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1 Introduction

The InSAR (Interferometric Synthetic Aperture Radar) and PSInSAR (Persistent Scatterers Interferometry)
measurement techniques are based on combining radar microwaves emitted by a radar sensor at different
times (passes). The combination technique is using the “coherent” property of the radar waves by
“interfering” two different signals and extracting the so called “phase difference”. This technique, called in
general “Interferometry” is also applied to laser, LIDAR and GNSS signals.

Below are links with tutorials about the “Radar Interferometry”
1. NASA Jet Propulsion Laboratory — basic presentation of INSAR

https://nisar.jpl.nasa.gov/mission/get-to-know-sar/interferometry/

2. European Space Agency — basic tutorial

https://www.esa.int/Applications/Observing the Earth/How does interferometry work

3. United States Geological Survey — basic presentation of INSAR

https://www.usgs.gov/index.php/programs/VHP/insar-satellite-based-technique-captures-overall-
deformation-picture

4. European Space Agency — in-depth principles of INSAR

InNSAR-Principles-Guidelines-for-SAR-Interferometry-Processing-and-Interpretation.pdf

5. Earth Observation College — InSAR student course

https://eo-college.org/resource/insar basics/

6. German Space Center/Federal Institute of Technology Zurich ETH), InSAR/PolInSAR tutorial

2021 PolInSAR IHajnsek theory.pdf



https://nisar.jpl.nasa.gov/mission/get-to-know-sar/interferometry/
https://www.esa.int/Applications/Observing_the_Earth/How_does_interferometry_work
https://www.usgs.gov/index.php/programs/VHP/insar-satellite-based-technique-captures-overall-deformation-picture
https://www.usgs.gov/index.php/programs/VHP/insar-satellite-based-technique-captures-overall-deformation-picture
https://earth.esa.int/eogateway/documents/20142/37627/InSAR-Principles-Guidelines-for-SAR-Interferometry-Processing-and-Interpretation.pdf
https://eo-college.org/resource/insar_basics/
https://eo4society.esa.int/wp-content/uploads/2021/04/2021_PolInSAR_IHajnsek_theory.pdf

PSInSAR User Manual

December 2025

2 Data layers

2.1 Organization

Data layers are grouped by different criteria, such as site, sensor type, and so on. One layer can belong to
a single group, to avoid display redundancy. The preferred option is to group layers by site (as in Figure 1,
Feijao dam, Brasil and Junction reservoir, SK) and information about sensor, beam, type of data or similar
can be provided in the layer name.

¥ Finlay dam 129D ds t
¥ Finlay dam 129D ps
¥ Finlay dam 129D ps t
¥ Finlay dam 59D ds

¥ Finlay dam 59D ds t
¥ Finlay dam 59D ps

¥ Finlay dam 59D ps t

~ Feijao dam, Brasil

———8 v Path 155D Feijao ds
—8 v Path 155D Feijao ps
——8 v Path 53D Feijao ds
B——— M Path 53D Feijao ds PW
—8 v Path 53D Feijao ps
B— W Path 53D Feijao ps PW

» Junction reservoir, SK

Figure 1 PSTool layers organization

2.2 Selection

Layers can be selected with the click box on the left side of the layer, or dragging the opacity slide.

If working with multiple sites simultaneously, the icon above the tooltip (Figure 1) can hide/show all
selected layers belonging to a specific site/category (in this case Feijao dam, Brasil). In this way, if want to
revert to a set of previously selected layers which were later hidden, with one click on the icon those layers
will become visible again; this saves time to manually re-select each layer of interest.

2.3 Properties

On the right side of each layer there are three icons. From left to right, pan/zoom to layer (Figure 2), find
reference point (Figure 3) and color legend settings (Figure 4).
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~ Feijao dam, Brasil
———8 v Path 155D Feijaods @

—8  Path 155D Feijao ps (s

Figure 2 Automatic panning to layer

v Feijao dam, Brasil
—8 v Path 155D Feijao ds
—8 v Path 155D Feijao ps

Zoom to Point of Reference

Figure 3 Finding reference point

~ Feijao dam, Brasil

—=8 v Path 155D Feijao ds o e |

—8 v Path 155D Feijao ps Change Palette Range for this Layer

—8 v Path 53D Feijao ds

Figure 4 Changing color legend

The background can be chosen from a street map, two choices of satellite images and two choices of
terrain/topography maps (Figure 5).

» Rafferty dam, SK

v Open Street Map v

Open Street Map
Satellite (MB)
Google (Sat)

Google (Terrain)

OSM (Terrain)

(=2

Figure 5 Background images

3 Data filtering/selection

Criteria to display data with specific characteristics are available (Figure 6). Data can be selected by several
criteria, such as velocity, height, quality, and statistical parameter estimation of uncertainties in velocity
and height. Maximum three such criteria can be set simultaneously.



Filters
Select Attribute v

Select Attribute
Velocity (mm/year)
Height (m)

Quality

Height Uncertainty (m)

Velocity Uncertainty (mm/year)

vaiuc

o’ Select Logical Operator v

Select Attribute
Select Operator

Value

| Apply reset

0 0
~ Y ¢

Figure 6 Data selection

4 Point size and zoom
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The size of the points and the map zoom level can be changed using icons located at the bottom-right of

the main application window (Figure 7).

[Change Point Size]

Figure 7 Changing point size and zoom level

5 Geographic search

Geographic search was implemented up to individual address level. This helps with quick identification of

very local displacement information (Figure 8).
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Feijao, Colmeias e Memoéria, Leiria, 2414-021, Portugal

Feijao, Encruzilhada, Regido Geografica Imediata de Vitéria da
Conquista, Regido Geografica Intermediaria de Vitéria da Conquista,
Bahia, Northeast Region, 39995-000, Brazil

Feijao, Trairi, Regido Geografica Imediata de Itapipoca, Regido
Geogréfica Intermediaria de Fortaleza, Ceara, Northeast Region, Brazil

Feijao, Crateus, Regido Geografica Imediata de Cratels, Regido
Geogréfica Intermediaria de Crateus, Ceara, Northeast Region, Brazil

Feijao, Monteiro, Regido Geografica Imediata de Monteiro, Regido
Geografica Intermediaria de Campina Grande, Paraiba, Northeast
Region, Brazil

Figure 8 Address search

6 Data representation

The strength and utility of the platform is represented by the data representation functionality.

6.1 Single point

By clicking on one point of a selected layer, the temporal profile for that point is displayed. Temporal zoom
by dates is available from the top-left corner of the profile window (Figure 9).

Note: every point has associated a set of characteristics extracted from the SAR data using the PSInSAR

technique; these characteristics are displayed at the top of the profile window:

e The “Velocity” field represents average displacement [mm/year], the measure of interest.

e The “Height” field represents the estimated height of the point but the accuracy of this parameter is
low (tens of centimeters or meters) thus it does not make it suitable to be used as a survey measure.
This parameter is used when selecting points based on their height (creating slices in infrastructure
such as tall buildings, bridges) is desired.

o The “Height uncertainty” and “Quality” field represent a measure of the quality of the data associated
to that specific point. Since the measurements are based on reflections of the radar signal from the
ground, the quality of each measurement point depends primarily on the quality of the reflected signal
from that point; thus, each point is characterized by its own quality. This parameter can be also used
as a selection criterion when displaying the data on the platform.
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44 12403, YURVAFEL] 2

Point at coordinates: -44.1203095 -20.119004 - Path 53D Feijao ps (2 X

2015-05-01 D 30429 Velocity [nm/year] -19.38 Height uncert [m] 1.76

> : . .
20190122 Height [m] 937.50 Quality 2.43 Velocity uncert [nm/year] 0.97

deformation (mm)

2016 2017 2018 2019

rasr

Figure 9 Temporal displacement profile of a PSInSAR point

For purpose of reproducibility, single point search by point ID is available (Figure 10). The point ID is unique
to a dataset/layer; thus, the correct layer must be selected. Additional layers need to be de-selected.

v Google (Sat) v

30429 X

Figure 10 Single point search

6.2 Single point, detection of changes in displacement rates

Most of the times, the displacement rates of a point are changing in time. The moment of change and the
periods of changed displacement rates can be detected by the piecewise temporal analysis (PW layers).
With this functionality potential alerts can be defined.

Figure 11 illustrates a point with a global displacement rate of -19.38 [mm/year] but with a particular
period where the rate reached the maxima of -155.0 [mm/year].
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=44.116057, -
Point at coordinates: -44,1203095 -20.119004 - Path 530 Feijac ps PW &
2015-05-01 D 30429 Velocity [nm/year] -19.38 Height uncert [m]

2019-01-22 Height [m] 937.50 Quality 2.43 Velocity uncert [nm/year]

Max local def [mm/year] -155.00

N
o
]

o
L

Path 530 X

Deformation [mm,;

deformation (mm)

s
| A

Y
(=
.

— linear regression

Figure 11 Piecewise analysis of displacement rates.

6.3 Multiple points

Multiple points can be selected using the shape icon (left most icon on top of Figure 12). The selection
shape can be drawn with the mouse or a predefined selection shape (single shape only) can be loaded by
clicking on the white arrow on blue background icon. Having a predefined shape for points selection
enables the reproducibility of the analysis and data export results.

Figure 12 Selection of multiple points

10
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Once a shape was drawn or loaded, averaged profiles from that area spanning multiple layers (that were
previously selected) can be calculated and displayed, as in Figure 13. One average profile will be produced
from each layer and the number of points averaged in each profile is displayed.

2 Z Feijao
¥ Finlay dam 129D ds t =% = 2015-05-01 w=== Path 155D Feijao ps (14) -12 06 == Path 155D Feijao ds (1) -19.89650 mm,
¥ Finlay dam 129D ps : : 2019-01-22 ’ year :
¥ Finlay dam 1290 ps t = 2 === Path 53D Feijao ps (20) -20.17942 mm/ ™= Path 53D Feijao ds (2) -16.36685 mm
¥ Finlay dam 59D ds = yeal €
+ Finlay dam 59D ds t ]
¥ Finlay dam 59D ps E T
 Finlay dam 59D ps t
y P = £ 20
~ Feijao dam, Brasil = - c
= Q
—8 v Path 155D Feijao ds ~ = £
———8  Path 155D Feijao ps £ < § [ B
———@& v Path 53D Feijao ds = <1
)
———— W Path 53D Feijao ds PW LRt 1
-
———=8 v Path 53D Feijao ps = -20+
B—— M Path 53D Feijao ps PW :
» Junction reservoir, SK - < = 40
» Rafferty dam, SK -
% Open Street Map v e : -60
2161 X 2
-80 1

2016 2017 2018 2019,

Figure 13 Display of average profiles from multiple layers

6.4 Data export

The Profiles and Points icons (with orange background in Figure 13) can be used to export the profiles from
the selected area to either text file or Google Earth kmz formats (Figure 14). The export is available only
to individual profiles and not to averaged profiles.

Download Profiles

RANCSRCTR SR LI EN (-44.1250013,20.121332)

3. KMZ for Path 155D Feijao ps (Google Earth, QGIS)

&, CSV for Path 155D Feijao ds  [KEEHESUURPIRPARE]

& KMZ for Path 155D Feijao ds (Google Earth, QGIS)

& CSV for Path 53D Feijao ps  [REERRECEE R Rk REr

3. KMZ for Path 53D Feijao ps (Google Earth, QGIS)

R AT ETOKDECIEIR M (-44.1290694,20.1120232}

. KMZ for Path 53D Feijao ds (Google Earth, QGIS)

Close

Figure 14 Data export

11
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6.5 Transects

Analysis along or across the area of interest, regardless of the shape of the area, can be carried using the
transect tool. The tool is enabled by clicking on the second icon from left to right in Figure 15 (yellow
shape).

The shape of the transect is drawn with the mouse and the size of the cells (width W —across the transect,
length L — along the transect) is set in the edit boxes illustrated in Figure 15.

X ﬁ od W:L: H Graph @ e (I

Click to Generate Graph after selecting at least one visible sattelite track

~
o o

JwEcE oeh @ @

Filters
Velocity (mmyear)
‘Select Operator

Seloct Logical Operator
_ Select Atiribute

 Select Operator

Seloct Logical

average velocity (mm/year)
|

-
o
L

o
- s e s

'
N
o

=301 . . o'au 3553
0 1000 2000 3000

meters

Figure 16 Transect analysis tool

An example of a transect (in the form of hockey shape) following the Hudson Bay railway is illustrated in
Figure 16. Seventy analysis cells (each 120 meters wide and 50 meters long) were created along a 3500
meters rail section and the average displacement rate per cell was calculated and displayed on the green
graph. By moving the mouse along the green graph, the cell transect cell corresponding to the location of
the mouse on the graph is highlighted in red on the transect (red arrow originates from the selected
transect cell that corresponds to the point at the intersection of the interrupted vertical red line with the
green graph).

Furthermore, Figure 16 illustrates one of the application of the online PSTool platform, detection of
abnormal superelevation (height difference between the inner and outer rail track) areas. The maximum
subsidence rate value of -30.35 mm/year corellates with the maximum superelevation value displayed on
the blue graph (top left) and measured by the ground-based geocar sensor. The vertical interrupted red

12
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arrow shows the correlation between the area of maximum subsidence with the area of extreme
superelevation.

6.6 Transect animation

The averaged displacement dynamics in every transect cell can be displayed as temporal animation, where
the total displacements along the transect are illustrated at every data acquisition time.

b W:L: Graph Timeseries @ ® O (I

Click to Generate Timeseries graph after selecting only one visible sattelite track

Figure 17 Generating spatial deformation time series

Figure 17 illustrates the setup of a transect (cell width 25 meters, cell length 35 meters) and with a shape
drawn with the mouse (as in Figure 18 left). By clicking the green “Time series’ button, the animation will
start. The date at which the cumulated deformation is illustrated with the green graph is displayed on the
top-left of the figure. The animation is automated but a sliding bar is available for manual operation.

-44.115171,-20.123350

X ﬂ‘—_‘! w: . [ (Graph [imeseries) ® 6 0 >

Talude da Barragem Eﬂ‘@

s
“a

M’g.lw

Figure 18 Total deformation — end of the animation

P : < 20181111 ¥ > somzsto
v N
- 5 201
£ 04 i
; s
; ks, i
3,\ 3201 °
&2 \ arragem E I .
,Q ('.orw%}x (14:?'"»’\1L!1@ % -40 7l ’ \
z.
’ln '60 b i .
-80- . s
3 b S
\ reters 0 175 350 525 700
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6.7 Export of transect results

The transect results (spatial average of yearly deformation rates, one value for each transect cell) can be
exported in text format for future analysis (Figure 19).

Average mean velocity alongside lines
Line Length: 821.00 meters /// Step: 25.000000

Tracks: Path 53D Feijao ps -

N
o
I

[Export the values and coordinates. NoData = -999]

10-

average velocity (mm/year)

N
o

!
e

\\ ‘I\ / \
‘\\I‘ \./ \

-20- - \\/h\\t,/k,/\x/’ =

e 0 125 250 375 500 625 y

Figure 19 Export of transect values (average within each transect cell of yearly displacement rates)

6.8 User layers

User layers in geotiff (RGB only) and shape (zipped archive) formats can be loaded by clicking on the arrow
icon on top-right corner of the image in Figure 20. The example illustrates a Sentinel-1 radar image.

14
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Figure 20 User layers in RGB geotiff and shape formats

6.9 Adding a local coordinate system

Alocal coordinate system can be used to easier identify locations of interest on the ground. The coordinate
system is defined by a reference point (red point in Fig 21) and an axis along the monitored feature (red
line in Figure 21). The reference point can be related to a ground feature and the axis along the feature
can be non-linear. The origin (point of zero) in this system (blue point) is located at the intersection
between the local perpendicular between the reference point and the axis. The location coordinates of
any PS point within the area where this coordinate system is defined will be reported in meters (along the
axis and left/right of the axis).

15
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x B ® O

LINESTRING (-126.096433878402 59.4117211853222,-
POINT (-126.096092369725 59.4125379992257)

Figure 21 Local coordinate system (reference, axis, and origin)

The point and line objects are created with a GIS software such as QGiS.
:—QGIS
IE\Ed Settings Plugins Vector Raster Database Web Mesh HCMGIS Processing Help
ﬂ Data Source Manager Ctrl+L (T A

Create Layer 7 Ctrl+Shift+N
Add Layer "« New Shapefile Layer...

Embed Layers and Groups... 53 New Spatialite Layer...
2 Add from Layer Definition File... 1 New Temporary Scratch Layer...
1| 1 Georeferencer... ﬁﬁi} New Mesh Layer...
| (2 Copy Style &2 New GPX Layer...
i Paste Style New Virtual Layer...
o

Figure 22 Create one point shapefile, respectively one LineString shapefile

(2 New Shapefile Layer X
File name
File encoding UTF-8 v
Geometry type No Geometry
Additional dimensions
" MultiPoint
New Field \/w LineString
3 polygon
Name
Type  abcText (string) v
Length 80 Precision
Add to Fields List
Fields List
Name Type Length Precision
id Integer 10

Figure 23 Geometry types for shape layer
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FT VI W Lay S
Zoom to Selection
Show in Qverview
Show Feature Count
Show Labels
Copy Layer
Rename Layer
[ Duplicate Layer
[l Remove Layer...
Move Out of Group
Move to Bottom
Open Attribute Table
L
[} save Layer Edits
& current Edits »
Filter...
Change Data Source...

Set Layer Scale Visibility...

Show all m. Layer CRS 4
Export 4
yers sty )
= es
AR
Add Layer Notes...
V| [l refe

Properties...

v reference point

Figure 24 For each shape (point and line), toggle editing, one at a time
W= 7 a<| [
Cg f_
v QO v =1
oo
8 /X P~

v DQ
ﬁ“\g - |Add Point Feature| - “—\# _ [Add Line Feature
E|(ctrl+) * | AGT | i) X
@® Raster Timeser ®® Raster Timese

a. After toggle editing the point layer b. After toggle editing the line layer

Figure 25 Adding point and line features

I_Clycl L L

Save Features As...
Styles Save Selected Features As...

Add Layer Notes... Save as Layer Definition File...

Properties... Save as QGIS Layer Style File...

Figure 26 separately save the point and line shapes

17



Q Save Vector Layer as...

Format Comma Separated Value [CSV]
File name
Layer name

CRS EPSG:4326 - WGS 84

Enceding UTF-8
Save only selected features
~ Select fields to export and their export options
Name Export name  Type
vid id Integer64

Select All

Use aliases for exported name

v/ Persist layer metadata
v Geometry
Geometry type Automatic
Force multi-type

Include z-dimension

3 Extent (current: none)

~ Layer Options
CREATE_CSVT NO
GEOMETRY AS_WKT

LINEFORMAT <Default>
W Add saved file to map

Deselect All
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-
-
-

Cancel

&

-

Help

Figure 27 Save point and line as csv files, with GEOMETRY AS_WKT

reference_point.csv ** E3|

1  WKT, id

2 "POINT (-126.096061928035 59.4124136529596)","1"

2

Figure 28 Text result of saving as wkt

reference_point.txt * E3|

1 IPOINT (-126.096061928035 59.4124136529596)

Figure 29 the information that needs to be retained, all other characters must be deleted
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X ﬁ QL od @ 0
LINESTRING (-126.096433878402 59.4117211853222 -

POINT (-126.096092369725 59.4125379992257) @

Figure 30 loading the point and line features into C-GMS. Gren mark means “format correct”

Point at coordinates: -126.0961035 59.4125383 - Liard FSL13D v8 4 total - Local X: 146.80071186307234 Local Y: -6.659387521833075 &

2024-04-15 D 988 Velocity [nm/year] 0.23 Height uncert [m] 0.00
2025-11-08 » Height [m] 432.09 Quality 0.26 Velocity uncert [nm/year] 0.28
Export CSV Ancillary | -- select -- v|:C

—~ 301

£

E

S 204

©

E

(o]

% 104

©

— linear regression

T T T T T T
2024/07 2024/10 2025/01 2025/04 2025/07 2025/10

Local X: 146.80071186307234 Local Y:-6.659387521833075

Figure 31 The local coordinates will be displayed at the top. Selected point is 146 m from the origin and 6.65 m left of the axis.
The sign of X is positive on the right and negative on the left of the axis.

The sign on the Y coordinate depends on how the line axis is drawn (location of start and stop points).
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/ Logout

The logout button is illustrated in Figure 21. At logout, any additional background layers loaded by the
user will be unloaded.

Log Out'

Figure 32 Logout icon
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