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GNSS/LPS based Online Control and Alarm System (GOCA) 

- Weiterentwicklungen zum integrierten Geomonitoring mit 
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Geomonitoring

Geomonitoring of Processes   ïProcess-Chain

- Dataregistration (Sensornetworks, Data-Communication)

- Modeling (Process-/Discipline-specific, Interdisciplinary)

- Reporting (Visualisation, Protocols, GIS, Web)

- Reaction (Alarming, Countermeasurses)

Environmental Monitoring
Atmosphere, Pedosphere, Lithosphere, Hydrosphere

Natural Environment Manmade Objects
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ÅModeling
State Parametrization

by Sensordata

- Coordinates

-Displacements

- Physical Parameters 

ÅReporting
Numerical Protocols

Graphics

Web-GIS

ÅReaction / Alarm-

Management
- Critical States

- Predictions

- Sensor-Alarm

GOCA ïSystem und ïSoftware (HSKA) 
GOCA = GNSS/LPS based Online Control and Alarm System
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GOCA = GNSS/LPS based Online Control and Alarm System

Application Part I : Natural Environment
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GOCA Dam-Monitoring 

Projects Example

Monitoring of 

Dynamic Processes

FEM - Vibrations of Buildings

Statics & 

Dynamics

Monitoring of 

Slow Processes, v      0

FEM - Statics

GOCA-Project Robert 

Bosch Hospital Stuttgart, 

2011

GOCA = GNSS/LPS based Online Control and Alarm System

Application Part II : Structural Monitoring
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GOCA Data-Acquisition

Geomonitoring -

Chain Link 1
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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 Sensor-Nodes
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Any GNSS-Hardware ïRTK- or Nearonline RINEX-Mode

GOCA GNSS-Control Software + Communication-Boxes 
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GOCA-Sensordata-Modeling

Geodetic Geomonitoring 

Chain Link 2
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Deformationsanalysis ïSensor Integration by 

Geodetic Network Adjustment (Pelzer, 1970)

GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring   - Modeling as Chain-Link 2
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Targets of GOCA-Project and of 

the GOCA-Software and -System

¶Scaleable Online 3D Monitoring

- permanent or non-permanent -

using GNSS and LPS

¶Online 3D georeferencing of

object-point time series xO(t) in 

the datum (coordinate system) 

defined by the reference points 

xR as holding for a Classical 

Absolute Geodetic Deformation 

Network

¶Online Deformation Analysis

and forecasting based on the 

object point time series xO(t)

¶Integrated Deformation Analysis

Interfaces

¶Automatical Alarming

GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring   - Modeling as Chain-Link 2
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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-

GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring   - Modeling as Chain-Link 2
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GOCA-Software

Modeling

and

Scalability in Space

ÅPure GNSS Array

ÅPure LPS Array

ÅGNSS & LPS Array

ÅSeveral n Areas

ÅGNSS as Reference-Frame XR
ÅSpecial ca : n=1 Area

GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring   - Modeling as Chain-Link 2
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Geodeticobservation-relatedDeformationsanalysis  - Standards
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y = (xR; x0,1;x02) ïcoordinates x(t)

Discrete State-Parameters y

xo(t)      - Objectpoint Coordinatse

uo(t,xi)  - Objektpoint Displacements

Least-Squares Adjustment (L2-Norm)

GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring   - Modeling as Chain-Link 2
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Mathematical Model: Relation between the Observation Data (l) und 

Object State Parameters y. Stochastical Models Cl of the Observation 

Errors Ůat two general observation times  (epochs) t1 and t2
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Parameter- Estimation (after linearisation with approximative parameters y0)
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Result = State vector of Parameters y(t)

Approach:

Choice of the 

Estimation Principle: ( é )

GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring   - Modeling as Chain-Link 2


