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Rigorous 3D Integrated Adjustment of GPS Baselines, 
Geodetic Total Station and Levelling Measurements

László Bányai

Preliminaries:

bank failure investigations in Dunaszekcso (from October 3, 2007)
combined GPS and levelling measurements
fast 8-10 m subsidence of the area (February 17, 2008 )
application of additional geodetic total station (GTS) measurement

3D integrated adjustment
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Legend:

concrete measuring pillar

direction of distant pillar

GPS standing point

GTS standing point

GPS and GTS standing point

(the points are connected by levelling at different areas) 
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Observables of 3D integrated adjustment
geodetic total station:
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Their derivatives with respect to SPQ , ςPQ , dPQ , ωP can be derived easily. 
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Observables of 3D  adjustment
GPS baseline components:
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Observables of 3D  adjustment
levelled height difference:
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orthometric difference
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u – geoid undulation

treated as „real” measurements
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Adjustment models (Mikhail 1967)

adjustment of observations 
and functionally 

independent parameters:
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adjustment of the 
indirect observations:
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v – residual of „real” measurements

vc       – residual of corrected measurements 

x – correction of the preliminary parameters

Q , P – weight coefficient and weight matrices
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Observation equation 
geodetic total station (traditional approach):
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Derivatives are given in:

Leick  (1995)

Strang & Borre (1997)

This approach is very sensitive to the 

preliminary coordinates !
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Observation equation 
geodetic total station (alternative approach):

b-xAv
c
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„quasy” linear 
observation equations

m – standing height of 

instrument and prism

σ0 – a priori standard 

deviation of unit weight

D – derivatives with respect to  d , ς , S measurements
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Observation equation 
GPS baseline components:

b-xAv
c
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Observable equation 
levelled height difference:

b-xAv
c

=

[ ]
[

]

[ ])((

z

y

x

z

y

x

ZhYhXh

ZhYhXh

00

P

P

P

Q

Q

PPQPPQPPQ

QPQQPQQPQ

QPQPPQ

Q

∆h

uu)hh∆H

///

///
v

−−−−−



























⋅∂∆∂∂∆∂∂∆∂

∂∆∂∂∆∂∂∆∂
=













 ++
=

=

2

0

222

2

0

22

0

22

0

2
/,/,/

σ

σσσ

σσσσσσ

∆

∆

PQ

QP

uuH

uuH

cQ

Q
Derivatives are given in:

Strang & Borre (1997)

(spherical approach)
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The adjustment procedure

Treatment of  gravity field data (ξ , η , 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 (α , β , γ ):

can be – neglected,

– handled as zero quantities with known standard deviations 

Estimation of GPS variance scale factor:

0

0

σ

σ̂
s = derived only from GPS baseline 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)
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Practical application in Dunacsekcső

σS   =  1 mm + 1 ppm         (Leica TC2003 total station)

σd = σς (equvivalent  with σS in the distance of the prism)

ξ = η = 0 , σξ = ση = 1” 

u                                    (is neglected – small area)

s = 10 – 25                  (experianced GPS variance scale)

σdH = 0.15 - 0.30 mm

σ0 = 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
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Practical application in Dunacsekcső
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Thank you for your attention !  
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