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Geodetic Monitoring must be 24/7 … or the investment will be lost having no “results” !

/�#)���6 = �!�������

������#�'���������������� ������������������������
� �! ��



�������
������	�&��������'�&����	��(��
�  ��������&���

GMX2  0.0 mm

GMX3  0.0 mm

GMX1  +0.7 mm



FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18�22 May 2011 4

/�#)���6 ; �!�������

������#�'���������������� ������������������������
� �! ��



�������
������	�&��������'�&����	��(��
�  ��������&���

GMX2  +3.6 mm

GMX3  +3.4 mm

GMX1  0.0 mm
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DDDDMIN =    0.0 mm

DDDDMAX = + 3.2 mm
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Existing Geodetic Assets Environment and location fo r 
GNSS Reference & TPS

Understanding the structure
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Existing Geodetic Assets Environment and location fo r 
GNSS Reference & TPS

Understanding the structure
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Previous Geodetic Monitoring Campaign executed by U niversity,  Geodesy Department using 
GPS on pillars. Control points and monitoring point s on red steel pillars anchored on massive 

concrete foundations.
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Previous Geodetic Monitoring Campaign executed by U niversity,  Geodesy Department using 
GPS on pillars. Control points and monitoring point s on steel pillars anchored on massive 

concrete foundations.
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Previous Levelling  Monitoring Campaign executed by  the surveyors of the HPP on a yearly 
basis. Levelling benchmark anchored on stable found ation. Levelling operations will continue 

using Digital Levelling instrument and Invar bars w ith software.
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The original design of the structure and the constr uction are important elements to understand 
the HPP structure and how it is supposed to behave under water load. The turbines and electro-

mechanical parts management for electricity product ion planning are influencing the way the 
structure will react as well. 
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The original design of the structure and the constr uction are important elements to understand 
the HPP structure and how it is supposed to behave under water load. The turbines and electro-

mechanical parts management for electricity product ion planning are influencing the way the 
structure will react as well. 
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Automatic Total Station 
TM30

360°Reflector

Circular Reflector

GNSS Control Point

GNSS Reference 
Station

INNOVATIVE PROPOSAL

GNSS and TPS mixed Network
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Antenna cable will be 
protected by a resistant 
coating against 
vandalism.

GRZ121 360°Reflector 
PRO. Reflector with 5/8” 

thread adapter for 
mounting of GNSS 

antenna

Leica GNSS AR10 Antenna 
(24 cm x 14 cm)

Stub to screw 5/8” adaptor 
or stub support from the 

mast top.
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TPS GNSS Base GNSS Control

DDDDX, DDDDY, DDDDZ

Data Reduction T°, ppm

Store
Epoch of 
Reference

Epoch of Reference  ?
Yes

No

S-Transformation
Statistical Analysis

Deformation Analysis

Visualisation

Reporting, Archiving

Quality Analysis

Data Snooping, Filtering

Least Squares Adjust.

Minimum Constraints

Hz, Vz, Ds
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GNSS 2 and TPS 2 
NIVEL

PASSIVE 
CONTROL

POINTS
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GNSS 1 and TPS 1 
NIVEL

PASSIVE 
CONTROL 

POINTS
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The site survey is an important operation consistin g of validating the existing geodesy (coordinate 
system), the designed location of instrumentation ( GNSS and TPS)  and to obtain information for 

the final design validation using “Least Squares Sim ulation” processing.



FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18�22 May 2011 16

/�#)���6 @
 �!�������

������#�'���������������� ������������������������
� �! ��



*1������)	� �����	��	��.�	��������	

6�# �����	��	������#-��	�
��#����	

/�#)���6 @� �!�������

������#�'���������������� ������������������������
� �! ��



*1������)	� �����	��	��.�	��������	

��������&������	��-��

The site survey with TPS is an important operation consisting of validating the designed location 
of instrumentation (TPS and Reflectors), the perfor mances on site  and to obtain information for 

the final design validation using “Least Squares Sim ulation” processing.
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Web distributor

Final 
Report

SQL DB’s

Results per 
epoch

Sensor 
Management 
Data Logger 
Adjustment

SQL DB
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Free Network Adj. Weighted Constraint Fully Constraint

Data Snooping
Blunder Detection

Identify
Fixed Control 

Points

NO FIXED POINTS ! MINIMUM FIXED 
POINTS !

/�#)���6 EE �!�������

������#�'���������������� ������������������������
� �! ��



'������:������"�;���#�	��? �����.����

"���#�������
��#����	�"	������

Epoch Reference ( any )

Epoch i

ixx xQ , ixx xQ ,

S-Transformation

Dx,Dy,Dz,rx,ry,rz

Residuals 
Analysis

Deformation 
on Object 
points ?

Deformation 
Reference 
points ?

referencexx xQ , referencexx xQ ,
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GNSS ANTENNA + 360°
REFLECTOR

Automatic Leica TM30 

CABINET 
INSIDE

CONCRETE

STEEL MAST
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