
0 0 0.07 -0.99 —-0.07 0.99 0 0 0 0 0 0
0 0 0 0 0.78 -0.62 —0.78 0.62 0 0 0 0
0 0 0 0 0 0 0.08 099 —0.08 —-0.99 0 0
A= 0 0 0 0 0 0 0 0 037 093 -037 -0.93
0.61 -0.79 0 0 0 0 0 0 0 0 -0.61 0.79
0 0 1 0 0 0 0 0 0 0 -1 0
0 0 0.77 -0.64 0 0 0 0 -0.77 0.64 0 0
| 0 0 0 0 094 0.34 0 0 -0.94 —0.34 0 0

2. Grouping of unknowns X; and Y; with transformation according to (2) into matrix A,

>
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3. Establishing according to (4) of matrix A, and transforming it according to (5) into a
binary form B:

O ek m m © D
— o
— D D ek

—O O O =
— e S ik
R S N )

4. Because B contains non-diagonal elements with value 0, we assume r = 2 an calculate
according to (7) matrix B2:

N bk e N D
ok kN

—N O N e -
ek DNk
DN ek ek kN
e DN DN ek

5. Because B? contains non-diagonal elements with value 0, we assume r = 3 and
calculate according to (7) matrix B3:

— —

B? =

DN ek ek ek N 9
ek kN

— DN DN ek
ek DN ek
DN ek ek ke N
e DN DN ek

6. Because B> does not contain any elements having value 0 anymore, we neutralize

diagonal elements of matrix B® and obtain finally a matrix of coexistence levels of
points K, :

N ke © ek N
N e O e N W
— O - DN

— DN D
S ek DN DN ek

]
—NRN -

Analogically we can determine the matrix of coexistence levels of observations K, .
In case if the goal of determination would be a coexistence level for a specific pair of
points, i.e. i =1, j = 4, than from matrix B we chose line i (r =1):

B,,=[1100 0 1]
If the j-element { B i-}j is zero, than r = 2 and this line we multiply according to (8) by

matrix B:
BL=[112021]
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Because ° Bf, }j =0, than r=3 and lineB%, we multiply by matrix B:

BL,=[112321]

This time * Bg, . =3, which means that the coexistence level of points 1 and 4 amounts
l j p

to ri4= 3.

Additionally, presented below is matrix A, as binary form of matrix A and matrix K, of
coexistence levels of observations for the analyzed network.

111100000000 012221112
001111000000 101222111
000011110000 210123221
000000111100 221012211
A,=[00000000T1T1T1°1 K,=|222101111
110000000011 123210122
0010000000T10 112211012
001100001100 112112101
(00001100110 0] 21111221 0]

4. SUMMARY

The algorithm presented in this paper for the determination of coexistence levels
between elements of one type in linear equation systems can be useful in topological
analysis of different type of network structures. The matrix K, and K, jointly
unequivocally describe the topology of analyzed network. Due of the possibility of
grouping of some unknowns, the analyzed network can be multidimensional. As shown
in the numerical example, this algorithm can be used for the determination of
coexistence levels both of points, as well as observations in geodetic networks. The
algorithm tolerates observation repetitions within a network and ignores the influence of
standardization of observation equations.

The coexistence levels of points determined by use of the proposed algorithm can be
useful during designing or accuracy analysis of large geodetic networks. While the
coexistence levels of observations can be used to accelerate the diagnostic process in
case, if the geodetic network contains numerous gross errors.

REFERENCES

Adamczewski Z., (1971) Nieliniowa analiza dokladnosci sieci geodezyjnej (Non-linear accuracy
analysis of geodetic network), Kwartalnik Naukowy PAN Geodezja I Kartografia, Nr 3,
t. XX str. 209-223.

Kwasniak M., (2008) Estimation of post-adjustment correlations between observations on the
basis of their topological coexistence in the network, Kwartalnik Naukowy PAN Geodezja
i Kartografia, Vol. 57, No. 2, str. 45-60.

Nowak E., Nowak J., (2005): Boundary properties of the reliability matrix, Reports on Geodesy
No. 3 (74), pp. 65-75.

Proszynski W., Kwasniak M., (2002): NiezawodnoS$¢ sieci geodezyjnych (Reliability of geodetic

networks), Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


