114

tigations i m_October 3, 2007) ¥4
combined GPS and lev : ‘ %
fast 8-10 m subsidence of the area
application of additional geodetic total station (GTS) measurement

3D integrated adjustment

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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3 R S

GPS standing point

GTS standing point
= GPS and GTS standing point
(the points are connected by levelling at different areas)

FIG Working Week, Marrakech, Marokko, May 18-22 2011

FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011



Jreal” measurements
in astronomical
topocentric system
U

in ellipsoidal
topocentric system
U

— sin0.,, Cotg,, COSQ,, COtg,,

0 sina cosa

)

1 0 0

PO

d —direction

¢ — zenith angle

S  —slant distance

&, n— deflections of the vertical
a —azimuth

@  — orientation unknown

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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S T e

Cartesian
coordinate differences
in topocentric system
AX 5, =8, -SinG,, - cos(@, +d,,)
AYy, =8,,-8inG,, -sin(@, +d,,)

o =Spp"COSG

Cartesian
coordinate differences
In geocentric system

=—AX;, -sind, — AY, -sin@, -cos A, + AZ;, - cos@, -cos A, f
= AX;, -cosA,—AY;, -sing, -sin 4, + AZ;,, - cos@, -sin 4,
+AY, -cos@, +A4Z;, -sing,

Their derivatives with respect to Spy, Gpg » dpg , @Wp can be derived easily.

FIG Working Week, Marrakech, Marokko, May 18-22 2011

FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011
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GPS derived
baseline components
(may be)
differentially rotated

: corrected measurements *
(in ellipsoidal)
geocentric system
U

0 —AZy 1p AV, lp
AZ,, 1 0 —AX,, /1 p
—AY,, /p aX5,

formally introduced
a, B, y — differential rotations
treated as ,real” measurements

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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corrected measurements - real” measurement
in ellipsoidal system =, orthometric difference

u — geoid undulation
treated as ,real” measurements

FIG Working Week, Marrakech, Marokko, May 18-22 2011

FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011
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A

QW
7 9;

20
0 =

 =(BQB')'
=(A'P. A)'(A'P.b)
=QB'P.(A%-b)

N0, =(A'P,A) =N
~QB(P.-PAN'A'P)BQ
= Q-Qﬁ?

vPy
m-—n
v
vC
x

= v,
. 0.-
P
x
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Ax b

=(APA) (A'P.b)
v, =AXx-b

o 0.=(A'P.A)'=N"

20,;, =0.-AN'A’
% QQQ =0, 'Qﬁcﬁc
~ _ ViPy,

o, =
m—n

— residual of ,real” measurements

— residual of corrected measurements

— correction of the preliminary parameters
0 , P — weight coefficient and weight matrices

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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R

@y =@y

0

—| Spo ~Sro
0

S, =S

Q-(o}/0; . 0}10, 0! l0;

lo-ros]

od,,/dY, od,,/dZ, dd,,/oX,
o 96,7/0Y, 0¢,,/0Z, dg,, /X,
oS,,/9Y, 0S,,/9Z, 0S,,/dX,

HAS GERI Geodetic and Geophysical Research Institute, Sopron, Hungary

Derivatives are given in:

Leick (1995)

Strang & Borre (1997)

This approach is very sensitive to the
preliminary coordinates !

2) 2) 2) 2)
oil0,.0,/0;)

0, — a priori standard
deviation of unit weight

FIG Working Week, Marrakech, Marokko, May 18-22 2011

od,,/dY, od,,/dY,
d,,/9Y, 9g,,/0Z,
0S,,/9Y, 0S,,/0Z,

8/14

FIG Working Week 2011

Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011
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N\

Lquasy” linear
observation equations

0 04X,,/90,] |z,
-1 0 34Y,/3w, || x
0 -1 342,,/30,| |y,

t

0 0 0 0 0 0
AX =X, + X, —m,-cos @, -cos A, +m,-cos g, -cos 4,

- AY,,— Y, +Y/—m,-cosgy-sind, +m,-cose,-sin
0 0 H 0
AZ,,—Z, +Z,—m, sing,

-

& m — standing height of £
~ instrument and prism &

+m,-sin @,
—

0, — a priori standard
deviation of unit weight

D — derivatives with respect to d, ¢, S measurements

Q=(c}/0;.0./0; ,0!10, .0}10, 0,
0. =DBQ B'D'

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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W T

observation
AX,, —(X;—X7) |3 equations

| b - -1
AZPQ _(ZZ - Zg)

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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[9Ah,, /39X, 9Ah,, /dY, dAh,,/dZ,
dAh,, /X, dAh,,/dY, Ah,,/dZ, |-

.=

(o2 152 2 12 o2 o
0=(oy /0, ,0,10,,0,/0

: Derivativeé are given in:
oy +o, +o, Strang & Borre (1997)
0 = 2 (spherical approach)
0

FIG Working Week, Marrakech, Marokko, May 18-22 2011

-~ Treatment of gravity field data (£, n,u):
’ can be — neglected,
— used as corrections only,
— handled as zero quantities with known standard deviations
— handled as ,real” measurements (estimated by proper model
‘ together with their standard deviation).
% GPS baseline rotations («, 3, 7):
can be — neglected,
— handled as zero quantities with known standard deviations

e o

tion of GPS variance scale factor: :

derived only from G bs

eline adjustment at the first step

£

Datum definition:
— coordinates of selected group of banchmarks can be fixed, or
— their coordinate changes can be minimised (free network)

FIG Working Week, Marrakech, Marokko, May 18-22 2011

FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011
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= 1 mm + 1 ppm (Leica TC2003 total station)
=0, (equvivalent with oy in the distance of the prism)

= 77:0, 0',;:077:1”
(is neglected — small area)

=10-25 (experianced GPS variance scale)
Oy =0.15-0.30 mm

o, = 0.001

® Practical experiances:

— ,quasy” linear observation equations works
with pour preliminary coordinates, too

— levelling significantly improve
the precision of height components

— everage coordinate precision 0.2-0.5 mm

FIG Working Week, Marrakech, Marokko, May 18-22 2011
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Thank you for your attention !
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