RMZ - Materials and Geoenvironment, Vol. 53, No. 3, pp. 315-321, 2006

315

Assessment of surface deformation with simultaneous
adjustment with several epochs of leveling networks
by using nD relative pedaloid

Ocena deformacij-s simultano izravnavo ve¢ terminskih izmer
z nD relativnim pedaloidom
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Abstract: Relative error hyperellipsoid, 3D relative error pedaloid and 2D relative pedal

curve are discussed.

Izvleéek: V ¢lanku govori o 3D relativnem pedaloidu pogreskov in 2D relativni pedali.

Key words: Adjustment by parameter variation, nD relative error hyperellipsoid and hyperel-
lipsoid, 3D relative error ellipsoid, 2D relative ellipse.

Kljuéne besede: Posredna izravnava, nD relativni hiperelipsoid pogreskov in hiperelipsoid,
3D relativni elipsoid pogreskov, 2D relativni elipsoid.

INTRODUCTION

Consequence of underground extraction of
coal is surface alteration. Negative conse-
quences of mining are reflected above all
as ground deformation, field landslides,
formation of lakes, climate changes due to
alteration of landscape, influence on subter-
ranean waters and thermal springs, seismic
effects of subterranean blasting.

Ground subsidence is the most intensive
above extraction fields but can also be ob-
served on the edge fields. That is the reason
for planning local observation networks, by
which expanse of deformation can be deter-
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mined. Observation of networks is important
because of closeness of outbuildings and
other buildings.

With simultaneous adjustment of several
epochs of measurements, the field deforma-
tion can be determined.

THEORETICAL BASIS OF ADJUSTMENT
BY PARAMETER VARIATION IN
GEODETIC LEVELING NETWORK

Ultimate aim for adjustment of geodetic
networks are point coordinates. Definitive
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or most probable point coordinates can not
be obtained by direct mathematical process-
ing of measured quantities (angles, lengths,
height differences, etc.), they can be only
determined by process of adjustment. This
process is possible only if the number of
measured data is greater then necessarily
needed.

In the leveling network adjustment one point
with known absolute height should be given
(or assumed). This holds for adjustment by
parameter (height coordinate) variation.

In the adjustment there are three types of

quantities:

»  given quantities (constant values, which
don’t change by adjustment),

. measured quantities,

*  unknown quantities.

By adjustment unknown quantities are deter-
mined from given quantities through series
of measured quantities on condition that the
sum of squares of their residuals is minimal.
With observation equation coefficients a,
b,...u,, and absolute terms f. Coefficients are
partial derivatives of functional relation be-
tween given, measured and unknown quan-
tities. Their values depend on configuration
and size of network. Absolute terms can be
symbolically expressed as f, = approximate
— measured. Approximate values are com-
puted from approximate coordinates.

The adjustment is done considering:
viQ,'v=min or  v'Pv=min (,
v residuals,

Q, correlation matrix of measured quanti-

ties,
P  weight matrix of measured quantities.

Observation equations can be written in
matrix form:

Vi a, b u, x /i

Val_|% b, Uy |y + Ve

v, a b, - t f (b)
Or shortly:

v  vector of residuals,

A design matrix of observation equa-
tions,

X unknowns vector,

f  vector of absolute terms.

Coefficient matrix of normal equations N
reads:

v=A-x+f (©)

[paa] [pab] [pau
[pba] [ppe] - [pbu]

ua] Tpus] - [l

P =diag[p, p,

N=A"PA =

p 1] (e)

When measurements are of the same accu-
racy then P = pI, where I is unit matrix.
Vector of absolute terms of normal equa-
tions n:

par
b

[puf %)

n=A"Pf =
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Vector of unknowns is:

x=-N"n=—(ATPA ) A"Pf = —N"'ATPf

(2)
Then vector of residuals can be calculated:
v=A -x+f (h)
RELATIVE ERROR CURVE
Relative error curve does not depend on the network datum or coordinate origin.
nD relative hyperpedaloid and hyperellipsoid
Qh}perellipsoid in equation (9) can be written as product of unit matrix I, matrix O A
n,n
: ’ ' Qs Quwr [ 1
Qo= o |1 1] o I 4]
e Tl Rt 1 S S
- n:n ' - ’ 2n,2n | 2m2
- Qaﬁﬁs _QaE,SV i
n,n n,n T
= I _nIJ Q., -0 = Quss ~Qugr ~Quor +Quyy
L .2 > EESV 139424 L n.n n,n n,n n,n
’ 2n,n ’ ' (1)
But also:
Qiperetipsoia =1 -+ QA,@A_,& = 0 Esfhs Qiés,zy - Qiés,éy + Qié[/,ay
nn . : . : : .
n,n n,n (J)
or
Onene = Qe " Qesey =9z, 19k, s, ®)
And after addition:
QAIEA,@ - Qi‘isﬁs - 2Qi§s/-§V + Qi&V/&V (])
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3D relative pedaloid and ellipsoid

Figure 1. 3D relative ellipsoid
Slika 2. 3D relativni elipsoid

The elements of relative error ellipsoid Q... s are linear combination of matrix Q ele-
ments:

QAZAZ QAZA Y QAZAX

Qellip.mid sv =| Oazar  Oanay  Oamax |=

Q AZAX QA YAX QAXAX

stzs QzSyS QZSXS stzy QzSyV QZSXV 1 00
10 0 10 0] stys QYSYS QYSXS stz,, QYSY,, QYSXV 010
QZSXS QYSXS QXSXS QXSZV QXSY,, QXSXV 0 01
= O 1 0 - O 1 0 = = = = = =
stz,, QYSZV QXSZV Qz,,z,, QZ,,YV Qz,,XV 100
0 0 1 0 0 1

- QZSY,, QYSY,, QXSYV QZVY,, QYVY,, QYSXV -0 10

__QZSX,, QYSX,, QXSXV ] _QZVX,, QY,,XV QX,,XV It 100 1__ (m)
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After right multiplication:

QAZAZ QAZA Y QAZAX

Qellipsoid sv =| Osar  Oanar Oamax |=

QAZAX QA YAX QAXAX

stzs stys sz Xs stz,, szy,, stx,,
5 QZSYS QYSYS QYSXS - QYSZV QYSYV QYSXV
_QZSXS QYSXS QXSXS ] _QXSZV QYSXV QXSXV |
QZSZ,,. QYSYV QXSZV Qz,,z,,. Qz.,YV QZVXV
B sty,, QYSZV QXSYV - QZ,, ¥, nyy,, QYVX,,
i _Qz Xy st Xy Oy X | _Qz,,xr, nyx,, 0 XXy || (n)

Il
S O =
S = O
- o O
|
S O =
S = O
- o O

And after left multiplication:

Ourz Ossr Qumy | [Quzy Qs Qs |
Qellipsoid sv =| Oazar  Oansy  Oamax |= QZSYS QYSYS QYSXS -
Ouar Oanr - Qanax QZSXS QYSXS QXSXS J

ZQZSZV styl, + QYSZV QZSXV + QXSZV Qzl,z,, Qz,,y,, Qz,,xV
=| vz, + Oz, 20y, Orx, Qx| F| Dary Oiyy Oy,
QXSZV + QZSXV QXSYV + QYSXV 2QXSXV _Qz,,X,, QY,,XV QX,,XV (0)

Matrices in equation (15) are added up (or subtracted) and final value of matrix Qe,[,-l,s(,id s
is obtained:

QAZAZ QAZAY QAZAX
Qellipmid sv = QAZAY QAYAY QAYAX

QAZAX QAYAX QAXAX

stzs _2stzy +0,2, QZSYS _sty,, _QYSZV +QZVYV QZSXS _QZSXV _QXSZV +QZVXV
= stys _styy _stz,, +QZVYV QYSYS _ZQYSY,, +QYVYV QYSXS _QYSXV _QXSY,, +QY,,X,,
QZSXS _QZA.XV _QXA.Z,,, +QZVXV QYSXS _QYSXV _QXSYV +QYVXV QXSXA. _ZQXSX,, +QX,,X,,

)
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2d relative error pedaloid and ellipse

Figure 3. 2D relative pedaloid and ellipsoid
Slika 4. 2D relativni pedaloid in elipsoid

By the analogy of relative ellipsoid, relative error ellipse is:

Q ellipse SV =

_QAYAY QAYAX:| —
| Qs Qanax
QYS Y QYS X QYS Y, QYS Xy 10
1 0 -1 0:| QnyS QXSXS sty,/ QXSXV 0 1
01 0 —1) Oy, Ovy Dyy Dyy |-1 O
0 Ys Xy QXSXV QY,,XV QX,,XV 0 -1 Q)

_QAYAY QAYAX i| —

Q ipse sv =
e _QAYAX Oriax

[ QYsYs - QYSYV QYSXS - QXSYV QYSYV - QY,,Y,, QYSXV - QY,,XV 0 1
_QYSXS - QYSXV QXSXS - QXSXV QXSYV - QY,,X,,. QXSX,, - QX,, x, ||~ 1 0
0 -1 (I‘)

_ QAYAY QAYAX _
Qellipse N2 -
QAYAX QAXAX
_ Ory, =20ry, + Oy, Orox, =Oxen —Orx, Oy,
QYSXS - QYSXV - QXSY,, + QYVXV QXSXS - 2QXSXV + QXVXV
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For given point:

Q _ |:QAYAY Ouyax } _ Qn, Y, QYVXV
e S Ownx  Quaax Qy,,X,, QXVXV
®

SUMMARY

Multi epochs adjustment by parameter
variation is simple enough, besides that the
points subsidence is calculated directly. In
this article nD hyperpedaloid and hyperel-
lipsoid, error ellipse and error ellipsoid were
formulated.

Their execution was shown. Their character-
istic is that they do not depend on coordinate
origin.
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ZAKLJUCEK

Ocena deformacij s simultano izravnavo
ve terminskih izmer z nD relativnim
pedaloidom

Posredna izravnava vec terminskih izmer je
dokaj enostavna, poleg tega pa se ugrezke
izraCunava neposredno. V ¢lanku so pred-
stavljeni nD hiperpedaloid in hiperelipsoid,
elipsa pogreskov in elipsoid pogreskov.
Prikazana je bila njihova izpeljava. Zanje je
znacilno, da so neodvisni od koordinatnega
izhodisca.





