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Outline of the lecture

1. General aspects
2. Point-based geodetic techniques
3. Geotechnical and structural deformation sensors
4. Remote-Sensing Areal-based techniques
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1. General aspects

1.1 Geodetic meaning of deformations and changes
1.2 Relative and absolute deformations
1.3 Datum definition
1.4 Direct measurements and geodetic networks
1.5 Measurement of specific and unspecific points
1.6 Dealing with errors
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1.1 Geodetic meaning of deformations and changes

Deformation measurement and change detection look for 
variation of the shape of an object between two times 
(epochs). More exactly:

Deformation (in Eng. Geodesy) is meant has the modification
of the shape. They can be detected by:

• Measuring displacements of points in strategic points 
(point-based techniques)

• Measuring rotations
• Comparing surfaces at different epochs
Change is related to the accumulation/loss of mass:
• Detection has to be based on the comparison of surfaces

or point clouds



5

1.2 Relative and absolute deformations

Deformations (displacements in the case of points) can be:
• Absolute (w.r.t. a larger reference system where the object is

one part)
• Relative (w.r.t. to other portions of the same object) 
In Eng. Geodesy displacements may be classified as:
• Vertical (1D)
• Horizontal (2D)
• Thredimensional (3D)
Changes always feature a 3D character and have an absolute
meaning
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1.2 Relative and absolute deformations

An absolute deformation/displacement (for 
example of ‘control point’ A) occurs when its
positions changes with respect to stable
points (C) outside the object to be 
investigated.

Stability refers to the lack of displacements of 
the same size as the ones expected for the 
control points. 

Stable points (C) are referred to as
benchmarks or reference points.
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1.2 Relative and absolute deformations

A relative deformation/displacement (for 
example of ‘control point’ A) occurs when its
positions changes with respect to another
points (B) on the same object that may change
its position as well.
A relative displacement of A w.r.t B may mean:
• A has really moved while B has kept stable;
• B has really moved while A has kept stable;
• Both A and B have really moved.
Ambiguity is possible because B is not a 
reference point and its stability is not
guaranteed.
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1.3 Datum definition

Absolute measurements require the definition of a stable, 
accurate reference system (RS), which is presented by a 
spatial datum defined by means of a minimum number of 
reference points (RPs) located in stable areas:
1. Distance from reference to control points may depend on 

the adopted measurement technique;
2. Absolute displacements of reference points should be 

negligible w.r.t. the ones affecting control points.
In general, reference points that define a datum are also
affected by measurement errors. This should be remembered
when the number of reference points is redundant.
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1.3 Datum definition

In vertical (1D) monitoring, at least one reference point should
be selected. Reference surface is:
• Following equipotential surface in the case optical levelling

is adopted;
• A local topographic plane in the case of theodolite

observations
In horizontal (2D) monitoring, a local
topographic plane is adopted as
reference. On this, we need to define:
• One 2D point and a direction;
• A couple of 2D points.
In traditional geodetic networks, datum 
definition is always split in XY and Z.
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1.3 Datum definition

Some measurement techniques require a 3D datum (e.g., 
terrestrial laser scanning, close-range photogrammetry, 
GNSS). 
A generic 3D datum is always aimed at determine:
• Seven parameters of a conformal transformation (3 shifts + 

3 rotations + scaling);
• Six parameters of a rigid-body transformation (3 shifts + 3 

rotations) as in the case of laser scanning where scale is
known.

In general, three 3D reference points are sufficient in both
cases but they:
• Mustn’t be on the same line (or close to the same line);
• Should be well distributes around the object to be 

monitored. 
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1.3 Check of datum stability within time

Reference point that define aa datum may not be stable within
long time!
Caution should be used to avoid ambiguities in the 
identification of real displacements. Solutions:
1. Periodical check of reference points w.r.t. other stable

points outside the area:
 Distance may degrade the accuracy of check 

measurements;
 May be an expensive solution.

2. Using a redundant number of reference points:
 This solution depends on the local conditions.
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1.3 Check of datum stability within time

Example: the height of a 
CP (blue) should be 
monitored w.r.t to one or 
more stable RPs outside
the slope.

CP

P1
P2 P3

RP
Heigh of 
RP (m)

∆H
(m)

Measured
height of 
CP (m)

Final
result Method

Max 
res (m)

P1 572,18 69,60 641,78 641,78 Single meas. n.d.

P2 590,70 51,00 641,70 641,74 Average of 2 0,04

P3 565,29 76,39 641,68 641,70 Median of 3 0,08
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1.4 Direct measurements and geodetic networks

Displacements can be measured directly by installing in-situ 
sensors or using single geodetic observations.
Alternatively they can be measured through geodetic
monitoring  networks composed of several elementary
observations.
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1.4 Direct measurements and geodetic networks

Main advantages of geodetic monitoring networks:
• Widening of the monitored area;
• Control of measurement errors due to the higher

redundancy of the obsevations;
• Link to more reference points
• Processing using adjustment techniques (e.g., Least-

Squares)
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1.5 Measurement of specific and unspecific points

Monitoring measurements may concern:
• Well-defined (specific) control points in strategic positions 

to understand both local and global behaviour:
• Natural points;
• Artificial control points installed on purpose (markers, 

topographic reflectors,…)
• Undefined (unspecific) points that however describe a 

surface to be investigated.



16

1.5 Measurement of specific and unspecific points

Using specific vs unspecific points implies different methods
and results:
• Specific points can be direct compared at different epocs;
• Unspecific points cannot be directly compared one-to-one, 

but they need other metrics to assess changes (surface or 
DEM interpolation, cloud-to-cloud, cloud-to-mesh, M3C2, 
etc.).

- =
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1.6 Dealing with errors

Measurements collected at 
each epoch are error-
affected.
The ensable of errors defines
the error budget.
Analysis of the error budget 
allows to:
• remove/mitigate 

systematic errors;
• Evaluate the measurement

uncertainty (that depends
on both epochs)

Intrinsic
measurement

precision

Point definition
(specific points 
only)

Interpolation
errors (unspecific
points only)

Environmental
factors

Accuracy of 
georeferencing
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1.6 Evaluation of the measurement accuracy

The evaluation of measurement accuracy could be done only
in the case higher-precision additional check points are 
evalable (not the same used for datum definition!)
Differences between computed and reference coordinates of 
check points should be analysed in order to work out some 
statistics:

– Mean (µ) of differences: possibile bias;
– Standard deviation (σ) of differences: scatter effect;
– Root Mean Squared Error (RMSE) accounting for both µ

and σ:
22... σµ +=SMR
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1.6 Evaluation of the theoretical accuracy

If check points are not available, the theoretical accuracy is
the only parameters that can be obtained. 
The precision of an observation depends on the stability of its
intrinsic value within a series of repetitions under similar
environmental conditions (repeatability).
Any geodetic instrument has a standard precision that has
been evaluated as std.dev. of a series of repeated
observations.
Evaluation of accuracy in the case of direct measurement:
• One observation: use standard precision
• Multiple observations: compute std.dev. of repetitions
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1.6 Evaluation of the theoretical accuracy

Very often indirect measurements are used.
For example, point coordinates are functions of polar
observations from a theodolite.
In such a case, the theoretical accuracy may be derived using
variance-covariance propagation (this also happens when
using Least-Squares adjustment):

T
xxyy JJCC =
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1.6 Evaluation of the theoretical accuracy of diplacements

Considering a generic displacement between epochs 1-2:
∆X12 = X2 - X1
The theoretical standard deviation of this displacement is (in 
the case of no correlation between X2 - X1):
σ∆

2 = σ1
2 + σ2

2

The theoretical accuracy of the computed displacement is
then larger than observations at each single epochs.
It is then not trivial to understand if ∆X12 comes from a real
displacement or is due to the combination of random 
measurement errors.
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1.6 Significance thresholds

In order to distinguish a real displacement from measurement
noise, a significance threshold t is established on statistical
basis.
A small risk α of rejecting a real displacement cannot be 
avoided. 
In the case of unspecific points,                                                      
some significance maps can be                                                   
produced with the same concept.
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2. Point-based geodetic techniques

2.1 Theodolite/Total Station (3D networks)
2.2 Optical levelling (1D networks, hortometric height)
2.3 Global Navigation Satellite Systems (GNSS)
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2.1 Theodolite/Total Station (3D networks)

Direct measurements:
 Azimuthal directions (horizontal)
 Zenith angles (vertical)
 Tilted ranges

Derived measurements:
 3-D point coordinates
 Differences in elevation
 Horizontal distances
 Angular variations

• verticality
• alignment

Partial or total automation of measurements
Implementation within robotic monitoring 

systems
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2.1 Options for georeferencing

Stationing point

CPs for 
inverse 
intersection 
(3-D) 

Fixed stationing 
point

CP for 
azimuth 
orientation
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2.1 Error budget

Repositioning error:
– By using pillar and 2-screw tribrach:

• ±0,1 mm (3-D)
– With tripod:

• ±1-2 mm (position)
• ±3-5 mm (elevation)

Atmospheric refraction:
– In case of precize measurements, errors due to atmospheric

refractions can be copensated for by measuring t and P, or by 
collimating a set of CPs

Earth curvature:
– Corrective models depending on adopted ranges

Residual verticaliyt error:
– Avoid collimation with strongly tilted telescope
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2.1 Total station monitoring: operational workflow

Epoch 0

Materialization of 
control, measured

and stationing
points

Any epochs

For each stationing
point: TS setup, 

georeferencing and
measurement

3-D coordinates 
(barring 

intersections)

Comparison to 
other epochs

Data
download 
on a PC 

Observation
Processing

and computation
of 3-D coordinates

Comparison to 
other 

epochs  
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2.1 Total station: some considerations

Completely assessed technology, high reliability and 
accuracy
The measurement process can be fully automatic, 
reduding the dependancy from the operator’s skill
Limited to measurement of single points, though some 
recent TSs have integrated scanning capability.
The sight between TS and measured points is strictly
required
Good weather conditions are needed for precize
applications
Variations of atmospheric refraction might affect data 
quality
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2.1 Monitoring systems based on total stations

Acquisition
and control

unit

Remote unit 
for data

management
and analyis

Modem, GPRS, radio, or 
network link

Alarm thresholds

Measurements of 
fixed CPs to 

compensate for 
refraction erros

P 1

P N
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TS stand-point 

2.1 Application from single station

At each measurement epoch:
- Setup of the TS on a 

tripod
- TS georeferencing by 3-

D forward intersection on 
referenc points

- Measurement of CPs on 
the panels

- 3-D coordinates of CPs
are already
georeferenced into the 
same reference system
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2.1 Example of a geodetic monitoring network

Dam of Cancano lake
(Alta Valtellina, SO)
- Measurement by a I Class 
total station (Leica 
TCA2003)
- Redundant observations
- 11 main verteces
- 3 points linked to IGM95 
GPS network
-Accuracy of point 
measurements (after l.s. 
adjustement):

- - E-N: ± 2 mm
- - h:     ± 3 mm
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2.2 Optical Levelling

Technique for vertical control
Instrumentation:

• Automatic optical/digital level
• Graduated rods

Direct observations:
– Relative heights

Partial automation of measurements with digital levels
Compound levelling to cover long                                         
distances
Stationing on a topographic tripod
Vertical georeferencing around the                                                 
local plumb
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2.2 Structure of an optical level and a graduated rod
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2.2 Optical levelling: Precision and Operating Range

Length single measurement: max 25÷35 m between level and 
rod
Level without parallel plate micrometer:

– Single relative height: σD=±2 mm

Level with parallel plate micrometer :
– Single relative height: σD=±0.02÷0.2 mm

Digital level:
– Single relative height: σD=±0.3÷0.5 mm

Compound levelling for control purpose:
– Precision of any benchmark is needed (unlike geodetic levelling)

– Precision after n single levellings:

nDL ⋅= σσ
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2.2 Optical Levelling: Error budget

Most important errors: 
– Level misadjustment
– Atmospheric refraction effect
– Earth Curvature (rods actually are not parallel as they are 

supposed to be)
These errors can  be almost completely removed by using
levelling from the middle
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2.2 State-of-art Digital Levels

Complete automation of single measurement operation
Measurement registration (no need of manual recording)
Closure checks during measurement
Precision similar to that of high-end optical automatic
level instruments
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2.2 Basic Operational Schemes for Monitoring 

Basic operational schemes
• Open level line
• Close loop

Common features:
– At least one height benchmark for 

reference
– More benchmarks may help check

the stability of reference system
– Closure error check out

• Open lines: forward and backward
measurementsare needed

• Loops: closure error check is trivial
– Minimum redundancy/control
– Empirical adjustment (equal

redistribution of measurement
errors)

CP 
1

CP 3

CP 2

CP 4

CP 5
benchmark

Optical level
stations
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2.2 Levelling control networks

At least one height benchmark for 
reference
More benchmarks may help check the 
stability of reference system
Multiple closure error checks on available
independent loops
Higher redundancy, depending on the 
inner loop geometry
Least Squares adjustment is worthy
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2.2 Vertical monitoring: operational workflow

Epoch 0

Set up of control 
points and 
reference

benchmarcks 

Any epochs

Single 
measurment:
Level and rods
Vertical set up, 

readings

Provisional heights 
(with digital level)

Comparison with 
respect to other 
epochs (check of 

Blunders)

Data 
downlaod 

(digital 
level)

Adjustment and 
computation of 

final 
measurements

Computation of 
height differences 

with respect to 
other epochs

Manual 
data input 

(optical 
level)



40

2.2 Optical Levelling: Some Considerations

Well assessed and reliable measurement technique
Low automation level, limited to the single measurement
operation
Geometric levelling can be applied to the measurement of 
specific points’ height
Control points must be accessible
Direct sight between back and forth points is not required, 
but indirect sight from a third point is strictly needed
It requires good environmental conditions and clear
visibility
To be used when millimetre or sub-millimetre precisions
are needed, otherwise theodolites are more adequate for 
operational reasons
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2.3 Global Navigation Satellite Systems (GNSS)

41

Different GNSS constellations
GPS: Global Positioning System (worlwide)

• U.S. Navy, for military and civilian applications
• Fully operational and continuously improved

GLONASS
• Russia, for military and civilian applications
• Fully operational and continuously improved
• GLONASS can be used together with GPS to improve the satellite visibility in urban areas, 

mountain canyons, etc.
Galileo (worlwide)

• UE, for civilian applications
• Designed and under construction

Compass/Beidou (over China)
• P.R. China, for military and civilian applications
• Fully operational in China and continuously improved
• In China Compass can be jointly used with GPS 

Other systems have been developed to integrate GPS over specific regions (e.g., Japan, India, Korea)



42

2.3 Measurement modes and monitoring applications

Geodetic accuracy can be obtained using relative (static) measurement
based on phase-shift observations of carrier waves
Real-time relative measurements (RTK) are also possible
Large development of position network based on national COREs
Deformation Monitoring using GNSS:
- Purely point-based techniques
- In the past, repeated control networks (now limited to geocrustal
deformation measurement);
- Today the interest has moved towards real-time (or quasi-RT) 

sistems, which are able to record long time series of observations; 
- Much attention is paid to low-costs sensors; 
- Recent trend on the use of GNSS sensors for dynamic monitoring 

(e.g., bridges, high-rise buildings).
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2.3 Example of traditional GNSS Newtwork for measuring
displacements of a large landslide

Periodical measurement of a 
GNSS network allows the 
evaluation of landslide
displacements over alrge
areas (hundreds square
kilometres)
Example refers to Berceto 
landslide in Tosco-Emilian
Appennines (Italy)

Acknowledgements 
to G. Forlani
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2.3 GNSS Networks: Operational Workflow

Epoch 0

Control point 
set up

Baseline 
Processing

Evaluation of point 
coordinate 

displacements by using 
different epochs 

Baseline 
measurement

Data
download

from 
receivers 

Design of GNSS
network 

(simulation) Least-squares
network 

adjustment

Any epochs
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2.3 GNSS Positioning: Some Considerations

Less dependent from atmospheric conditions
Direct sight is not necessary
GNSS can be used for monitoring of: 

– Large sites with slow displacement speed (GNSS 
networks) 

– Small sites with fast displacements (RTK) 
Reference (‘master’) points need to be placed in stable, 
safe places
Real-time or quasi-real-time monitoring is also possible
and reliable
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GNSS Monitoring Systems

GNSS monitoring systems can be used for continuous
observation of a specific site
A limited number of points is equipped with a GPS antenna
At least one ’master’ station in a stable area needs to be set up
Positioning can be based on:
• Static techniques 

• Slow landslides (m/year)
• Sub-centimetre precision
• Acquisition rate: 30 min – a few hours

• RTK 
• Fast landslides (m/day) 
• Precision: ±1-2 cm
• Acquisition rate: 10 s a few minutes



47

2.3 GNSS Monitoring Systems: Architecture

PC in the 
Control 
Room

GNSS antennas installed on landslide body, 
linked (via radio/GPRS) to the Control Room

GNSS processing SW, that automatically 
processes the relative position of all antennas 
on the landslide body with respect to the 
master(s) station(s) 

Master antenna linked (via 
radio/GPRS) to the Control 
Room

Remote data-analysis
centre (GPRS/internet)

Civil Protection
Radio 
GPRS
SMS
e-mail
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2.3 GNSS Monitoring Systems: Example on Milano Cathedral
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3 Geotechnical and structural deformation sensors

Specific sensors have been developed for monitoring ‘local’ 
deformations in Geotechnics and Structural Engineering.
Deformation sensors can be complemented with Geodetic
and Remote Sensing techniques, environmental, 
microseismic, dynamic sensors. 
These sensors are often integrated into (smart) monitoring 
systems able to automatically control data acquisition, 
processing (and interpretation). 
Sensors cannot avoid collapses, but they may be useful for:
• Risk management
• Improving the knowledge of possible failure/deterioration mechanisms
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3.1 Geotechnical deformation sensors

Main geotechnical surface deformation sensors
• Distometers
• Rod/wire extensometers
• Crackmeters
• Clinometers
• Levelling sensors
• Dynamic and pressure cells

(credit to Dott. G. Mannucci, ARPA Lombardia)
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3.1 Geotechnical deformation sensors

Main geotechnical deep 
Deformation sensors
• Inclinometric boreholes
• TDR cables
• Deep estensometers
• Profilometers
• Reversed pendulums

(credit to Dott. G. Mannucci,
ARPA Lombardia)
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3.2 Structural deformation sensors

Main structural sensors for measurement of relative 
displacements
• Optical collimator (dams)

• Manual
• Automatic

• Estensometers
• LVDT
• Vibrating wire
• Fiber optic

• Deformometers
• Hydrostatic

levelling
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3.2 Structural deformation sensors

Main structural sensors for measurement of rotations
• Inclinometers
• Zenital levels
• Direct and reversed pendulums
• Coordinatometers
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3.2 Structural deformation sensors

Pendulum systems in Milano Cathedral
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3.2 Structural deformation monitoring using geodetic
techniques

Geodetic techniques also play a paramount role in static
structural monitoring (long-term deformations)
• 2D/3D networks with theodolite measurements
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3.2 Structural deformation monitoring using geodetic
techniques

Geodetic techniques also play a paramount role in static
structural monitoring (long-term deformations)
• 2D/3D networks with theodolite measurements
• High-precision optical/digital levelling networks
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4. Remote-Sensing Areal-based techniques

4.1 Concepts
4.2 Points clouds from terrestrial laser scanning
4.3 Point clouds from photogrammetry
4.4 SAR Interferometry
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4.1 Concepts

Point-based vs Areal-based techniques for deformation
measurement
• Geodetic techniques and Geotechnical/Structural sensors

can provide accurate observations but on a limited number
of (specific) control points.

• Remote-sensing techniques (from ground-based and 
satellite platforms) may analyse changes on full surfaces
(unspecific points), but at lower precision and reliability:

• Point-cloud comparison (terrestrial laser scanning and 
Photogrammetry)

• D-InSAR techniques may provide accurate displacements on 
surfaces or unspecific points (Persistent Scatterer Interferometry)
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4.2 Point clouds from terrestrial laser scanning

• Two laser scans collected at different epochs using terrestrial
laser scanning (TLS) sensors

• Point clouds are compared to detect changes/deformations
• Both scans must be accurately co-registered:

• Both are geo-referenced with respect to a geodetic datum
• Both are co-registered on the basis of common points/areas in stable

regions (rough georeferencing may be enough in many cases)
• In the case of more than two observations epochs, each scan

of the series is compared to a reference (‘master’) epoch or 
w.r.t. to others in the series

• Problems if vegetation is present!
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4.2 Point clouds from terrestrial laser scanning

• Classification of TLS sensors:
• Short range (phase-shift) < 25-50 m
• Medium range (phase-shift)  < 100-250 m
• Long range (Time-of-Flight)  < 1000 m
• Very-long range (ToF) > 1000 m

• Geo-referencing:
• Target-based (+using theodolite or GNSS for measuring targets)
• Surface-based (only for co-registration of two scans)
• Direct (using GNSS, inclination sensors, bearing orientation)
• INS/GNSS in mobile laser scanning (MMT)

precision

acquisition
rate

range
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4.2 Point clouds from terrestrial laser scanning

• Example: points clouds of an unstable slope

Epoch 1

Epoch 2 Absolute distances using Cloud-to-Cloud method
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4.3 Point clouds from photogrammetry

Two point clouds obtained by using Structure-from-Motion (SfM)
Photogrammetry

- Automatic image orientation (and camera calibration)
- Dense matching for surface reconstruction
- Use of images from terrestrial stations and drones
- Cheaper and more flexible than (TLS)

1. SfM for image orientation
(and camera calibration)

2. Dense matching for 3D 
model reconstruction

3. Textured 3D model

(credits go to SIFET)
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4.3 Point clouds from photogrammetry

SfM output a point cloud similar to the one directly produced by 
TLS.
The comparison between two point clouds follows the same
approach. 
SfM (except some cases, e.g,, indoor environment) is competitive 
w.r.t. TLS when 3D modelling is required.
In the case of deformation measurement, the use of SfM should
be carefully evaluated:
• It’s more difficult to set up a stable reference system (expecially in the 

case drones are used)
• Precision may be lower because dense-matching algorithm tend to 

interpolate areas with less texture
Limit the use of photogrammetry when lower precision are needed.



64

4.3 Point clouds from photogrammetry
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4.3 Point clouds from photogrammetry

Rock outcrop modelled using both SfM and TLS.
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4.3 Point clouds from photogrammetry

Comparison between point clouds obtained from SfM and TLS
After filtering 
points with 
differences > 1 cm

After filtering points 
with differences
> 0.5 cm
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4.3 Point clouds from photogrammetry

 Analysis of debris transport on a slope in Tartano Valley (Valtellina, Italy)
 Twelve images recorded with a Nikon D700 SLR camera with 90 mm lens
 Data acquisition repeated three times for comparison
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4.3 Point clouds from photogrammetry
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4.3 Point clouds from photogrammetry



70

4.4 SAR Interferometry

Interferometric Syntetic Aperture 
Radar (SAR) allows to detect
changes within the illuminated
area along the Line-of-Sight to 
the sensor
InSAR sensors can be: 
• onboard satellites
• onboard aircraft
• Ground-based (GBSAR) 
GBSAR is made up of an 
emitter/receiver radar unit that
moves along a track to generate 
SAR images to be analysed

Baseline (L=2m)
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4.4 SAR Interferometry

SAR images have a 2D 
resolution along either range 
and cross-range directions: this 
allows to analyse multiple 
points on the illuminated
object. 
Two images are compared
using interferometric
techniques to track 
displacements along the LoS
(i.e., in the range direction).

λ = 9mm
L = 2m
θ = 4.5mrad
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4.4 SAR Interferometry

By repeating observations at different epochs (time resolution) 
displacement map can be obtained.
Each resolution cell represents one observation.
Displacements are reliable when signal ‘coherence’ is high
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4.4 SAR Interferometry

Coomparison between signal ‘coherence’ after :

1 hour   

1 month
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4.4 SAR Interferometry

Two acquisition modes
1. Continuous: the instrument should

be left in fronf of the area to be 
monitored
- For short period (early warning in the case 

of emergency)
- For long period (permanent installation is

needed)

2. Discontinuous: periodical re-setup is
needed
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4.4 SAR Interferometry

- Mt. Beni (Tuscany, Italy)
- Observations recorded before
landslide (8-13 May 2002) collapse
- GBSAR LISA prototype 2
- Distance from sensor: 2 km

Del Ventisette et al. 2015
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4.4 SAR Interferometry

Validation w.r.t. readings with automatic coordinatometer in the middle 
vertical section of a dam
Accuracy of coordinatometer: ±0.1mm
Displacements from GBSAR (continuous mode) points measured
close to the middle section were compared

RMSE = 0.2 mm 
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4.4 SAR Interferometry

Main problems of GBSAR interferometryry:
– Lack of signal coherence: depends on the type of terrain and the environmental

conditions.
– Phase ambiguity: displacements larger than 0.25λ (signal wavelength) between

two successive epochs are lost (unless continuous measurement is used)
– Time and range resolutions
– Size of GBSAR sensors

Trend of technological development:
• Implementation of Persistent Scatterer Interferometry (PSI) techniques that are 

able to mitigate the effects of changing environmental conditions
• Improvement of GBSAR sensor transportability
• Shortening the time resolution (faster observations) 



Many thanks for your 
attention!
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