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Active Nodes/Sensors

- Collect data actively 
themselves and send it 
further through the network

Passive Nodes/Sensors

- Collect and send data based 
on an external sensor 
control

Geosensornetworks and Geomonitoring
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Standards an Developments in Geodetic Monitoring
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Mathematical Model: Relation between the Observation Data (l) und 

Object State Parameters y. Stochastical Models Cl of the Observation 

Errors ε at two general observation times  (epochs) t1 and t2
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ŷdyŷ 0 
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Result = State vector of Parameters y(t)

Approach:

Choice of the 

Estimation Principle: ( … )
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MONIKA

Software /

System



2nd International Workshop           Stuttgart of Stuttgart        Reiner Jäger, 22/23-03-2015

Absolute Deformation Network : Partitioning  into Stable Points xR und Object Points xO

Standards of Geodetic Monitoring (Deformationsanalysis)

FIG Commission 6 and Working Groups (~ 1975 - 2009)

Observation based geodetic monitoring
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Network Adjustment with all Measurements in epochs or intervals. Coordinates in the stable 

area xR identical in all epochs, object-point coordinates xO (t) time-dependent and changing

Observation based geodetic monitoring (GOCA)

GOCA

Software /

System

www.goca.info

Standards of 

Geodetic 

Monitoring 

(Deformationsa

nalysis)

FIG 

Commission 6 

and Working 

Groups (~ 1975 

- 2009)

http://www.goca.info/
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y = (xR; x0,1;x02) – Coordinates x(t)

Least Squares Adjustment

Discrete State Parameters y

xo(t)      - Object point coordinates

uo(t,xi)  - Object point displacements

Observation based geodetic monitoring (GOCA)
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Coordinate-related geodetic monitoring



2nd International Workshop           Stuttgart of Stuttgart        Reiner Jäger, 22/23-03-2015

Observation based geodetic monitoring
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GNSS-Reference-Stations-Coordinate MONItoring KA Model MONIKA

MONIKA

ITRF-embedded

Deformation

Analysis Concept

Epoch States

+ Geodyn. Trafo 

MONIKA Step 1/2

MONIKA

Free GNSS-network

Deformation

Analysis Concept
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Coordinate-related geodetic monitoring (MONIKA)

MONIKA

Software /System

www.monika.ag

http://www.monika,ag/
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Epoch States 

MONIKA Step 2

ili )t(,)t( Cl

Original GNSS observations
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Absolute Deformation Network 

Objectpoint-Displacments and 

Coordinate Related Appraoch

Coordinate-related geodetic monitoring (CODEKA1D/2D)
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Modeling Standards in Geodetic Monitoring (GOCA)

Adjustment – Step1: Initialization = Determination of Reference Points 

* Related additional Feature: Stastical Control of Stability of Referencepoints by 

means of Adjustment Techniques

Adjustment - Step 3 : GOCA - Deformationanalysis

Online Displacement  Estimation, Statistical Testing and Alarm Setting

Adjustment - Step 2: Continuous Adjustment of Object Point 

Positions in the Reference Point Datum and Visualization of 

Objectpoint Time Series in Graphical Window.

Online-Estimation of Displacement, Velocity and Acceleration based  on a 

Kalman-Filtering. Computation of Alarm Probability for each Object Point.

Online Moving Average Displacemets
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Virtual-GOCA Software

Generates Sensor Data 

in Geometry & Gravity Space for

GNSS, Totalstations and Leveling

Purposes:

„Proof-of-Concept“ of designed

projects and SW-Development

Modeling Standards in Geodetic Monitoring (GOCA)

„Network Planning, Analysis“

Proof-of-Concept, Sensitity Analyis



2nd International Workshop           Stuttgart of Stuttgart        Reiner Jäger, 22/23-03-2015

Trends

in

Geodetic Monitoring
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FIG Commission 6, Trend 1 - Integrated Deformation-Analysis 

- FEM Approaches -
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FIG Commission 6, Trend 1 - Integrated Deformation-Analysis 

– STATIC Approach and Sensor-Integration 
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Research Topic in „System Analysis“ or „Integrated Deformation Analysis“

General Vibration of a Structure in FEM Dynamics

)()()()()()()( tttt MCK fupMupCupK  

Eigenvibration of Structures in FEM Dynamics

K(pK) = Parametrized Stiffnessmatrix

C(pC) = Parametrized Damping-Matrix

M(pM) = Parametrized Mass-Matrix

f(t)      = External Nodal Point Force

0upMupCupK  )()()()()()( ttt MCK


FIG Commission 6, Trend 1 - Integrated Deformation-Analysis 

– DYNAMIC Approach and Sensor-Integration 



2nd International Workshop           Stuttgart of Stuttgart        Reiner Jäger, 22/23-03-2015

  Tb
zeb

b
yeb

b
xeb

eeeeeeeeeeee    z y xy p r  zyxz y xty s||||||)( ,,,  

„Marriage“/Integration of Geodetic Monitoring & Navigation-Algorithms/-Sensors

General Trend 2

– New Sensors of all kind and disciplines, 

including new geodetic sensors -

„Structural 
Health 

Monitoring“
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General Trend 2

– New Sensors of all kind and disciplines, 

including new geodetic sensors -

LASERSCANNERS e.g. Faro

TPS with CAMERA Sensors 

e.g. Leica TS11, TS15, TS50
Terrestrial LIDAR, e.g. Optech

Space-borne 

LIDAR

e.g. 

ESA 

Sentinel 
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General Trend 2

– New Sensors of all kind and disciplines, 

including new geodetic sensors -

Zenith Cameras

Geodynamic

Networks
Gravity Meters

Geodynamic

Networks

Plenoptic Cameras
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Parameter Estimation

in

Geodetic Monitoring

in 

Geometry & Gravity Space

Standards ?
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2D/1D Network Approaches

Network Unknowns

Parameters 

(N,E,h) or (N,E,H)
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Sensor Network Geometric Space - 1D/2D Parametrization
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Sensor Network Geometric Space - 1D/2D Parametrization
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Absolute Deformation Network y = (xR,xo(t))

Geodetic Network Adjustment

Standard Sensors l=l(x)

GPS/GNSS , Total Stations

Optical and Hydrostatic Levels Integration

Common Adjustment

of redundant sensor

observations l(x,t):

Unique set of 3D-coor

dinates per object

point and per epoch t
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Sensor Network Geometric Space - 1D/2D Parametrization
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3D Quasi-Integrated 

Geometry and Gravity Field

Approach

Network Unknowns / Parameters

Geocentric Cartesian Coordinates (x,y.z)

• Gravity Field W (Cnm,Snm) as

• „Auxiliary Stochatical Quantity“
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GNSS-Positions – necessary to be integated in „OPPP age“

and „GNSS/MEMS sensor fusion age“. 

Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach
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Useful for extended gemonitoring 

scenarios, e.g. large pipeline networks

Large Scale Pipeline 

Monitoring, Russian Federation
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Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach
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Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach

Total 

Stations

5 

unknowns 

per point
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Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach

As direct observations taken form W
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Hydrostatic Levels and Automatic Levels

--------------------

1 st Approach
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Geopotential-Model W (Cnm; Snm)

Quasigeoid-Theory of Molodenski

Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach
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Hydrostatic Levels

and

Automatic Levels

-----

2nd Approach

])cos()cos()sin())sin()cos()sin([()( yx eLBBeNeLBBeNhhHHH 22
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Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach
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Hydrostatic Levels

and

Automatic Levels

-----

3rd Approach

Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach

)ˆ(),,(ˆ pNFEMzyxhvH 

„DFHBF-like“

Implemented

for CERN

Network
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3D (Strict) Integrated 

Geometry and Gravity Field

Approach

Network Unknowns / Parameters 

• Geocentric Cartesian Coordinates(x,y.z)

• Gravity Field W by Parameters W (Cnm,Snm) 
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q0=90°

α0 =90° α 0  = arbitrary

Global

Spherical-

Harmonics

(SH)

Spherical Cap  Harmonics (SCHA)

SH „Resolution“ for „2mm QGeoid“

n=7200 and u =50.000.000 Coefficients

α = 1° (=110 km area) =>  k-SCH = 80 and   u = 6.400

3° (=330 km area) =>  k-SCH = 250 and   u= 62.500α =

α = 25° (Europe)          =>  k-SCH = 2000 and  u =4.000.000

5050k
90

n SCHSH .).,( 





Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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1. Treatment of Global Gravity Models – Example Baden-Württemberg
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„Mapping“ of Global 

SCH-Coefficients (e.g.

EGM 2008) (Cnm, Snm) 

to local

SCHA-Coefficients 

(Cnm‘, Snm‘)

1.1 3D-Grid Generation

Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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1.2 Computation of (Cnm,Snm)‘ from (Cnm,Snm) as Adjustment
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Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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Used Data - Input DFHBF 5.0

- 129 Fitting Points (B,L,h|H)

- 13671 Gravity Values (final)

- EGM2008 Global GPM 

mapped to SCH

Terrestrial Gravity Points g(B,L,h)

- Mean Residual: 0.0032 mGal

- 1031 gravity values eliminated in 

advance due to wrong georeferencing

- 269 blunders detected in DFHBF V. 5.0 

adjustment by datasnooping

2. Output DFHBF 5.0)

• SCH Degree (m,n(k)) = 300

Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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3. Vertical Deflections from Zenith Cameras (T = (V+Z) – U)
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2. Gravity Observations rotated to SCHA

1. SCHA-Coefficients computed from global SH as direct observations

Gravity-

Meter

Satellite

Missions

Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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Sensor Network Geometric Space 

– 3D Parametrization in Integrated Geometry and Gravity Approach
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4. Levelling: By Gepotential Numbers
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Sensor Network Geometric Space 

– 3D Parametrization in Integrated Approach

5. TPS
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6. GNSS-Positions and Baselines 

Sensor Network Geometric Space 

– 3D Parametrization in Q-Integrated Approach



















z

y

x

x
BaseRover

z

y

x

xxb 

























GNSS-Baselines

GNSS OPPP-Positions



2nd International Workshop           Stuttgart of Stuttgart        Reiner Jäger, 22/23-03-2015

Conclusions

Quasi-Integrated and Integrated 3D Geomonitoring Approaches

- 3D necessary for sensor and parameter integration

- 2D/1D will has to remain, e.g. for 1D subsidence geomonitoring

Integrated 3D Geometry & Gravity Space Adjustment in Geomonitoring

- Feasible based on Regional Spherical Cap Harmonics Coefficients (Cnm’,Snm’) 

- Integrates all relevant 

- Geometrical data

- Physical data (regional geodynamics networks)

Quasi-Integrated and Integrated Geometry & Gravity Space

- Model Standards not defined yet

- Model validation for possible with Virtual GOCA software

- Integrated Geometry & Gravity Space Model - all sensors (RaD stuff)

- Quasi-Integrated 3D model implemented in GOCA-software – most of all sensors

- Observation Equation of Integrated and Quasi-Integrated Modelling can be mixed up
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