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Geomonitoring

Environmental Monitoring
Atmosphere, Pedosphere, Lithosphere, Hydrosphere

Natural Environment Manmade Objects

Geomonitoring of Processes 1 Process-Chain

- Dataregistration (Sensornetworks, Data-Communication)
- Modeling (Process-/Discipline-specific, Interdisciplinary)
- Reporting (Visualisation, Protocols, GIS, Web)
- Reaction (Alarming, Countermeasurses)
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GOCA - System und ¥ Software (HSKA)
GOCA = GNSS/LPS based Online Control and Alarm System

Planning \ Modeling

VirtualGOCA /_’ b
Network A‘('I]ustment : Reporting : Alarming

: and
Data Deformation Analysis / GOCA-Earth / GOCA-Alarm
Collection

GOCA

GOCA-GNSS-Control MONIKA Data Transfer

GOCA-TPS-Control by local Connections and Internet (FTP)
| GOCA-Online-File-Transfer

AModeling AReporting AReaction / Alarm-
State Parametrization Numerical Protocols Management

by Sensordata Graphics - Critical States

- Coordinates Web-GIS - Predictions

Xg (t) X5 (1) - Sensor-Alarm
-Displacements

y(t) =[u(t), &), &t)]"

- Physical Parameters
Pk :Pc:Pwm

Sensor and Parameter- Integration
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GOCA = GNSS/LPS based Online Control and Alarm System
Application Part | : Natural Environment
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GOCA = GNSS/LPS based Online Control and Alarm System
Application Part Il : Structural Monitoring

Monitoring of Statics & Monitoring of

Slow Processes= O Dynamic Processes
FEM- Statlcs Dynamlcs FEM- Vibrations of Buildings
el S ) S R,

‘‘‘

| 7+ 208m

GOCA Dasllonitoring
Projects Example

GOCAProject Robert
Bosch Hospital Stuttgart,
2011

@00m
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GOCA DatAcquisition
Geomonitoring
Chain Link 1

R /4 | IX. Mittweidaer Talsperrentag, 14./15. Mai 2014 GOCA - Integriertes Gemonitoring Reiner Jager IAF/HSKA



Geosensornetworks and Sensor-Nodes

GeoSensor
Networks

WA VLA Srteber Done

.......

Active Nodes/Sensors Passive Nodes/Sensors

- Collect data actively - Collect and send data based
themselves and send it on an external sensor
further through the network control
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GOCA GNSS-Control Software + Communication-Boxes

Any GNSS-Hardware T RTK- or Nearonline RINEX-Mode
—o . S

7

§ |
LAN / WLAN | Internet

o , ’E
==
-GNSS-Control
' > GKA-Schmttstelle

Geomonitoringkette mit GOCA-GNSS-Control
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GOCASensordatdModeling
Geodetic Geomonitoring
Chain Link 2

y(t) =[u(t),&(t), tKt)]’
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2
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Deformationsanalysis i Sensor Integration by
Geodetic Network Adjustment (Pelzer, 1970)
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Targets of GOCA-Project and of
the GOCA-Software and -System

1 Scaleable Online 3D Monitoring
- permanent or non-permanent -
using GNSS and LPS

1 Online 3D georeferencing of
object-point time series Xg(t) in
the datum (coordinate system)
defined by the reference points
Xg as holding for a Classical
Absolute Geodetic Deformation
Network

9 Online Deformation Analysis
and forecasting based on the
object point time series X(t)

1 Integrated Deformation Analysis
Interfaces

Automatical Alarming y(t) = [u(t),lﬁ(t),ﬂ?(t)]T
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Absolute Deformation Network y = (xz,X,(t)) _
Geodetic Network Adjustment 1y () 1), do)]T|] COMMon  Adjustment

of redundant sensor

. observations I(x,t):

SEensor- Unique set of 3D-coor
Standard Sensors |=|()_() - dinates per object
GPS/GNSS , Total Stations Integration | point and per epoch t
Optical and Hydrostatic Levels

DHo, cpdt) +V = DﬁoIJ (1)

() +v= arctan%“)
5;(t) +v = (rﬁq/qoﬁﬁ+
DH; () +v = Dﬁ(t)+E®R

+ Edﬂ"Om“ + DEh @h
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2
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GOCA = GNSS/LPS based Onl

Ine Control and Alarm System

Geodetic Monitoring - Modeling as Chain-Link 2
GeodetiobservatiorrelatedDeformationsanalysis Standards

Y = (Xg; Xg1.Xp) T coordinates x(t)

(I1- 11y +vq = Ag s Gixg +Ap, @xpy +0@xp

(Io- 1o(y%) +vy = AR 2 @R +0Q@xg 7 +Ag, @Xg o

Least-Squares Adjustment (L2-Norm)
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2
ul | Discrete State-Parameters y

3 X,(t) - Objectpoint Coordinatse

Ul | uy(t,x;) - Objektpoint Displacements
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GOCA = GNSS/LPS based Online d Alarm System
Geodetic Monitoring - Mod hain-Link 2
Mathematical Model: Relation between the Observation Data (l) und
Object State Parameters y. Stochastical Models C, of the Observation

Errors Uat two general observation times (epochs)t, and t,

I(t)- e(t) = T(t) - Ci(ty)
I(t2) - e(t) = 1(¥(t2)) ; Ci(to)

Parameter- Estimation (after linearisation with approximative parameters y°)

1 1

Approach: Ar(¥)= Ar((C; 2 ) G- (C; 2@ - 1(yO));) =Min |gg
i=1 =1

Choice of the .1 > 1, o
Estimation Principle: r(Vi)_EVi ( r(Vi)—§|Vi|é r(Vi)_H

Result = State vector of Parameters y(t) E: y0 +dE
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