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Geomonitoring

Environmental Monitoring
Atmosphere, Pedosphere, Lithosphere, Hydrosphere

Natural Environment Manmade Objects

Geomonitoring of Processes — 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

° Modelln_g | * Reporting « Reaction / Alarm-
State Parametrization  Numerical Protocols Management

by Sensordata Graphics - Critical States
- Coordinates Web-GIS - Predictions

Xr(t) X0 (1) - Sensor-Alarm
-Displacements

y(t) = [u(t),u(t),u®)1’

- 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

P g i

oLty
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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, v= 0 Dynamic Processes
FEM - Statics Dyn amics FEM - Vibrations of Buildings
el S : == .

‘‘‘

| 7+ 208m

GOCA Dam-Monitoring
Projects Example

GOCA-Project Robert
€= pch Hospital Stuttgart,
2011

@00m
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GOCA Data-Acquisition
Geomonitoring -
Chain Link 1
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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 — 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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GOCA-Sensordata-Modeling
Geodetic Geomonitoring
Chain Link 2

y(t) =[u(t),u(t),u®)]’
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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 — 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

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

e 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

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

e Integrated Deformation Analysis
Interfaces

Automatical Alarming y(t) = [u(t),U(t),ij(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 —u(t) u(t),ic)]" || COMMon  Adjustment

of redundant sensor
. observations I(x,t):
Sensor-

— Unique set of 3D-coor
Standard Sensors I=I(x) ) ar ol
GPS_'/GNSS , Total Stat_lons Integration point and per epoch t
Optical and Hydrostatic Levels

AHO;; cpg(t) +V = Aliloij (t)

ARe; ps () +V = A Re;, (t) dumm—
Ah ij,GPS(t)+v:Aﬁ i

R(t)+v= arctan( )—o
AH,

s () +v=(h-JARZ + AFA2)!

AH;, (t)+v Ah (t)+A ARe; . +B-AHO i + Ay, - Ah

init
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

GOCA-Software
Modeling
and
Scalability in Space

* Pure GNSS Array

* Pure LPS Array

* GNSS & LPS Array

+ Several n Areas
* GNSS as Reference-Frame Xg
 Special ca: n=1Area

y(t) = [u(t),u(t),u®)1’

J ]
GNSS ; X
Area 1 5 S P . Area3d =
Parameter 1 4 Sy sfess - Parameter 3 2
— v g S i = ]
Y B[ e o A AN 4
e T | ' 5 A
'!" = “ o T
S e o
- \\ % A \i .
- D \ %
- Pt 3 -i\
GNSS & LPS B
: Local
GNSVS : Area 2 GOCA-Centre
Parameter 2 . GOCA
. Xr GNSS Xr )
il GNSS-Roverstation - Totalstation- Remote
T Observation GOCA-Center
GNSS-Referencestation GNSS-Baseline ~ .
; Further
Objects
ﬁ& Totalstation (LPS) @ Prism L gy —
- ] g_ﬁ? Modem
éé Radio link 1= Telofon
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Geodetic observation-related Deformationsanalysis - Standards

Y = (Xg; Xg1.Xo,) — coordinates x(t)

(-1 %) +vy = Agy-dxg +Ao; - Uxg1+0-dXg 2

(I —1o(y%) +vy = Ag 5 -dxg +0-dXg1 +Ag 5 -0Xg 2

Least-Squares Adjustment (L2-Norm)

dy = (ATc, A" AT (1-1y%)

x% +dxg

Y(ty,tp) = y? +dy = | x§; +dxo;

X%z +dX02

[ AT ~-1 T~-1 T~-1 ]
ARC| AR ‘ ARCI"Aor ARC1AQ»
Cy=| ALCI'AR | ALCIT A 0

T ~-1 T ~-1
_A02C| AR 0 Ap2C Aoz_

Discrete State-Parameters v
X,(t) - Objectpoint Coordinatse
u,(t,x;) - Objektpoint Displacements
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Mathematical Model: Relation between the Observation Data (l) und
Object State Parameters y. Stochastical Models C, of the Observation

Errors € at two general observation times (epochs) t; and t,

(t)—s(t) = T(y(t) - Cy(ty)
I(t2) - &(t) = T(¥(t2)) 5 Cilta)

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

1 1

n n ) L
Approach: 2 p(Vj) = _le( (C,2-A);-dy—(C, 2 (1-1(y°))); ) =Min |y

=1 I=
Choice of the R . 1 N EL R AR .
Estimation Principle: p(V;) :Evi ( p(Vi) =§|Vi |... p(vi)={‘2\_/i‘ v Vi >k )

Result = State vector of Parameters y(t) |¢=y° +dy
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Extended GMM for the Detection of instable reference points xg

Standard

Congruency of
Network between 2
different time spans |
and Il

Distortion of the
objects geometry

Extended GMM

Deformation
of a Reference Point

A Reference Point
® Object Point
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Extended GMM for the Detection of instable reference points xg

Standard GMM : Congruency of Network between 2 different time spans | and Il

Hypothesis: Stable Point i has moved between epoch | and epoch |l

OI
|+ V'=Ag -dxg +Aq - dX o +I(x°) + VXg.
_AVR,II_i
=A-dX+H(X°)+Ayg - VXR
AR Design-matrix of the stable reference-points
Aq Design-matrix of the moving object-points
I GPS/GNSS-baseline- or LPS-observations
v Residuals
Xprs X0 Adjusted Reference- and object-point-coordinates
X0 Approximate coordinates
dXxg, dXq Adjustment co-ordinate unknowns
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

Extended GMM for the Detection of instable reference points xg

Test for the detection of significant deformations Vj of i-th reference-point
All quantities can be related to the non-extended original GMM

T -1
HP V)A(Ri .QVXRi .VXRJ
Teststatistics T = ’ : ~ Fb "
b-& |
b Dimension of the network, b=2: plan, b=1:height
V., estimated deformation at the reference-point x
Xgl R
T -1
QVXR — (/A\R’i PQV F)/A\Ri ) Cofactor-Matrix of the deformation
&2 reduced a posteriori variance-factor
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

»Adjustment — Step1: Initialization = Determination of Reference Points

* Related additional Feature: Stastical Control of Stability of
Referencepoints by means of Adjustment Techniques

»Adjustment - Step 2: Continuous Adjustment of Object Point Positions in
the Reference Point Datum and Visualization of Objectpoint Time Series in

Graphical Window.
Xo(t) Cy(t)

> Adjustment - Step 3 : GOCA - Deformationanalysis

» Online Moving Average Displacemets

» Online Displacement Estimation, Statistical Testing and Alarm Setting

» Online-Estimation of Displacement, Velocity and Acceleration based on a
Kalman-Filtering. Computation of Alarm Probability for each Object Point.

y(t) =[u(®),u(), a1’

S9SS9201d |a|jeied se Buiuuny

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



GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring

rm GOCA - [Beginn: 8.1.2004 Ende: 19.7.2004]

Modeling as Chain-Link 2

_1oj x|
Projekt  Deformationsnetz  Datenaufzeichrung  Alarm Graphik  Ausgabe  Extras  Ansicht  Fenster  ? _|E|5|
O =& %EIBELIZEKE\ HEE MHEREEE 2 @ 1 &7
0.15%00 p —— — —( —( —( —( — — — — — — — — — — — — — — — — — — — — —
rFY
—PunktMr ——————— i
I s vI _;"-.l.lz'il i 'llll !
ﬂl Sengor: 2001 I - i L
- W= 5471352 266 T AL g 2N, i
= T= 2563418 450 — el i
S ||j ﬁ i H= 300.776 ﬂﬁ.ﬂé.ﬂ*! 04_03.04 l]1 04 l.'l4 "'Im;“_ 04 “:II!I"T'
' blhips . I ki |u1l'lrlmﬂ'll"l.“.1fl|ﬁl1l|
e |-4EI ﬁ mm
H: [0 :I mm - w500 — -
Dridcken Sie F1, um Hilfe 2u erhalten, | [ [ - [ o [

L2-Norm

0_404 m

= L1-Norm
- mrm e e
b =
ik =™ | 3= sesz7an. szl /-T\
Y= 2536103, 445
H: IU o | B a3, 008 10: 00
= 4 =\
o 11:00 1700
— Fixing
™ Fix Init Pasition k
g4 g o —m
Paint [ Fiefreshing Rate - —iew Wertical Extension Window Update T _— _— Ll— —_—
) Al & MinMax ' '
|4532 vl |1UD Seconds W ‘window Update
 Just the last |9 Datasets| | € Exact |00 mm Update | Help | —
& tin/Max
-
4| | [ ;e |5 Datasets| [ Exact 100 mm Update | Help |

GOCA Sieps 2 and Siep 3 MVE
Least Squares (L2-Norm) and Robust Estimation L1-Norm

IX. Mittweidaer Talsperrentag, 14./15. Mai 2014

GOCA - Integriertes Gemonitoring Reiner Jager IAF/HSKA



GOCA = GNSS/LPS based Online Control and Alarm System
x|

— General Settings — Adustment Settings

o GOCA - Stiep
M arne: IE'I E ztimation T ppe: -
L1 L2 7 Huber =
Object Points Corter Cii EET
gence Cnt. [L1, HuI:uer]_. 1000
2001 Online
100 — Statistical Settings
Errar Probability Plan Posz.: o] = Displacement
Error Probability Height: 5 5 Estimation
— Epoch Definition S ensitivity [ 95 3

* Epoch 1 = Initializiation
W Fppeh 1 = T — Settingz for Alert
£ Epach 1 = dynarmic Vv Alert in caze of Significance [4)

v Alert on exceeding crit. values [B)
Beqgin of dynamic ar fix Epoch 1: Plar: 3_ mm Priarity: .I—j

: - SRR e y——
Datnla. 19@1 2005 »| Time: |oooo == CE o Friori: | :I
Beqgin dvnmic Epoch 2 _ _
_ P—— v Alert only if & and B simultaneously match

Date:  [19.01.2005 «| Time 0000 ==
Duration of Epoch 1: |1 Hours @
Epoch-Cycle: 24 Hours @
DustonotEpoch2 [1— Houws g TR ] Conce
IX. Mittweidaer Talsperrentag, 14./15. Mai 2014 GOCA - Integriertes Gemonitoring Reiner Jager IAF/HSKA




GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2
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y(t) = (X,, u(t))’

GOCA Siep 3 — Online Displacement Estimation
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

GOCA Siep 3
Online Kalman-Filtering

u(t)
1.) u(t)

u(t)

}

2) 1) =0 w)

u(t—At)

u(t- At)} Cy ()¢t

U(t— At)

=) =Xo(t)—Xo(ty) G = Cxo (t) +Cxo (to)

gwParameter-integration* !

) Y(t) =[u(t), u(t), ut)]"

y(t) =[u@®)]’
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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 Online Control and Alarm System

Geodetic Monitoring

Modeling as Chain-Link 2

GOCA Siep 3
Online Kalman-Filtering

Prediction and Early Warning by “Simple” Kalman-Filtering

Using the system equation

X(t) =

ity
ii(t)

uft)

on
] |38 || -ty

0
0

I
0

| ]
l

it — At)
Ut — At)

to predict from a present state u(t - at) the future crtical state.
uit)=u,. provides the early warning ime At .
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GOCA-Sensordata-Modeling
Geodetic Geomonitoring
Chain Link 3
»Reporting*
and
Chain Link 4
»~<Alarmmanagement
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Reporting as Chain-Link 3

= Google Earth

Datei Bearbeiten Ansicht Tools Hinzufigen Hilfe

@ &% | gse | ] 2DBQ6

5000 (Object point)

[ awjnDl:.UlDDnDc: |

Summary MVE + FIN
Initialization MVE FIN

Easting 3338323.71910 -- 3338323.71550
-0.00360

Horthing 5467519.26160 -- 5467519.26510
0.00350

Elevation 209.42550 -- 209.43900

Shift -- -- 0.01350
Summary Kalmanfilter
Easting Horthing Elevation
Shift [m]
critical [m]

Speed [m/d]
critical [m/d]
Acceleration [m/d?]

critical [m/d?]

Summary SHT

| Wegheschreibung: Nach hier - ¥

-
0 Planning
Zolger Lat 49.345594° " ilon. 6,829 VirtualGOCA

Modeling
by Sichthéhe 1.39.km
: Network AdJustment N\ Reporting N\ Alarming

Data Deformation Analysis / GOCA-Earth / GOCA-Alarm
Collection cocA

MONIKA Data Transfer
by lecal Connections and Internet (FTP)
GOCA-Online-File-Transfer

GOCA-GNSS-Control

GOCA-TPS-Control
| —_—
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Modeling as Chain-Link 2

 Numerical Results of GOCA - Displacment-Estimation

Ergebnis der Verschiebungsschatzung:
Zeit = 26.06.2003 00:59:00

Zeit = 26.06.2003 00:59:00

Zeit 26.06.2003 00:59:00

Rechts

TRechts
Kritischer Wert
Genauigkeit
Konfidenzbereich =
Sensitivitatsbereich=

Hoch

THoch
Kritischer Wert
Genauigkeit
Konfidenzbereich =
Sensitivitatsbereich=

Hoehe =
THoehe
Kritischer Wert
Genauigkeit
Konfidenzbereich =
Sensitivitatsbereich=

*** signifikant

-0.0007
1.3
3.3
0.00055
0.00183
0.00255

-0.0011
1.3
3.3
0.00080
0.00265
0.00368

-0.0048
3.7
3.3
0.00130
0.00433
0.00601
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Alarmmanagement as Chain-Link 4

@ GOCA-Alarm

Einstellungen | Alarm-Blitzer | Alarm-eMail  Alarm-5hS I _
Einstellungen IAlarm-BIitzer Alarm-eMail | Alam-SMS |
™ SMS de-/aktivieren
~ Alarmdatei

- SMS-Alarmzugehorigkeiten definieren

Person/Organistion: Alarmtyp: IC:\GUCA.aIr Offhen |

|Hans Meier | |OnlineMvedve |

Ol cealve : Alarm hinzufiigen - Adressbuch

—_— Name I Handynhummer I eMailadresse I N
HansMeier 01761234567 e
Alarm entfernen | Peter Muiller 01767654321
| Loschen

- Anbieter - TR

SmsTrade.de L] iﬁoute: |gold Bearbeiten

Testhandynr: I | Key: I

Yerbindungstest I Bestatigen — Sprachen — zusatzliche Alarme
- N—llg , Alarme definieren
N =
aktivieren l Beenden | (bernehmen
aklivieren Beenden (bernehmen J
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - Alarmmanagement as Chain-Link 4

LS (4))

GOCA-Alarm aktiv... A=l

End alerting

GOCA ALARM, 2511.2010 07:41:15, Senzor; P2, OnlineMvelve, Werschic

£ >
ARRRRERRNRERNRNERAREERRNERRNRRRRNREDE
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GOCA = GNSS/LPS based Online Control and Alarm System

Virtual-GOCA

Modeling
Hetwork:y:]usﬁnent \ Reporting \ Alarming
Deformation Analysis / GOCA-Earth / GOCA-Alarm
GOCA
MONIKA Data Transfer

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

Reiner Jager IAF/HSKA




Virtual GOCA - Sensordata-Generation
3D-Integrated Geodesy

GNSS-Baselines

i
b= Ay — XRover _XBase
Stochastic (op /(M +h))? 0 0
Mod_el — Covariane- C, =F- 0 (og /(N + h)-cosB)®> 0 |-F'
Matrix of 2
. 0 0 o
Baselinevectors b

—(M+h)-sinB-cosL —(N+h)-cosB-sinL cosB-cosL
F= —(M+h)-sinB-sinL  (N+h)-cosB-cosL cosB-sinL
(M+h)-cosB 0 sinB
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Virtual GOCA - Sensordata-Generation
3D-Integrated Geodesy

CAY ECEF 0 LAV,i 0] LAV, ]
LAV,i T
i =DileiAi)-| Ay + |0 +Dj(9i,%i)-Dj(@j.2j) -0
_Az_ij -1 1]
_ —COSA-SIN@ —SinA-Sing COSE
M _Au_LAV’I i | TPS DQAV: —sin +COSA 0
LAV _ 1 Ay | 1 Total- COSA-COS@  SinA-cose sing
! =F} stationen
B ".““**J ial- .
| AW ; v - Geopotenzial-Modell W (Cp; Snm)

Sjj = \/Au2 + AV + Aw?  Strecke

AV :
fjj :arctan(A—u)—oi Richtung

2 2 y
A A S
Zjj =arctan(\/ 4 Tav ) !

_ . k . .
—Aw R Zenitdistanz

¢ =arctan Z

g owg

180" 270° OI' 90 180°

Wy,
arctan(—=>)
W
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Virtual GOCA - Sensordata-Generation
3D-Integrated Geodesy

Hydrostatic Levels
and
Automatic Levels

paraieien 2V

opo Bezugssiipsdid

-90" = " T - el
180 270" o 90’ 180

— ———
-50

0 50

Geopotential-Model W (C,,,;; Sym)

AHjj = Hi—Hi = (h; ~Nj) —Ni):<hj—[‘W‘U)P] )~ (h; —((W‘”)PJ )
Q) Q)

Quasigeoid-Theory of MolodenskKi
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Virtual GOCA - Planing of Deformationscenarios

GNSS/LPS Geomonitorin

P i

-~

Virtual GOCA-Software Example

Rover3%-4

N SRl L

g-Networ ,,Gotthard-Tunnel Massiv* with

Hydropower-Lakes Curnera (left), Nalps (top) and Santa Maria (right)
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Virtual GOCA - Sensor-Data Generation

Virtual GOCA-Software Example - Sensordesign

‘Qg\ /
w.. Cu‘rTPS1 'Q.;,

"&a

. ,ﬂi
B\ ¥

% I s o~ StMP3 VtMP&
NalP5 p= \
i -
‘L.Ai ! s - v o Q’[ ; \ f ,&tMP?
o0 Clral ' S NS =

Image © 010F(D|g|tal(:loba

\\‘\\»:«\

| ' StMR 11

GOCA - Integriertes Gemonitoring Reiner Jager IAF/HSKA

Nal




Virtual GOCA - Sensor-Data Generation

VIRTUAL GOCA M% u thualGi)CA Software)/?
fE———— = g

v 2.) Realtime GNSS&TPS Data Generation
X" (GKA-Format) in Geometry and Gravity Space

00— — — e

Sengor: P5

modut planowania 3D

¥=32324944.112
H= -17.889

L ‘I\]Hh(um | 11,;!;‘|||l||l.||.|',,,1\|||.l|l' ]‘h LIw"“' l :,.;_.h"ll.l\ M “ddll“ HH
¥ ”"‘I']"IM |a."'

1 \II| 2 09 ” M i |1‘ I'|r I| I| |1'| llll llll

Komponent systemu GOCA pozwalajacy na

sprawdzenie poprawnosci rozlokowania sensorow - w
€+0n!'-—— - —— - — — — — —-

VirtualGOCA Software S_o_ftware: Ar_ray Des_ign Plan_ing, Accuracy & Sensi_-
. . tivity Analysis! A priori Quality Assurance for Moni-
1) V'rtl_Jal Monltqung_Arrgy toring Concepts and Arrays! Efficient Monitoring
Generation and Visualisation Software Development & Evaluation! No costs for
using GoogleEarth® Physical Test Arrays. SW Benchmarktest! ...)

przyjaznym srodowisku 3D Google Earth.
I 3.) GKA- Data Processing & Analysis‘ with GOCA-
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis

Geodetic Monitoring — Interdisciplinary Contributions

l

Deskriptive Models

System Analysis

"(Geometrical
Deformation Analysis”

| }
Standards Kinematic
(Congruency, Models
Displacements, (Simple Kalman
otrain, etc.) Filter)

v v

Jager/Kalber, 2001
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Integrated Deformation-Analysis

,Virtual Sensor Models*

,Complex Deformation Models*
(old name)

.Parameter-integration“ !

y(t) =[u(t),ut),u(t)]’ =esp [f(t) or p(t)]
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - GOCA-Virtual-Sensor Modeling

General observation input l(t) for virtual sensors

"I(t)"=: [x(t),w(t),u(t),u(t)]" and covariance matrix C,
= Basic state vector and stochastical model of a geodetic monitoring

1.) “Virtual Sensor’” / Complex Deformation Model as Forward Computation

f= f(l(t)) - n-dimensional function, with

GOCA
of
F=l.7r-land C; =F.C.F' u Yirtual

| Sensor
Models*

Significance test for the T based on the following n-dimensional Fisher test
T -1
_ (F-E(f)) -G (f—(E(f))

! n ~Foe < ¢(0) (.,.Comnplex

Deformation
2.) “Virtual Sensorl’” as parameter- estimation with parameters p e —
) Modeling®)
Functional model: |(t)+ V= |(|3)
Stochastical model: C,
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GOCA = GNSS/LPS based Online Control and Alarm System
Geodetic Monitoring - GOCA-Virtual-Sensor Modeling

Fault- Modeling

Torsion
Modeling

] ™
Dot Crivbrgm Cuten Qeedvurgm (poden Adometsennyg Aogot |
D@ %X/ 123 hoen o

L] Epoche 1 vem 10812005 SR00:00 by 11,01.2005 235959

LooxParmnonhrgm
e [ 1] A0
o
/"Ii‘“‘>1 ";4 o
N

[ayse4OM

‘ "’"‘rm&\

f
[ Ao

u

/ -
. e \%\ s1Ga

Geodynarnic Modeling
www.monika.aq

|x(t,)mz_‘] =(1+Am)-R(e,.8,.8,) Xt )rregy +t]

I:(tz)rm;n tp = ¥(t)msse o+ R+ ) x(t) e o +Eh+ Rogy 3C)meg o)) 2 -t
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GOCA = GNSS/LPS based Online Control and Alarm System

Geodetic Monitoring

GOCA

5, Virtual
Sensor
Models*®

e.0.

Subsidence

Surfaces

GOCA
Kremlin
Project

Projekt: Monitoring des Moskauer Kreml

Das “Gepdatische Monitoring des Moskausr Kreml™ ist ein gemeinsames Projekt
des am Institut fir Angewandte Forschung (lAF) der Hochschule Kadsmuhe
(HSKA) angesedelten GOCA-Projekts, des Instituts fiir Geodynamik der
Moscow Siate University of Cartography and Geodesy (MIGAIK) und der
Moskauer Fima GfK. Mit der GOCA-Software und dem im Rahmen einer
Masterthess  entwickeften  Modul  GOCA-Virual-Sensor  erolgte die
Deformationsanalyse wnd  Visualisierung der bis in  die jingere Zeit
hineinreichenden historischen Mivellementdaten unter Emmittung des zeitlichen
Verlaufs von Hihenandenmgen. Kinftig wird die Zustandsschatzung der
historischen Gebiude und
Anlagen des Moskaver Hrem!
unter Emsatz der GOCA-Software
in esinem zusammenhangendsn
auf externe  Referenzpunkie
gestitzien dreidimensicnalen
hybriden Sensometz  (GM3S,
LPS.  Schlauchwaagen etc.)
automatisiert erfiolgen.

Softwaretechnologie GOCA-Virtual-Sensor

GOCA-Virual-Sensor greift Ober eine offene Schnittstelle auf die in jeweils
zusammenhangenden Referenzkoordinatensystemen und auf der Basis won
geodatischen Netzausgleichungen emmittelen Verschiebungszustinde der
Geomonitoringpakete GOCA (www.goca.infio) und MOMIKA (wwwmonika.ag) zu,
(siehe Abb. unten]. Virtuelle Sensoren sind Algorithmen,
die nicht oder schwer messbare
Grilken unter Vermendung won
Messwerten  realer Sensoren in
Verbindung mit  unterschiedlichen
numerischen Modelien ableiten.

P AL-DatES Ziel der Softwareentwicklung won
m ek ok G| GOCA-Virtual-Sensor  ist,  einen
Katalog fir virtwelle Sensoren mit dem
Schwerpunkt  auf  geometrische
Modelle in den  Fachschalken
Geodynamik, lokale Geotechnk und
Bautechnik zu erstellen.  Dieser
Katalog ist bis hin zu Systemanalyse
basierten Ansdtzen (zB. FEM)
beliebigp  erweierbar. Auf der
Grundlage des entwickel=n
Modellkataloges bildet das
Softwaremodul  GOCA-Virual-Sensor
die Basis fir die Realisierung virueller
Sensonen im geodatschen
Monitoring. Im voriegendem Projekt
Monitoring des  Moskauer  Kreml®
werden die gemessenen
Mivelementdaten nach der

SEQMONITORIMG

e —

Pt e e i e e e

- GOCA-Virtual-Sensor Modeling

Il. Deformationsanalyse mit GOCA

Cer viruelle Sensor zur Berechnung won Sezungen bzw. Hebungen kann typischenwsise im
Bereich der Bergschadenskunde auf Grund won  Bergbautdtigheiten oder auch zur
Bawvwerksibenwachung, wie im Projekt “Monitoring des Moskauer Kreml®, singesetzt werden.

Im worliegenden Projekt handelt es sich  ausschliefflich wn  MNivelementdaten, die in
Prazisionsnivellements in der Zeitspanne von 1838 bis 1893 becbachiet wurden. Die Auswertung
mit der GOCA-Software liefert in den GOCA-Ausgleichungsstufen | und |l die in enem einheitlichen
Referenzkoordinatensystemn georeferenzierien Objektpunkiposiionen (FIN-Diaten). Diese konnen in
der simultan zwr Monitoring-Swfe Il laufenden GOCA Stufe I weiteren Deformationsanatyse-
Zustandsschatzungen (Moving-Awerage, Verschiebungsschitzung., Kalmanfiterung) unterzogen
werden, oder Uber die FIN-Schnittstelle online oder postprocessed mit GOCA-Virbual-Sensor weiter
analysiert werden. Als Gegenstand dieser Posterprisentation wurde die Analyse auf zwei
reprasentative historische Gebaude des Kremis beschrankt Machfolgend sind zunachst die
Ergebnisse von GOCA dargestelit

Moskauer Kreml —

Ubersichtskarte Gebaude 1 - Zarenglocke

Gebaude 2 —

Maria-Verkiindigungs-Kathedrale
i 4

Gebiude 2 - Zeitreihengraphik mit Verschiebungsschatzung
e 11180 ke | 158

oE:l__T'_m_'““[

BLei i BL B Ba WL AL GLAC.AE

& wn |—————————————

Gebaude 1 - Bauwerksgraphik mit
Verschiebungsschitzung

i Gebdude 2 - Setzungsverhalten 1967-1358

Gt Gebaude 1 - Kalmanfilterung 1381-1338

e -2 m bl g —— ——— ——— ——— ——— ——— —
—_—
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Integrated Deformation-Analysis
System Analysis
Structural Health Monitoring

Physical Parameter Integration

Theory
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Static FEM Approach

(Urey)=K(p) " f
f

Damage * K(p, )

\‘
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Static FEM Approach

Structural __cm
Damage Deformation Scale
e $ . @\f, — 2 _:f i T
o o . S S|
sz;z;fﬁ SRS |
mim
Deformation Scale

Au= Au (Ap;)

NETZ2D (GIK) Max. Change Au : Imm = 5% of u
Mechanical Analogies  Relative Change: up to 20% of u
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Static FEM Approach

Equations

<u=f | [K(p,AP)

& Knoten des geodéatischen Netzes
© Knoten des FE-Modells

System- Stiffness Matrix
p = Material Parameters
Ap= Changes (Damage, Fissure)

FEM-Elements

Uig = |\|E' Uy |= |\|E "UE_Nodes

N=Shape-Functions

Geodetic Displacements u
Ug

geod

ugeod= NE(Xgeod)‘ U :NE(Xgeod)' E-u

Us

E= (0,1)-Matrix => Geod. Design (FOD)
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Static FEM Approach

FEM- / System- Parts (Static) & Parameter-Integration

N

— Osys +Vsys :@- K(ﬁk,Af))_l -f and Cg =>0
pk +V :Iﬁ und Cpk
f+ v _f und C;

Geod. Monitoring & Network Adjustment

> Ugeog "‘Vgeod: NE‘ Egeod @ and Cu,geod
Sensor-Integration

geom T Vgeom = Igeom(NE,Egeom,O) and Cgeom Local Extensiometers, Sitain

N\

£=L-Ng -Egoom( 0

| ohvs + Vihvs = lonvs(NE s Epnyss Uy Pic s AP)
S hys hys\' YE» =phys: “» Mk
phy phys — "phy phy [ Local pressure, stress

and Cpnys  |g = D(pk) L-Ng- phySC\
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Dynamics FEM Approach

General Vibration of a Structure in FEM Dynamics

K(px) (1) +C(Pc)-u(t) +M(py,) -t = (1

Eigenvibration of Structures in FEM Dynamics

K(pk)-u(t) +C(pc)-u(t) +M(py,) -u(t) =0

K(px) = Parametrized Stiffnessmatrix
C(pc) = Parametrized Damping-Matrix
M(p,,) = Parametrized Mass-Matrix
f(t) = External Nodal Point Force

Research Topic in ,,System Analysis*“ or ,,Integrated Deformation Analysis*“
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Dynamics FEM Approach

State Vector: Displacements + Velocities + Accelerations

Descriptive Modelling — Simple Kalman-Filter

1
Ug(tsAn] |! |At] [EMZ} s
Uo(t+At) |=|0 I At] || up®
_Uo(t-l-At)_ 0 0 | _Uo(t)_

Systemanalysis-Modell — Extended Kalman- Filter

for Eigenvibrations:

1
upt+at] | |At] [E Atz}

Uo(t+Af |=[0 | [At]
Uo+A)| |0 [-M(pPm) ™" Kpk)-Atl [1-MpPy) ™" -Chc) At

uo (K

| Uo (K)

Uo (K)

Research Topic in ,,System Analysis*“ or ,Integrated Deformation Analysis*“
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Dynamics FEM Approach

Eigenvibration of Structure in FEM Dynamics
K(pk)-u(t)+C(pc)-u(t) +M(py) -u(t) =0

Undamped Eigenvibration of a Structure

K(pk)-u(t) +M(py) -u(t) =0

u(x,t) =a-¢(x)-cos(m-t—q)

£ 2 w}’
g
I

Generalized Eigenvalue Problem (Spectral Domain) / f

K(Px) — o -M(py)]- ¢(x) =0 a8

Research Topic in ,,System Analysis*“ or ,Integrated Deformation Analysis*“

oy
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Dynamics FEM Approach

Undamped Eigenvibration of a Structure
Generalized Eigenvalue Problem (GEWP) (Spectral Domain)

[K(p) — @ -M(py)] - 6(x) =0

First Order Derivation of GEWP leads to
2 Inverse Eigen-Value/-Vector Problems

1. Changes in the Eigenvalues / Eigenfrequencies

A (AP, APy) = @7 - [dK (AP, ) —? - AM(AP,)1®;

i

,Unhealthy*
Structure Apg

2. Changes in the Shapes of the Eigenvectors

T
i 'dM A * I n 1
A0, (A, Apy) =~ 2P @ ST o7 [aK(Apy) - AM(Apy)]- @,
2 =1, 0 — O]
j#
New Research Topic in ,,System Analysis“ or ,,Integrated Deformation Analysis“
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Dynamics FEM Approach

»otructural Health Monitoring*
=> Parameter-Integration

1.) Integrated Time Domain Model (State Transition,Kalman-Filtering)
y(t) =[u(),u(t),i()]" wem—p  y(t)=[u(t),u(t),i(t) | px.Pc.Pml’

2.) Integrated Spectral Approach and Inverse Eigenvalue-Problem

y(t) =[u(t),u(t),i(t)]" ) [Ac?,Ap] wmmmmp y(t)=[APy,APc,APy]

New Research Topic in ,,System Analysis“ or ,,Integrated Deformation Analysis*“

G
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Integrated Deformation-Analysis
System Analysis
Structural Health Monitoring

Sensors

SOCA
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Sensors & Algorithms

GNSS MEMS
- Code - Gyroskope
- Phase - Accelerometer
- Doppler - Magnetometer
+ - Inklinometer
Tight - Barometer
Coupling - Camera-
- Position & Coordinates
-Velocity

y(t) = x® y° 2° | X°Y°2° |r® p® y® [ X® §° 2° |l x @3, 0%, |S]T

T
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Sensors & Algorithms

y(t) =[x y® 2% [X°°2° [r° p® y® [ X® §° 2° [ x %y b, |S]T

Use of Additional State Information

Parallel Processing Algorithms
Zero-Updates (,,ZUPT")

www.navka.de

_o /DY :
=0 Syt ™

+> Velocity
C

,Automotive Mode*
Unequations »indoor-Map-Matching*“ »oystem-
Analysis“
U<F(X) <o
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,otructural Health Monitoring“ via Structual Eigenvibrations ‘

,,ar.m

o P

NWW Ha‘/":{a ae

b
|I' p y ”X y Z |(Debx(0eby ebz|SJ

eee

y(t)=[x° y° z° |x°y
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GOCA-Examples
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GOCA-based Early Warning Systems in the Alps
6@ /A

(\

=0
T

Lot

#% ;

GOCA-Project
Hornbergl, Austria

=
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»Mining“ — Worldwide Mining / Open-Cast-Mining

Wi Mw‘» \v"‘(‘ VP

P m il 'amﬁl\‘ﬁ _«‘

-

Vattenfall, Europe ,‘ . |
__GOCA-Centre with GOCA-Software =>
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www goca.info

Movements of Rock Wall along a street
____ Administration des Ponts et Chausseées, Luxembourg
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Construction-

Area Monitoring
New Construction
South MainTrain

Station, Vienna
Fa. Angst ZT GmbH




Building - Monitoring

........

HANUSCH - STRASSE

,Jager-Kaserne*
Bruck an der Leitha /Austria
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2011/2012 ,,Ka
Diameter: 10 m, Ground-Cover: >3 m
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Dam, Building etc. Monitoring in Russia, GNSSPlus
GOCA

YHMKanNbHLIA NPOrpaMMHbINA NPOAYKT
ANS MOHUTOPUHra

AN
--‘.4-.- -

YHUBEPCANLHAA CUCTEMA MOHUTOPUHIA

Mporpammiioe obecneyenne GOCA Obino paspabortano B MHCTUTYTE npuknagHbix
Hay4YHbix uccnepoBawui (laF) ropopa Kapncpya (Fepmanns) noa pyKkoBOACTBOM
npodeccopa P. Arepa.

GOCA [aHHBIi NPOrpaMMHBIA KOMMNEKC UCNONBL3YETCR AN re0auH aMUHEeCKOro MOHUTOPUHKIa
(GNSS/LPS/LS-based COOPYXEeHUI U NPUpPOoaKBIX Nnpouyeccoe. Ha ocioakme MTHCC aankbix, a Takcke Apyroro
Online Control and Alarm reogesnyeckoro obopygoeakus npou3BoauTCcs ananui crabunbhoct obbekTa,
Systems) - on-line cucrema npousBoaMTCcA ODHapyweHWe W NporHo3 AeopMauui, a TaKKe ONOBEeLeHWe npu
HenpepeIBHOrO HabnioaeHns KPUTHMHECKUX COCTORHMAX.

3a nedopMaLMaMn, OCHOBaHHaRA OBnacTv NpUME HEHUSA: MOHWUTOP UHM

Ha TOYHbIX cnyTHUKOBLIX (THCC) * 30H BNMAHUA NPUPOANbIX (DaKTOPOB

¥ H33EMHbIX re0aesnyYeckmx (oNON3HMK, ByNKaHbi, CEBMCMOAKTUBHBIE 30HB U T.4.),

nabmopenuax (LPS). + 30H bl BAMAHWA aHTPONOTeHH biX (PaKTOpOoB (Aambbi, NNOTUHB!, OTKPBITHIE

Kapbephbl, Pa3nNM4Hbie 303H1A U MHXEHEPHbBIE COO0PYXEHNA UT.A).

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




Bridge - Monitoring 2011 - 2014
GOCA Monitoring

New ,,Rethe-Brucke*
Hamburger Harbour

Old
Rethe-
Hub-Bricke
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Dam-Monitoring - 3 Dams in Bosnia-Herzegowina

Jablanica
Dam 21042012 J0H8

2
2

From Classical to Online-Monitoring
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GOCA = GNSS/LPS based Online Control and Alarm System
Integrated Deformation-Analysis — Sensors & Algorithms

t E’ X X m 0 your ticket to mobility!

ROBINETTE GM1

A MEMS-based localization, orientation and navigation device

Engineered in Germany

Powered by m’iﬂ

www.robinette.de
www.navka.de
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http://www.robinette.de/
http://www.navka.de/

'A‘L Futher Developments
e Robustification of Adjustment-Step 2 (L1-Norm)

e Introduction of Geopotential Models (Reduction of Zenith-
Angles => 1 Identical Point between GNSS/TPS)

¢ 3D Integrated Geodesy (GNSS,TPS,LS,Kamera,..., Schwerewerte)
e Prediction Models

GO

www goca.info

e RaD on Integrated Deformationsanalysis

e GNSS/MEMS Algorithms for Lowcost Sensors

e GNSS-Algorithms

e Structural Health Monitoring (Physical Parameters)

GOCA-WebSite: www.goca.info
MONIKA-WebSite: www.monika.ag

€
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