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STEP 1: IMPORT DATA
1.1 Load .BIN file

This tutorial shows the basic steps for processing a single 2D line. ERTT.ab Studio, however, also optimally manage
multi-line 3D acquisitions and unconventional electrodic configurations (for example, loop configuration). The
process shown 1n this guide is valid even in these more complex cases.

: +X|-X |+Y| -Y |+Z| -Z [v]Perspective Auto Centre Capture Full Screen View Picker settings
1 5 Ca.mera‘ . .
g et Action Tool 5 Load a previous  Load .wDat file (MPT-
~-[¥] Graphic Objects ﬁ prOJeCt (f| Ie . DATA) Mu |tISOU rce)

Load .BIN file
B Action ool (formato IRIS Syscal)

ERTLab % |7
o L 3
C“j Load — Load MultiSource [ — Load Bin ]

Scene  Settings

M visible @ —
Rototranslation ® | RecentFiles New Project E:_“,E‘ File Operations
X ¥ z (# P ===1
Position ‘o HU ||0 |
Rotation o IC 1o | 7> New 4D Project
O R [ R o
Pick vz 7 Xy
[ Lock Ratio

. Show license information

Load a recently
opened project

Load two projects and make operations
between them (useful for time lapse
evaluations)

4D Project Empty Project
¥ Creation Creation

www.geostudiastier.com 2



http://www.geostudiastier.com/

od » & ud | L ~—a ge -_— o T -~ o~

iVl BUVN A ANIY FTUHALVI TV BTG &7

STEP 1: IMPORT DATA
1.1 Load .BIN file

Each Syscal .BIN file can be associated to a CONVERSION TABLE to assign the electrodes to the
coordinates (absolute or relative) to which the measurements are associated. Without the conversion table,
data will be loaded with the coordinates used for the sequence acquisition.

The conversion table is a 7-column .txt file:

ELECTRODE SEQUENCE REAL COORDINATES
NUMBER COORDINATES (absolute or relative)
|T e — — ERTLab Studio automatically reads the conversion
1 0 0 0 245.630 47263.770 86.000 o )
o) ) 0 0 245 950 47262.830 85 790 @ table When the .BIN flle IS Ioad, prOVIdEd that the
3 4 0 0 246.010 47261.910 85.610 - )
4 6 0 0 246.010 47261.000 85.560 two files have the SAME NAME:
5 8 0 0 246.080 47259940 85.590
6 10 0 0 246.280 47258.900 85.770
7 12 0 0 246.460 47257.990 85.690 Example
8 14 0 0 246.540 47257.280 85.150
9 16 0 0 246.620 47256.090 84.410 - )
10 18 0 0 246.900 47255.240 84.280 File .BIN » Example Line .BIN
11 20 0 0 246.950 47254.310 84.050 : . :
b - 0 0 247 130 17533 240 24 020 Associated Conversion Table — Example Line.TXT
13 24 0 0 247.200 47252.370 83.790

In case of acquisition with REMOTE POLE it 1s possible to:

* When project is loaded, check + in REM coloumn of the coorresponding electrode (in electrodes table,

Paragraph 2.1) OR

* Insert it in the conversion table, associating it at the ELECTRODE NUMBER = -1; in this case, ERTLab
Studio will automatically identify it as a remote pole:

70 138 0 0 66.090 47201.970 87.550

71 140 0 0 66.510 47201.200 87.870

12, S C > — (LI 0_. 66.740 47200.190 88.260

Tu (13 19315 7181 178 15.660 47181.190 78.420
'/Asﬂer Random coordinates

www.geostudiastier.com 3
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STEP 1: IMPORT DATA
1.2 Preliminary Project translation

If the loaded file includes electrodes with geographic coordinates (UTM), ERTLab Stxdio suggests to switch to a
Local Reference System, shifting the system closer to the origin of the reference axes (near X=0, Y=0); this allows a
good manage of data display even using not particularly performing calculators.

The optimal TRANSLATION values are automatically calculated and suggested by ERTLab S7xdio.

Message ERT Data Rototranslation X
Angle (deg) 0 At the end of the processing, it is
Big coordinates found (graphical accuracy may be lost). necessary to perform the
Do you want to translate to local coordinates? X -245 ANTITRANSLATION (X and Y
Y 47181 values with inverted sign, in this
[—5‘—] o I: case +245 e +47181) to return the
— — Ok Cancel system to the exact coordinates.

If a TOPOGRAPHY file has to be upload to the project, it must also be subject to the same translation. In this
case, there are two ways to do this:

* Apply automatic translation to the project at this step and subsequently translate the topography using the
proper tool, setting the SAME X and Y translation values (Paragraph 2.3);

* DO NOT apply automatic translation to the project at this step (click CANCEL) and translate topography
and project together subsequently (Paragraph 2.3)

@5 U
1/AET%
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STEP 1: IMPORT DATA
1.2 Preliminary Project translation

When .BIN file is open, an information window summarizes the main features of the file.

B viewlab3D - O X
-0 A11+X| X | +Y| -¥ | +Z|-Z | []Perspective Auto Centre Capture Full Screen View Picker settings
50
' )
D .
0 \
D . . .
0 Opening information
'
= message
oy ]
=0 -
-0 Message >
oy
o
s v . The loaded .BIN file contain
File Summary
Scene  settings 73 electrodes and 8400
[ visible Flectrodes: 73 items measurements.
Rototranslation Quadrupoles: 8400 measurements .
X v . Topography: Empty No TOPOGRAPHY files have
Position [ o IE IE | Mesh: Empty been uploaded yet and the
Rotation | 0 [E [E | MESH has not generated
Scale |1 K K |
Pick yet.
YZ X XY oK
[ Lock Ratio
Y
Z-X

www.geostudiastier.com 6
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STEP 1: IMPORT DATA
1.3 Save .DATA file

From this point on, it is possible to save the file as .DATA File. To reopen this file later, use Ioad on the file
upload screen and no longer I.oad Bin.

B Viewlab3D - O X

=lv] Home +X|[=x |l+Y]l -¥||+Z-Z Perspective Auto Centre Capture Full Screen View Picker settings
-{ | Camera ) o

-[¥] Orientation Tools
e
Graphic Objects

] Save As...
Graphic Objecty
~[v] Electrodes

i [¥] Measurements

#&Topography | Append Electrodes and Data i 2D LINE display (with electrodes and measurements shown)

Centre Camera To This
Append Configuration 2

##] Mesh and Mod ERT Data Rototranslation
Show Praject Info

-----

“(‘-’""""'?"’i.- -. i Sz fady -
Jiﬁ‘f‘ “xlh\bfhng{’:l' : }:i
:- ».{J,xf-:"ie. 2 '?_rwr ‘3

’5‘(-“ c c.....

[l Visible Name| Linea 2D_Esempio ‘

Rototranslation

L 2
X v z ST TR R LR £
o Vo o % = ] e
Position |0 |0 IR \ AR LS TOROA 1 F 5
Rotation | 0 || 0 H 0 ‘ - : . .
& Choose the DATA file name X
s
sl 1 K K |
Pick Organizza ~ Nuova cartella = o @
o YZ ZX XY . ~ _ o
m Desktop * Nome Tipo Dimensione
i + Download g
[JLock Ratio i | Linea 2D_Esempio.txt Documento di testo 4 KB
i = Document * | T fia.txt D: to di test 29 KB
Favourite POVs = Immagini + opogratia. ocumento di testo
Save Current POV i Apply ete P 22 Dropbox
@ OneDrive
Custom POV Allegati di posta elett .
T v Tz Documents From .BIN File to .DATA
Pictures
POV File
| FP 4 = Questo PC
| N XY m Desktop v vI |7
Nome file: | Linea 2D_Esempio.data \/ -
Salva come: DATA files (*.data;*.txt) v
4 Nascondi cartelle 3 Annulla

www.geostudiastier.com 8
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ERTLab Studio
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STEP 2: DATA CHECK
2.1 Electrodes check

Before proceeding with the next steps, it is advisable to check the electrodes and modify any incorrect

information.
- ViewlLab3D
={v] Home
-{ | Camera
-[v] Orientation Tools .
O Table for managing inside the
Graphic Objects green rectangle to
=¥ Linea 2D_Esempio { 5 display all columns
D B Table ‘: Z —
Graphlc DbJECtS Group ID X Y z Zsurf | REM Skip '
] " 1 [Cabled | 1 063 | 8277 | 186 L
1 . M Tools 2 2 Cablenl 2 095 8183  185.79 i
- easure : 3 Cable1 3 101 8091 18561 setto... _
TO oarz Centr mera Tﬂ Th|5 4 Cable_1 4 101 a0 185.56 IIilectroil;j.s F;ot;:translatlon
- C - reegie 15 50
M P hg Run Seduence Generation 2 EaE:e_:II Z 12: 7?8?'9: 1:2?3 Select Visible Columns > ¥ Group
v es ar . able_ . . 3 TOoTT Fal Fal v D
& Run Mesh Generation 7 | Cablel 7 146 7699 18569 18569 % x —1"
8 | Cable1 8 154 7628  185.15  185.15 % % vy
Run Forward Model 9 | Cable_1 9 162 7509 18441 18447 % % B z
Run Sensitivity 10 Cable1 10 19 7424 18428 18428 X % v 7 surf
) 11 | Cable1 11 195 7331 18405  184.05 ® ® @
Run Inversion | & Electrodes - Tools - (W X 12 | Cable1 12 212 7254 18406  184.06 x % RX
13 Cable_1 13 2.2 71.37 183.79  183.79 b b ¥ REM
3 Table 14 Cable_1 14 2.52 70.5 184.39  184.39 b4 b4 BQR
15 | Cable1 15 2.76 69.5 18436 184.36 ® ® ¥ Skip
) ) 16 | Cable1 16 291 6854 18439 18439 % % Roll
*~ Create / Edit 17 | Cable1 17 3.11 67.66 18417 18417 ® ® L show Al
18 | Cable1 18 331 6667 18414 18414 % %
s Remove Duplicated 19 | Cable1 19 355 6565 18426  184.26 ® %
20 | Cable1 20 392 6464 18415 18415 % %
21 | Cable1 21 4.1 6383 1841 1841 % %
<3 Import 22 | Cable1 22 442 6285 18412 18412 % %
23 | Cable1| 23 454 6187 18415 18415 ® %
5 e 24 | Cable1 24 466 6096 18379 18379 % %
25 | Cable1 25 493 5967 18393 183.93 ® ®

www.geostudiastier.com 10
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STEP 2: DATA CHECK
2.1 Electrodes check

% Table — ] X
{ Group = ID X Y z Zsurf | TX RX REM = BOR  Skip Roll A
1 | cable_1 1 063 | 8277 186 186 v v X x X X
> |cable1 2 095 = 81.83 18579 18579 | v ® * X ®
3 |cable1 3 1.01 8091 18561 18561 | v ® x X -
4 |cabler 4 1.01 80 | 18556 18556 | v ® * * ®
5 |cable1 5 1.08 7894 | 18559 18559 | v ® » X x
6 |Cable1 6 1.28 779 | 18577 18577 | v ® * * *
7 |cable1 7 146 7699 | 18569 18569 | v ® * X ®
8 |cable1 8 154 | 7628 18515 18515 | v 5 * 5 ®
o |cable1 9 162 7509 | 18441 18441 | v ® * X ®
10 | cable1 10 19 7424 | 18428 | 18428 | w v ® x X X
11 | cable1 11 195 7331 | 18405 18405 | v ® * X ®
12 |cable1 12 212 | 7254 | 18406 18406 | v v ® x X -
13 \Cable1 13 2.2 7137 18379 18379 ) v ® * * ®

* Group: cable name.
e ID: it is a counter that is used to identify each element of the group. It is a not editable column. It's not
possible to associate the same 'ID' to more than one electrode of the same group, but two or more electrodes

of different groups can have the same 'ID".

* X,Y,Z: Coordinate of the electrodes in the space. It is possible to change the value of X/Y/Z by double-
clicking the proper box.

* Zsurf: Z coordinate of the surface (if electrodes are positioned on the surface of the investigated area the Z
and the Zsurf have the same value). It is possible to change the value by double-clicking the proper box.

www.geostudiastier.com 11
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STEP 2: DATA CHECK
2.1 Electrodes check

% Table — ] X
Group ID X Y z Z surf X RX REM BOR Skip Roll ~
1 Cable_1 1 0.63 82.77 186 186 w L x p 4 b 4 b 4
2 Cable_1 2 0.95 81.83 185.79 185.79 v  d b4 *® * *
3 Cable_1 3 1.01 80.91 185.61 185.61 v v x x b4 b4
4 Cable_1 4 1.01 80 185.56 185.56 L v b4 *® * *
5 Cable_1 5 1.08 78.94 185.59 185.59 v v x ) 4 * *
6 Cable_1 6 1.28 77.9 185.77 185.77 v L p 4 )4 b4 b4
7 Cable_1 7 1.46 76.99 185.69 185.69 v v b4 *® * *
8 Cable_1 8 1.54 76.28 185.15 185.15 W W x b4 x x
9 Cable_1 9 1.62 75.09 184.41 184.41 v v b4 *® * *
10 Cable_1 10 1.9 74.24 184.28 184.28 v v x x b 4 b 4
11 Cable_1 11 1.95 73.31 184.05 184.05 v  d b4 *® * *
12 Cable_1 12 2.12 72.54 184.06 184.06 v v x x b4 b4
13 Cable_1 13 2.2 71.37 183.79 183.79 L v b4 *® * *

« TX: if it is flagged with # it means that the relative electrode work as transmitter. If it is flagged with % |
instead, the electrode works just as receiver. This occurs especially with not-polarizable electrodes, which would be
damaged if they sent current.

* RX: : if it is flagged with «~ it means that the relative electrode work as receiver. If it is flagged with §¢
instead, the electrode works just as transmitter.

Generally, the electrodes works both as transmitters that as receivers, so both flags are « by default. During the
sequence generation, it is possible to choose which electrodes must work as transmitters and/or receivers (double
click in the proper box to switch between « flag and ¥ flag, and vice versa).

www.geostudiastier.com 12
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STEP 2: DATA CHECK
2.1 Electrodes check

% Table — ] X
Group = ID X Y z Zsurf | TX RX [ REM = BOR  skip | Roll A
1 [ cable_t 1 063 | 8277 186 186 v v X x X X
2 | Cable1 2 095 = 81.83 18579 18579 @ v ® * X ®
3 | Cable1 3 1.01 8091 18561 18561 v ® x X -
4 | Cable1 4 1.01 80 | 18556 18556 @ v ® * * ®
5 | Cable1 5 108 7894 | 18559 18559 @ v v ® » X x
6 | Cable1 6 1.28 779 | 18577 18577 @« v ® * * *
7 | cable1 7 146 7699 | 18569 18569 v ® * X ®
8 | Cable1 8 154 | 7628 18515 18515 @ v 5 * 5 ®
o | Cable1 9 162 7509 | 18441 18441 v ® * X ®
10 | Cable1 10 19 7424 | 18428 | 18428 @ v v ® x X X
11 | Cable_1 11 195 7331 | 18405 18405 < v ® * X ®
12 | cable1 12 212 | 7254 | 18406 18406 @ v v ® x X -
13 | Cable1 13 2.2 7137 | 18379 | 18379 @« v | % * x ) x

* REM: flag of remote electrode. All electrodes have the 3 symbol, except the electrode relative to the
remote pole, which 1s instead identified by the «~ . It is possible to change the flag by double-clicking the
proper box.

@ If the remote pole was not inserted in the conversion table file (Paragraph 1.1), check the proper box with the

v flag before proceeding with the measurements filtering;

* BOR: during sequence generation, it is possible to identify electrodes that work in hole and those placed on
the surface. If the Bor flag is with the % symbol, it means that the relative electrode belongs to a borehole survey
(and Zsurfis different from Z); if it is flagged with the % symbol, instead, the electrode is on the surface.

U
—~ ,Agﬂer
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STEP 2: DATA CHECK
2.1 Electrodes check

S Table — O X
Group ID X Y z Z surf X RX REM BOR Skip Roll ~
1 Cable_1 1 0.63 82.77 186 186 v v 4 * 4 x
2 Cable_1 2 0.95 81.83 185.79 185.79 W W * 4 b4 b4
3 Cable_1 3 1.01 80.91 185.61 185.61 v v *x 4 @ b4
4 Cable_1 4 1.01 80 185.56 185.56 v L4 * 4 4 b4
5 Cable_1 5 1.08 78.94 185.59 185.59 w v * ¥ * b4
6 Cable_1 6 1.28 77.9 185.77 185.77 v v b4 4 v 4
7 Cable_1 7 1.46 76.99 185.69 185.69 L L4 b4 b4 v ®
8 Cable_1 8 1.54 76.28 185.15 185.15 v v b 4 b4 xﬁ b4
9 Cable_1 9 1.62 75.09 184.41 184.41 W v b4 b 4 x tAppend Row
10 Cable_T1 10 1.9 74.24 184.28 184.28 v v b 4 * 9 | Delete
Set to ...
11 Cable_1 11 1.95 73.31 184.05 184.05 W W * 4 b4 ex et et o e
12 Cable_1 12 2.12 72.54 184.06 184.06 d w x x X | |skip Measurements using skipped Electrodes |
13 Cable_1 13 2.2 71.37 183.79 183.79 v L4 * 4 ¢ | Freeze this Sort
Select Visible Columns

e Skip: If one or more electrodes did not work during the acquisition, it is possible to delete the proper
measurements following the steps described here:
o Mark the S&ip box of the electrodes with the « flag, double-clicking the proper box (in the example,
electrodes 3, 6 and 7);
Right-click anywhere inside the electrodes table;
o Click on Skip Measurements using skipped electrodes; with this function the measurements involving the
electrodes marked by the flag «” are not used for inversion, but they are still in the dataset (they are not

used for the inversion but they are not deleted, so it is possible to retrieve them later).

The same procedure, if applied during the sequence generation, allows to exclude some electrodes already

during data acquisition.

U
—~ ,Agﬂer
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STEP 2: DATA CHECK
2.1 Electrodes check

% Table — ] X
Group ID X Y z Z surf X RX REM BOR Skip Roll ~
1 Cable_1 1 0.63 82.77 186 186 w L x p 4 b 4 b 4
2 Cable_1 2 0.95 81.83 185.79 185.79 v  d b4 *® * *
3 Cable_1 3 1.01 80.91 185.61 185.61 v v x x b4 b4
4 Cable_1 4 1.01 80 185.56 185.56 L v b4 *® * *
5 Cable_1 5 1.08 78.94 185.59 185.59 v v x ) 4 * *
6 Cable_1 6 1.28 77.9 185.77 185.77 v L p 4 )4 b4 b4
7 Cable_1 7 1.46 76.99 185.69 185.69 v v b4 *® * *
8 Cable_1 8 1.54 76.28 185.15 185.15 W W x b4 x x
9 Cable_1 9 1.62 75.09 184.41 184.41 v v b4 *® * *
10 Cable_1 10 1.9 74.24 184.28 184.28 v v x x b 4 b 4
11 Cable_1 11 1.95 73.31 184.05 184.05 v  d b4 *® * *
12 Cable_1 12 2.12 72.54 184.06 184.06 v v x x b4 b4
13 Cable_1 13 2.2 71.37 183.79 183.79 L v b4 *® * *

e ROLL: if during the acquisition the roll-along method was adopted, the electrode commons at two
consecutive lines are marked with % symbol , otherwise they are marked as . Electrodes that remain in

place (in blue in the figure below) are marked by the Roll tag during the sequence generation.

A Example of Roll-Along Method acquisition

After the L1 line is acquired, the L2 line is positioned moving the
electrodes from 1 to 7 and leaving the other electrodes in place.
So the electrodes 8, 9 and 10 of Line 1 become the electrodes 1,
2 and 3 for line 2 (here, L1 and L2 are represented apart but they
. are actually on the same line and the electrodes in blue are not

moved).

www.geostudiastier.com 15
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STEP 2: DATA CHECK
2.2 Load Topography

It 1s possible to add a topography file, which allows a more correct reconstruction of the 3D volume and
processing of data, especially in non-flat contexts.

k’ _ — topography file must be a .txt file with 3 columns :
v IceWLdDoL Coordinate X Coordinate Y Coordinate Z
=2-- Home | |
------- [ | Camera
_______ Dl’iE ﬂtﬂtiﬂﬂ TGO'S _| Topografia.txt - Blocco note
_______ D File Modifica Formato Visualizza ?
_ _ 138.51 245.02 -21.87
------- Graphic Objects 135.09  245.02  -21.75
. . 137.92 241.87 -21.74
=¥l Linea 2D_Esempio 13491 24192 2171
....... ] 141.99 24277 -21.97
_ _ 143.53  240.73  -21.96
------- Graphic Objects 14883 24182 2235 Example of Topography
14910 24375 2245 file (in local coordinates)
....... o
Electrodes 154.22 243 .40 -22.82
f--[#] Measurements 154.48 24145 -22.74
" 140.29 237.78 -21.76
=il opograpny 2 137.13 23334 -21.60
1. Surface 131.34 23340 -21.66
B - 131.55 224.39 -21.28
i-[ldsh and M | Append File 13586  222.56 -21.08
Centre Camera To This 133.82  216.60 -20.82
131.40 216.76 -20.96
129.14 211.28 -20.67
130.63 210.09 -20.50

www.geostudiastier.com 17
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STEP 2: DATA CHECK
2.2 Load Topography

It is possible to manage the display of the topography through the tools in the Surface sub-node.

B& ViewLab3D

[ ] Grid

-[¥] Graphic Objects
-] Electrodes

=1[¥] Measurements
D Colour Scale
={¥] Topography
[TSurtace
=4l Mesh and Model

|

+X | -X +Y‘ -Y | +Z

M [“] Perspective Auto Centre ‘ ’ Capture ’ ’ Full Screen ‘ ‘ View Picker settings

Visible
Transparency: ¥

Colour NN

Panel for managing the
display of topographical
points

Fill
Visible
Transparency: v

Colour[ ]
[JWireframe Width

Smoother ¥

Panel for managing the diéplay of
the surface which interpolates
the topographic points.

R
R

www.geostudiastier.com
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DATA CHECK
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Topography with black wireframe surface,

with smooth applied and medium level of

transparency
www.geostudiastier.com

19

Point

Fill

Topography with green surface, with
smooth and medium level of transparency
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

g
2) DATA CHECK ] >

- o \
2.1 ELECTRODES CHECK
2.2 LOAD TOPOGRAPHY
2.3 POSTPONED PROJECT
TRANSLATION
_ J _ J \ /
r I . | . | | . | N I I I I I I | I I I |
l ( 1 - N e ™
a N a N\
| L \ 4
' p, _ p,
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STEP 2: DATA CHECK
2.3 Post-poned project translation

After the topography is loaded, if it is in geographic coordinates (UTM), ERTLab S#udio suggests the transition
to a local reference system, shifting the system closer to the origin of the reference axes (near X=0, Y=0); this
allows a reactive management of data even with the use of a not very performing calculators.

i Viewlab3D Enter the SAME X and Y
i H°C"; . translation values that ERTLab
[ Orientation Tools Studio automatically calculates at
. . O . y
* IF during the loading of the .BIN ) Graphic Objects the .BIN file opening,.
. =[] Linea 2D_Esempio
File has been chosen to apply the O \/
Graphic Objects - _ .
AUTOMATIC TRANSLATION Of & Electrodes % Topography - Tools o % ERT Data Rototranslation X
. . [v] Measurements & Decimate Andle (d
the system, it is necessary to apply - = e ngle(deg) |0
Topograph X i
the SAME TRANSLATION also to e @z | —TTTT
=% Mesh and M Cent mera To This
TOPOGRAPHY Mesh T ST e (TR e * Update Electrode Z from Topography Y -47181
’ =Tl Run Mesh Generation T Delete
P 0 Run Forward Model Ok Cancel
0 Run Sensitivity = gt
0 - Run Inversion

* IF during the loading of the .BIN file has been chosen to NOT apply the AUTOMATIC TRANSLATION of
the system, now it is possible to move the entire project jointly. To do that:

o  SAVE the current project (with electrodes check and the topography loading done);
CLOSE the project;
o  LOAD again the project=> at this point, ERTLab S#udio suggests the AUTOMATIC TRANSLATION again, based

on the coordinates of the project and the topography loaded together;
0 APPLY THE SUGGESTED AUTOTRANSLATION.

Whatever the translation mode is perform, at the end of processing it is possible to make an
ANTITRANSLATION (values of X and Y with inverted sign) to return the system to the original coordinates.

U
—~ ,Agﬂer
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

j> . 1 :> 3) DATA CLEANING j>

3.1 ELIMINATION OF
DUPLICATE ELECTRODES
AND DUPLICATE AND
RECIPROCAL
MEASUREMENTS

3.2 DATA FILTERING
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STEP 3: DATA CLEANING
3.1 Elimination of duplicate electrodes and duplicate and reciprocal measurements

DUPLICATED ELECTRODES = Electrodes with same coordinates.

They can result from a repetition during the record of the electrode positioning by the topographer (with a
small difference between the two measurements) or from two 2D lines that intersect not at the same electrode.

Tolerance of the distance between two
electrodes (in meters). At values higher

& Viewlab3D than those indicated, electrodes are
[ Orientation Tools considered as two individual entities. At
= lower values, the two electrodes are joined
[ Graphic Objects 8% Electrodes - Tools  — 0 % into a single electrode.
=-[v] Linea 2D_Esempio

--[v] Graphic Objects
ofls < Create / Edit Remove Duplicated hot
1E Measur i
E Centr era To This : . .
T Eo|pogr Run ce Generation I‘E"" Remove Duplicated I Min Distance 0.001
Run Medh Generation
5. ¥ Mesh
= ide::' Run Forward Model e Import Ok C |
3 Run Sensitivity ance
F-LiRe Run Inversion | B Export
Message ; X
Do not delete duplicate electrodes does not cause
errors in the inversion process, but it can make it mote No duplicate electrodes o Merged 0 Elecrodes
time consuming. were found in this case
0] 4

U
—~ ,Agﬂer
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STEP 3: DATA CLEANING
3.1 Elimination of duplicate electrodes and duplicate and reciprocal measurements

RECIPROCAL MEASUREMENTS—> Measurements with Tx and Rx reversed. Theoretically, they should

give the same measure

AB MN = MN AB - RECIPROCAL MEASUREMENTS

AB MN = BA MN AB MN = NM AB

_ DUPLICATE
ABMN =BANM & CUREMENTS | ABMN = MN BA | DUPLICATE OF RECIPROCAL

ABMN =AB NM AB MN = NM BA MEASUREMENTS Information about the number of
reciprocal quadrupoles and the %

average of Apparent Resistivity

B ViewLab3D Q 5

QOrientation Tools E.. Measurements - Tools - O %

D Table
--[¥] Graphic Objects

Message X

<]
-
=
)
o
P
IU
L
L
]
3
=3
L]
o

Remove Duplicated I 0 Duplicate/Reciprocal=

] s Histogram 4/8400 (0.05%) Quadrupoles
~[v] Graphic Objects
[ Electrodes it Scatter Plot Aver:':zge of % diff = 2.8.4%
1 i 2 Median Value of % diff = 3.85%

H___JTopography

o Centr era To This A Import

Run Sequence Generation 0K

B Mesh and Mo ) - Export

[ Mesh Run Mesh Generation

ED Run Forward Model

Run Sensitivity v

Remove Duplicated X

Export .CSV file with information about duplicate/reciprocal measurements
[]Export Report to CSV

Removes reciprocal measurements from the dataset [“IRemove Duplicated
[ ]Set as Noise

Value that ERTLab will attribute to Rho noise
% for the inversion (Paragraph 5.1) Ok Cancel
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

j> . 1 :> 3) DATA CLEANING j>

3.1 ELIMINATION OF
DUPLICATE ELECTRODES
AND DUPLICATE AND
RECIPROCAL
MEASUREMENTS

3.2 DATA FILTERING
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STEP 3: DATA CLEANING
3.2 Data Filtering

It 1s possible to clean data following different approaches:

* STATISTICAL ANALYSIS OF MEASURES > By graphical representation of measurements (Histograms);

 NUMERICAL ANALYSIS OF MEASURES - By sorting measutemnts (increasing values, decreasing values,
absolute value..);

* GRAPHICAL ANALYSIS OF MEASURES > Plotting data in 2D charts.

The first type is the most commonly used. Pea— E—
Measurement Type | App Res [Ohm*m] ~
% ViewlLab3D bf— 5000
Nomberorias 5
- & Home umber of Bars | 50
[ Ccamera [“ILog Scale 45001
b Orientation Tools Remavelhata
O 4000
Mode i imits -~
¥ Graphic Objects Outside Limits II
=+ E‘ea 2D-Esempio Min | -41977952.04| Max | 37141586.447] %00
Graphic Objects Apply 2000
Electrodes .
1 3
82500
Topography Tools__2 _ Preset
: [v] Surface = AL Th's' Save/Append Execute ... View ...
;! Mesh and Mod: Run nce Generation 2000
Run Mésh Generation
Run Forward Model Unskip All Capture 1500
Run Sensitivity
Run Inversion Data Statistics: 000
Min= -41977952.0499572
B Measurements - Tools — O Max= 37141586.4479381
) Average= 15050 5004
Table Median= 5179
Std-Dev= 775600 0 =) .
- Remove Duplicated M: 8400 200000 -loueo AppRe;J[Ohm'm] 1000a0 2uauuo
1 Histogram
" ater bl Choice of the type of measure Setting of mode and values
to filter for data filtering
i | Delete
a import Setting of histogram display L.
Statistical summary of data
§ Export mode

www.geostudiastier.com
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STEP 3: DATA CLEANING
3.2 Data Filtering_Statistical Analysis

Example filtering Apparent Resistivity:

Il. Optionally increase the
number of bars of the
histogram and set the
logarithmic display mode for a
better representation of data

distribution.

lll. Select Outside Limits to filter
data external to cut limits values
(areas highlighted in red in the
histogram) and preserve the
INTERNAL data (area highlighted in
green in the histogram);

IV. Write cut values, maximum, and
minimum, basing on histogram
trend;

U
—~ ,Agﬂer

I. Select App Res (Ohm*m) from the drop-down menu.

Il » & ud |

L Tl ! fe

I =VIN AN ’

UWeVI Tl i)

“ &L

£ Histogram

Measurement Type App Res [Ohm*m] l ~

Number of Bars
[1Log Scale

Remove Data

/Mode Outside Limits ~ II
Min 0 | Max | 120000 |

Apply

Preset

Save/Append View ...

Unskip All Capture

Data Statistics:

Min= -41977952.0499572
Max= 37141586.4479381
Average= 15080
Median= 5180

Std-Dev= 775400

Total Data= 8400
Skipped Data= 0 [ 0 %]

50004

4500+

3500

2000

1500

1000+

200+

Min

f
-200000

-lugoaa

[}
App Res (Ohm™m)

O X

Max

|
I
I
1
I
I
I
1
I
|
1
1
1
I
I
I
I
|
I
|
1
1
|
1
1
1
I
I
1
I
1
1
1
|
1
|
1
I
I
o

100000

¥
200000

\

V. Click Apply
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STEP 3: DATA CLEANING
3.2 Data Filtering_Statistical Analysis

VI. Check the quantity of deleted data after the application of filtering, in the Statistical Summary panel.

% Histogram — O e
Measurement Type App Res [Ohm*m] w
Number of Bars | 50 13007
[]Log Scale 1200
Remove Data
In this case, the 1100
values<0 were deleted Mode | Qutside Limits ~ II
because in a 2D line 10007
negative Apparent Min | 0 Max | 100000
Resistivity values
constitute noise Apply
Preset
Save/Append Execute ... View ...
Unskip All Capture

Data Statistics:
Min= 1.23654295034916
Max= 99533.6244718169

0
Average= 11930 13.77% Of
Median= 5970 measures
Std-Dev= 28970 .
R filtered

Skipped Data= 1157 [ 13.77 %]1 10000 20000 30000 4UL;EJU R‘:;UL:%L:.I %E]UUU 70000 BUOOU 90000
I PP Res (Ohm"

Repeat the steps for the other voices to filter, selecting them from the drop-down menu.

ta @ To filter the Quality Factor g, clean the percentage standard deviation data (StdDev V/I %)

R sfie!
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STEP 3: DATA CLEANING
3.2 Data Filtering_Statistical Analysis

The filtered data has NOT been deleted from the dataset, but they will not be used for inversion. However,
it is possible to delete them from the project.

B Table - O X

t, V|ewLab3D ID Gr A ElLA Gr B EILB Gr M ElLM Gr N EIN V [mV] V/1 [Ohm] App Res [Ohm*m] Current [mA]| *
: Cable_1 1 Cable_1 2 Cable_1 3 Cable_1 4 15151914062173.49681329¢  25717.98 3.064
= Home 2 Cable_1 1 Cable_1 2 Cable_1 4 | Cable1 5 00.3947753906.470880401: 2019078 3.064
3 Cable_1 1 Cable_1 2 Cable_1 5 Cable_1 6 1380126953 04.879849006 17935.11 3.064
Camera 4 cable1 1 Cable_1 2 Cable_1 6 Cable_1 7 4.86883544958573154530¢  26539.58 3.064
_____ Orientation Tools 5 Cable_1 1 Cable_1 2 Cable_1 7 Cable_1 8 .8813514709..2783824255¢ 132203 3.064
: . 6 Cable_1 1 Cable_1 2 Cable_1 8 Cable_1 9 .10758972161.0678191396;  10382.23 3.064
| O p enin g t h e 7 Cable_1 1 Cable_1 2 Cable_1 9 Cable 1 10 | 4096775054334193919641 1097618 3.064
-[4 Graphic Objects 3 Cable_1 1 Cable_1 2 Gable1 10 Cablel 11 |340400695835353369210: 9513.19 3.064
measureme nts ta b | e 9 Cable_1 1 Cable_1 2 Cable_1 11 Cable_1 12 4810676574776772899358 10132.44 3.064
= Linea 2D_Esempio Y 10 Cable_1 1 Cable_1 2 Cablel 12 Cablel 13 4149112701:96761216008:  -2467.94 3.064
0 t h e fi Ite red measures 11 Cable_1 1 Cable_1 3 Cable_1 5 Cable_1 7 97.5454101543487157773¢ 16305.97 4377
12 Cable_1 1 Cable_1 3 Cable_1 7 Cable_1 9 5.376647949:.1932267640° 9877.19 4377
Graphic Objects 13 Cable_1 1 Cable_1 3 Cable1 9 Cable1 11 3370971679 .7794035708( 8815.34 4377
Electrodes are grayed Out. 14 Cable_1 1 Cable_1 3 Cable1 11 | Cablel 13  .4902572631145247643617: 3284.74 4377
: 15 Cable_1 1 Cable_1 3 Cable1 13 | Cable1 15  504666137612732182673¢  57833.23 4377
1 Measurements, 16 Cable_1 1 Cable_1 3 Cable1 15  Cablel 17  3.0729064947.20176051002  -56994.81 4377
Topography Tools 2 17 Cable_1 1 Cable_1 3 Cable1 17  Cable1 19  4541053771589672940295  -37417.93 4377
- 18 Cable_1 1 Cable_1 3 Cable1 19 Cablel 21  4817636013('95395883276 -359.34 4377
[ Surface Cen mera To This 19 Cable 1 1 Cable_1 3 Cable 1 21  Cable1 23 39475250244 57508044331; 9230.16 4377
+ Mesh and Mod: Run nce Generation 20 Cable_1 1 Cable_1 3 Cablel 23 Cablel 25  1617527008(21414429763 1665003 4377
Run Mdsh Generation 21 Cable1 1 Cable_1 4 Cable1 7 Cable.1 10  7.85559082076.834663726.  13784.29 409
22 Cable1 1 Cable_1 4 Cablel 10 | Cablel 13 4.854827880:.6340640264¢ 6028.96 4.09
Run Forward Model 23 Cable_1 1 Cable_1 4 Cable_1 13 Cable_1 16 7.118286132:3.1898913921¢ 28949.14 4.09
Run Sensitivity 24 Cable_1 1 Cable_1 4 Cablel 16  Cablel 19  1.350524902:77983556868  -52151.2 409
. 25 Cable_1 1 Cable_1 4 Cablel 19 Cablel 22 8752975463.54814413543 14987.17 409
Run Inversion 26 Cable1 1 Cable_1 4 Cable1 22 Cable1 25  0832195281998727695591  -15880.36 4.09
27 Cable1 1 Cable_1 4 Cablel 25  Cable1 28 15498661994 50472156873 758.12 409

28 Cable_1 1 Cable_1 4 Cablel 28  Cablel 31 72180366516 20932696050 3037.52 409 v

< >
!., Measurements - Tools — O X

l Table q

= Remove Duplicated
i Histogram
i Scatter Plot
Delete X
¥ | Delete

Mum Measurements= 8400

Y Import \ Num Skipped= 1157 Select and click Ok to

® Export _ : d delete the filtered
Delete only skipped measuremen <\|_ R A TS ey [T

Ok Cancel dataset
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

4) MESH AND MODEL
SETUP

4.1 MESH SETUP
4.2 MODEL SETUP
4.3 MESH GENERATION
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup

MESH -> discretization of the subsurface in cells that define the domain under investigation and the space around it.

&% Run Mesh Generation — O X

Model

Filtered the data, before proceeding with
the inversion it is necessary to discretize

Mesh Settings
g LIFlat Grid Flat Z bottom foreground bound

the 1nvest1gated volume in cells. “™<- [“IAdd electrodes Z terrain to topography

————

e (] Adapt grid to electrodes

Update Elevation for Surface-marked electrodes (Adapt to mesh)

%= Viewlab3D
=-[v] Home Foreground Region
-/ | Camera Min Elem Sizel Max
-[»] Orientation Tools X 0.00000  0.5000 10.0000
- Y 0.0000  0.5000 10.0000
N Linea 2D_Esempio Z-Depth Topo  0.5000 10.0000
- % Bounds: X=(0, 10%) Y=(0, 10%)

--[+] Graphic Objects
--[+] Electrodes

Measurement
—J/Topography

Background Region

+Xpad5|124816243240485664

|-Xpad5"l24816243240485664 |

Tools +Y Pad5\124815 24 32 40 48 56 64
Centre Camera To This

|-Ypad5‘124816243240485664 |

-Zpad5‘124816243240485664 |

'Foreground’ area

4[] Mesh and Moc Run Sequence Generation =
. Run Mesh Generation Z [ % Bounds: X=(-32, 42%) Y=(-32, 42)
Run Forward Model ]
Run Sensitivity #® Cancel ¢ Compute Optimal Values | 4% Run Mesh Generation
Run Inversion
. Setting limits and size of Setting size and limits of
Mesh Setting g g

'Background’ area

www.geostudiastier.com
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Automatic Configuration

By clicking Compute Optimal Value, ERT1Lab Studio automatically calculates the optimal parameters for the creation
of the mesh.

* If the shape of the investigated volume does not follow the main axes (X and Y), a System Rotation is
suggested, to optimize the creation of the Mesh.

B Run Mesh Generation - ] X

Mesh | Model ERT Data Rototranslation 4 Rotation value (in

" 59tti”§F| t Grid [ Flat Z bottom f d bound Angle (deqg) -18.4 K/L degreeS) aUtomatica”y
[ UFiat Grid [4Flat Z bottom foreground boun ' N | calculated by the system

“~~ [“IAdd electrodes Z terrain to topography

X
e Update Elevation for Surface-marked electrodes (Adapt to mesh) 0
m [ Adapt grid to electrodes
Y 0
Foreground Region
Min | Elem Size Max I Uk I Cancel

X 0.0000 0.5000 10.0000

Y 0.0000 0.5000 10.0000

z 50000 05000 00000 |Message X

Z-Depth Topo  0.5000 10.0000
¥ Bounds: X=(0, 104 V=(0, 10%) 6
o It is possible a rotation to optimize mesh generation

Background Region

+Xpad5|’l24816243240485664

+Vpad5|’l24816243240485664

“ At the end of processing it is possible to
—ZPads|1 2481624 3240485664

perform the ANTIROTATION (angle
value with inverted sign, in this case +18.4)

® Cancel .+ Compute Optimal Values ID Run Mesh Generation to return the system to the Original
1 coordinates.

% Bounds: X=(-32, 42%) Y=(32, 42)

U
—~ ,Agﬂer
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Automatic Configuration

Example
NOT optimized Mesh Optimized mesh
ROTATION ..
Area with cells where m) 704 .: = .
no  measure were
recorded. It causes a 569

513
e

slowing down of the
inversion process and
data management. e

I x{m)

If the automatic configuration does not meet expectations, it is possible to manually set the properties, as it shown
in the following pages.

B3
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Customized Configuration

%= Run Mesh Generation

e T SCHEMATIC EXAMPLE REAL EXAMPLE
' Mesh Settings v +
| E [ IFlat Grid Flat Z bottom foreground bound | CASE A

“~ [“]Add electrodes 7 terrain to topography

—_——

H__ [ ] Adapt grid to electrodes

Update Elevation for Surface-marked electrodes (Adapt to mesh)

Zim)

I._Select the role of the Topography in the Mesh generation
It 1s possible to make:

* A Mesh with flat top and bottom (CASE A)

Mesh Settings
: Flat Grid Flat Z bottom foreground bound

Zim

* A Mesh with a surface that follows the topography
and a flat bottom (CASE B)

rat bna CASE C

s | Z(m)

e A Mesh where both the surface and the bottom
follow the topography (CASE C)

Mesh Settings
Q [1Flat Grid [Flat Z bottom foreground bound

@5 U
1//'\&%

X(m)
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Customized Configuration

B2 Run Mesh Generation . | |
I1. Define the role of the Z-coordinate in the Mesh generation.

Mesh Settings

_ * IF the Mesh has topographic information, the Z-coordinates
B L1Flat Grid Flat Z bottom foreground bound

of one or more electrodes may not be consistent with the
topography file; in this case the electrodes appears suspended
Update Elevation for Surface-marked electrodes (Adapt to mesh) over the ground ot buried.

“~ [“]Add electrodes 7 terrain to topography

—_——

H__ [ ] Adapt grid to electrodes

o It is necessary to adapt the Z-Coordinate of the
Electrodes to the Mesh or, on the contrary, the Mesh
ELETTRODES, o * * * o , Coordinates to the Electrodes.

: 5:'_';‘_'-':?-?- E o In most cases, the Topography Z information is more

S EaEmEasaansisasissssss accurate than the Z of the electrodes, so it is convenient

to adapt the Z electrodes to the Mesh:
Adapt Z of Mesh to Electrodes Adapt Z of Electrodes to

SLLIGI R ER TR the Mesh **+. [JAdd electrodes 7 terrain to topography

l l T?T"' Update Elevation for Surface-marked electrodes (Adapt to mesh)

L e e ottt aeeeseeeees, * IF the Mesh does NOT contain topographical information or
| 25504 S nnn T s T ancs N, S g Qi sisdnssindnansnaz ananavaray \EAD A7 IHEY IRALE . )

! EEERRRRASEY ?’;‘*...i...i-_*’i;f e Lasansas=isssmssssiisasENEUENSseEEazas the Z coordinates of the electrodes are more consistent (for

S SSiasscriiizanadniisansiaasssssssss example, if there is not a DEM file - Digital Elevation Model -

ittt iRttt e s but just few topographical scattered points):

Schematic example of Mesh reconstruction based only o Adapt the Z of the mesh to the topography:
on topographical electrode information

“™~- [¥]Add electrodes 7 terrain to topography

ul'-h...‘_._"

Update Elevation for Surface-marked electrodes (Adapt to mesh)

U
—~ ,Agﬂer
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Customized Configuration

%= Run Mesh Generation
Mesh Settings

[~ DFiet Grid Fiat Z bottom foreground bound I11. Define the role of the X and Y coordinates

of the electrodes in Mesh generation.

“~ [“]Add electrodes 7 terrain to topography

T~ Update Elevation for Surface-marked electrodes (Adapt to mesh)

| H__ [ ] Adapt grid to electrodes

It 1s possible that the position of one or more electrodes does not match any node of the Mesh: " EmE mEs Ims mmm 3

In this case, it 1s possible:

o MOVE THE ELECTRODES TO THE O DEFORM THE MESH SO THAT EACH ELECTRODE
NEAREST MESH NODE MATCHES A MESH NODE
[ Adapt grid to electrodes "H‘” Adapt grid to electrodes

g @
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STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Customized Configuration

V. Definire 1 limiti del Foreground Region e del Background Region

FOREGROUND REGION = Portion of the mesh that includes the

investigated area, defined by the geometry of the electrodes on the

|
EGROUND|REGIO

0-0-0900-0-00
N

el
Q
=

P W —

ground (volume actually investigated).

BAdRGROUNT REGION [ | || BACKGROUND REGION = Theoretically infinite area, necessary
to define boundary conditions (edge etfects).

X and Y minimum and maximum values are determined by the coordinate of the Foreground Region

electrodes Min Elem Size, Max
Im

=———— The ideal cell size corresponds to half the electrodic X no.0o00l  osoool 10.0000
osn] @ distance (so 0.5m in case of electrodes spaced 1m apart). It is Y 00000l 05000l 10.0000

f possible to choose other values, but it is recommended to use
values corresponding to multiples and sub-multiples of the z -5.0000(_0.5000)  0.0000
, electrodic distance. Z-Depth Topo  0.5000 10.0000

IF the bottom of the Mesh is flat = Z Depth
(thickness) 1s NOT editable, because the thickness

is not constant; define 2 minimum and maximum 7, IF the bottom of the Mesh follows the topography =2 the
value thickness is constant, so it is sufficent to set the Z-Depth
O = anan ox S » Z max (and the Z row becomes NOT editable)

T T N,

//.’”..-- ‘--‘-"“'--.M"""'--.H‘“\‘

T BRYNRRNRNST v

T —HH RN P 572 EEEN

T ERENSNNSSNSANSRe ST WPRPES Soc22ss HH

suaEs RN EENmRRRSSESSSSS =s=Sssas Ssss .t Z-DEPTH

W W - EEEmam

----- » Z min (m)

www.geostudiastier.com 37



http://www.geostudiastier.com/

DT oL CrioAllas Toodm i 12 A
iV VI oW HWIY FTARVI IV BlIHG &0

STEP 4: MESH AND MODEL SETUP
4.1 Mesh Setup_Customized Configuration

V. Define the limits of the Foreground and theBackground Region

0-0-00-0-0-09,
1 .
EOREGH'!QUND REGION J. Background Region
! +X Pads | 1248 1624324048 56 64 -XPads | 1248 1624 32 40 48 56 64
+Y Pads | 124816 24 32 40 48 56 64 -Y Pads | 12481624 324048 56 64
BACKGROUND REGION -Z Pads 12481624 32 40 458 56 64

The dimension of the Background Region is defined by pads: each
number manages the location of one Background node. The number 7
indicates # times the size of the Foreground cell.

(0.5x8)m 4m
(0.5x4)m 2m
0 L Excample
(0.5x1) 0.5 m
S o 0 0060060 _——— - If the cell size in X 1s 0,5 m:

Pad 1 is equivalent to a background cell of 0,5 m (1x0,5);

Pad 2 to a 1m background cell (2x0,5);

Pad 4 to a 2m background cell (4x0.5);

Pad 8 to a 4m background cell (8x0,5).

| BALCI(GROUND R_EG-EGDN

@5 U
1/A];T%:

If it 1s changed the number of pads in the Background region compared to the
automatically calculated pads, make sure that the REMOTE POLE is included in the Mesh.
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

4) MESH AND MODEL
SETUP

4.1 MESH SETUP
4.2 MODEL SETUP
4.3 MESH GENERATION
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STEP 4: MESH AND MODEL SETUP
4.2 Model Setup

After setting the Mesh, it is necessary to set the Resistivity value of the model from which the inversion process

will start.

B= Viewlab3D
= 7 Home £ Run Mesh Generation — O X
------- [ | Camera Mesh
_______ Orientation Tools
------- ] Background Resistivity [Ohm*m]‘ 595@ A
------- Graphic Objects S— 7
&[] Linea 2D_Esempio Background IP [mV/V] | 1.491 @ I L‘ IA
....... 0 — o -
_______ Graphic Objects Type Kind min | X mal BY clicking on Compute Optimum Value,

1 ------- Electrodes

-[#] Mesh and Moc

Run Sequence Generation a
Run Mesh Generation 2 |:
Run Forward Model @ Il

Run Sensitivity

Run Inversion

verra automaticamente calcolato

anche il relativo valore di

the background resistivity optimal value

kg Measuremen ool will be calculated automatically basing
=H__JTopography 0als . . . . ..
] Surface Centre Camera To This Se sono presenti misure di [P | on the median value of the Statistical

Apparent Resistivity curve (Paragraph
3.2).

partenza per l'inversione

¥ Cancel I“’F Compute Optimal Values Iu

Run Mesh Generation

It is possible to enter the desired value in the proper box, considering the average and median values of the Apparent
Resistivity of the filtered dataset.

&8 Histogram - = *
Measurement Type App Res [Ohm*m] - R
Mumber of Bars | 20 4000
[ e e 1 [ |Log Scale APPARENT
1 . . 1 v E
i Data Statistics: I QN — i RESISTIIVITY
1 . I i .
: Min= 31.8116152122581 : Min| 31811615212 Max | 315339.3400(] . HISTOGRAM
1
i Max= 315339.340006033 ! Apply = PANEL
i Average= 15410 i prose - (Paragraph 3.2)
: M =t d i an= E 5 E 3 : Save/Append Execute ... View ...
I H 1500
Lotd-Dev= 41870 _______ X Unskp Al | Capture .
( Data statisics. 1
Min= 31.8116152122581 |
Max= 315339.340006033 |
Average= 15410 1
Median= 6563 1 A0 o e 2O 250000 0000 0000 g
Std-Dev= 41870 1 App et [hmm)
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STEP 4: MESH AND MODEL SETUP EU{FRR SHRRR- (RNt Flis e
4.2 Model Setup

It 1s also possible to start from a non-homogeneous model by inserting one or more anomalies, or a known stratigraphy:

£5 Run Mesh G ti | x . .
W fun b oo menereton Example of Mesh with 3 anomalies
Mesh  Model | inserted, from two points of view.
Background Resistivity [Ohm*m] ‘ 5953 |
Background IP [mWV]‘ 1.491 |
| Type | Kind | X min | X max | Y min | Y max | Z min | Z max | Value |
Append Anomaly | .

Define spatial limits and the
Resistivity value of the anomaly

Repeat for each anomaly to add

>

EZ Run Mesh Generation

Background Resistivity [Ohm*m] ‘ 5958

Background IP [mV[V]‘ 1.491

Type ‘ Kind ‘ X min ‘ X max ‘ Y min ‘ Y max ‘
1 Res Anomaly | -800.00 -100.00 -1000.00
Res Anomaly | -500.00 100.00  -5900.00
Res Anomaly | -1000.00 -800.00 -1050.00

Z min ‘ Z max ‘ Value ‘
600.00 1450.00 1600.00 20.00
300.00 1200.00 1380.00 500.00
-600.000 1190.00 1400.00 300.00

¥ Cancel | @ Compute Optimal Values 4 Run Mesh Generation

X e 3 TP
PRy RAEd a1 TE
: B Uk

U
—~ ,Agﬂer
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

4) MESH AND MODEL
SETUP

4.1 MESH SETUP
4.2 MODEL SETUP
4.3 MESH GENERATION
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STEP 4: MESH AND MODEL SETUP
4.3 Mesh Generation

After setting the Mesh and the Mode/, generate the Mesh using the Run Mesh Generation button. Manage the display
mode using the Mesh and Mode/ node.

B Run Mesh Generation - O X
‘Mesh | Model . . .
. Examples of Mesh from different points of view
Mesh Settings
D [IFlat Grid Flat Z bottom foreground bound
“™~~ [“IAdd electrodes Z terrain to topography I Vi 2630 N & %
=¥ Home +X|-X +Y ¥ +Z|-Z| [/]Perspective Auto Cenlre Caplure Full Screen View Picker settings
—~ Update Elevation for Surface-marked electrodes (Adapt to mesh) 'g".'""t"". |
e v] Orientation Tools
: )
m [ Adapt grid to electrodes 2 Graphic Objects
={v|linea 2D_Esempio
Foreground Region O
[ Graphic Objects
Min ‘Elem Size‘ Max ‘ [ Electrodes
X[m] | 216570 05000 267860 = 3
¥[m] | 113470 05000 783400 kit sl ica
Z [m] 171.8800 0.5000 178.1540 [~ Mesh
-Depth [n  Topo 0.5000 11.2000 i = S
“ Bounds: X=(21.657, 26.786) Y=(11.347, 78.34) O
Background Region Mesh DISpIay Settlng
+XPads | 124381624 3240 48 56 64 72 80 88 9¢| -X Pads | 1248 16 24 32 40 43 56 64 | Panel
+Y Pads| 1248 16 24 32 40 48 56 64 | YPads|12481624324048 5664728088 | v
Tvic
“ZPads| 124816 24 32 40 48 56 64 | [ Visible
“ Bounds: X=(-10.343, 318.786) Y=(-32.653, 110.34) Transparency: v
1 Colour | I
#® Cancel | ¢ Compute Optimal Values [#& Run Mesh Generation i .
Wireframe [ Qutline only
¥ L wani |
essage X

Report Nodes:
98x160x25

392000

OK 2

i,
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

4 N 4 N\ 4 A
TR N \—
. J . J ~ /
r | semm— ] ] ] ] ] ] | m— | —— ] T I ] L] ] T |
l—-= 1 = > \
/ "
\ 5.1 SETTING OF INVERSION S )
PARAMETERS
5.2 INVERSION PROGRESS
CONTROL
o 7 v
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5.1 Setting of inversion parameters

Generated the Mesh, the last step 1s to set the parameters of data inversion. Clicking Compute Optimal 1 alne,
ERTLab S#udio automatically calculates the optimal parameters for the inversion.

€= Run Inversion

£ Viewlab3D

=] Home

----- ["] Camera

----- Orientation Tooals

-{¥] Graphic Objects
B|§| Linea 2D_Esempio
-{¥] Graphic Objects

-[v] Electrodes

m{]
]
1

EQ_E Mesh Tools
= [4] Resistivity Mc Centre Camera To This
--|:| Run Sequence Generation
--D Run Mesh Generation
--D Run Forward Model

Run Sensitivity

Run Inversion ﬁ 2

— O X
Data error
Data percent Error [%] Rho | 1 IP|5
Data constant error term [V/1]-[mV/V] Rho | 0.0007 IP | 1e-005
Interations
Inversion Type |custom ~ Rough Trials Iter | 4 1
Maximum number of Inversion Iterations Rho | 15 P15

Rough Trials Iter

4117111111111 111

[11P Modeling

CPU Num Core | g I

Temporary Processing Files
Select the Working Folder

Browse...

¥ Cancel |.: Compute Optimal Values

& Run Inversion

~¢ Show advanced

Noise setting

Inversion-type setting

Elaboration of Induced
Polarization (IP) Data

Setting of PC
resources to dedicate
to the inversion

Setting of the folder for
saving Temporary Files

www.geostudiastier.com
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STEP 5: INVERSION
5.1 Setting of inversion parameters

If the automatic configuration does not meet expectations, it is possible to manually set the various properties.

|. Setting Izerations

GOOD MODEL (THAT

IN THEORY MODEL THAT REPRODUCE AIM OF INVERSION:
SATISFY THE PROBLEM EXACTLY THE FIELD DATA. Fi |dd ta—M d | dd ta=0
OF INVERSION) SR leld data odeled data =

—————————— — — — —— —— — — — — — — — —

-~ __
SO
GOOD MODEL (THAT MODEL THAT REPRODUCE :
ACTUALLY | SATISFY THE PROBLEM THE FIELD DATA WITH A I:{> AIM OF INVERSION:
OF INVERSION) CERTAIN ERROR Modeled data = Field data + noise
I \ This panel allows to set the Rho and IP error in terms
(Inversion; of percentage error; higher is the noise of the data,
Vata error higher is the Data Percent Error to set (indicatively, 1
Data percent Error [%] Rho | 1 IP|5

for very clean data, 3-5 for data with medium
signal/noise ratio, 10 or more for very noisy data).

@5 U
1/A£T%
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STEP 5: INVERSION
5.1 Setting of inversion parameters

Il. Inversion IP data

ERTLab S?udio can simultaneously process Electrical Resistivity (Rho) and Induced Polarization
(IP) data. To include the IP data in the inversion, check the proper box.

Il. [feration setting

v &L/

[1IP Modeling

Inversion process proceeds by ‘trials’ to determine optimal roughness parameters to use on each iteration. This

operation can take a long time, so it 1s possible to choose the number of trials to run on each iteration.

SIMPLE (4 1): performs 4 trials on the 1st
iteration and 1 trial from the 2nd
iteration onwards.

Sequence customization

Maxcimum iterations

COMPLETE (4): performs 4 trials on each Interations \

iteration, from the first to the last. —|/>Irwersion Type custom ~ Rough Trials Iter{421 @

Maximum number of Inversion Iterations Rho| 15

CUSTOM: it allows to choose the

number of trials on each iteration, Rough Trials Iter [421111111111111 @

writing the proper numbers in the

dedicated box.

Example of custom sequence:

the second 2 and from the third to the fifteenth only 1.

U
—~ ,Agﬂer

Full sequence of iterations, resulting from the set values

In this case, a maximum of 15 iterations are performed; in the first iteration, 4 trial are performed, in

www.geostudiastier.com
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STEP 5: INVERSION
5.1 Setting of inversion parameters

I, Core pc setting

The value depends on the hardware characteristics of the computer you are working on. As the threads used for
inversion increase, the processing time decreases.

CPU Num Core | g

IV. Setting of the folder of Temporary Files

It lets to choose where to save the temporary files with the various intermediate steps of the inversion process.

Temporary Processing Files

Select the Working Folder Browse...

@ For Advanced Functions (Boundary conditions, Robust Inversion, PCG iterative solver parameters, ...) refer to

the User Guide.
(g }sfu.%:
= /AS“@ [
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

4 N 4 N\ 4 A
TR N \—
. J . J ~ /
r | semm— ] ] ] ] ] ] | m— | —— ] T I ] L] ] T |
l—-= 1 = > \
/ "
\ 5.1 SETTING OF INVERSION S )
PARAMETERS
5.2 INVERSION PROGRESS
CONTROL
o 7 v
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STEP 5: INVERSION
5.2 Inversion progress control

Click on Run Inversion to let the inversion starts; select the project folder where the inversion files will be
automatically saved. A progress window of the processing will appear on the screen and it will be completed
automatically as the elaboration proceeds.

When processing is end, a warning message will be displayed.

E& Run Inversion - O X
Data error
Data percent Error [%] Rho‘ 5 ‘ |p‘ 5 ‘ PROGRESS OF
Data constant error term [V/1]-[mV/V] Rho‘ 0.0007 ‘ |p‘ 1e-005 ‘ INVERSION
torat The bars represent the
nterations
Inversion Type |Custom ~ Rough Trials |ter‘41 ‘ accuracy O_f fbe Iﬁﬁ€7'§2077 CVO.YJ}D/OZL belLWEEﬂ 7770d€/€d dﬂjﬂ
Maximum number of Inversion Iterations Rho‘ 15 ‘ |p‘ 15 ‘ gﬂdﬁ/gd dgl‘g,
RoughTrialsIter‘le111111111111 ‘
CJIP Modeling
CPU Num Core
Temporary Processing Files Progress x
Select the Working Folder | g v
I O O
o 25
¥ Cancel | i Compute Optimal Values J§4# Run Inversion | ¢ Show advanced Eﬁ 2 o
§ B z 2
§4 e § 0 £ 5
s, S 8 Inversion
E o 1.55,
_ , i g <} summary
B 05
Z E 1 8 1 chart
: A | | | ;
. : 2 8 = 3 =& § &g 8 05
Message of Inversione Message % = =z = g S 2 3 ]
completed, with :{> ' = - Tz $ $ = = , ,
| = = = -1 05 0 0.5
proceSSing time ta ken | Globall teretion Measured V/I (V/A)
Process completed !
[0h 33m 465 ] ' Complete
| Last Trial runsin: 3 m32s
oK Abort Close

U
—~ ,Agﬂer
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STEP 5: INVERSION
5.2 Inversion progress control

RELIABLE INVERSION

Log10 Data Residual

el
|

o
|

o
1

=

()

[3¥]

o

05 |-1.27425,0.442028 .,

%]

Caile ulctted V/1 (V/A)
Log10(Count)

a
13
05
i
L]

F1Tr1 R0 4

111 Tr2 R100
H2Tr1R1
It3Tr1 RO

It5Tr1 RO00N
It R 1e-005 -

16 Tr1 RO.000T 4

[0Fs]

g 1t411ROOT

]
3

02 u}
Measured V/1 (V/A)

[
3
g
3

B @
1//'\&%

&

Histograms decrease in height as iterations proceed
(the residual decrease as the inversion proceeds);

The last bar of the histogram corresponds in height
to the red line (1deal inversion target = number of
measurements to process).

Low number (7) of iterations (easy to converge).

NOT RELIABLE INVERSION

<Y 4

10g10 Data Residual
=)

[#)]

T
o
|

(¢}
1

o
o
|

o
=
|

o
i

o
|
1
|
]

|
Calculated V/1 (V/A)
&
[~}
&

F1Tr1 R0 4

t1Tr2 R100
It1 Tr 3 R 1000 A

|

|

o
& &
o i

=]
[=<]
1
(=]
o

0oo
005
e-006

F2Tr1 R0 4
Fa3Tr1 R

L T R TR Y
—

Ito

7T
T8 T
19T

0.2 o} U:O
Measured V/1 (V/A)

Q
3
g
3
g
S

é

The histograms remain at a constant height from
iteration 6 to 12 (no progress at the proceed of
inversion) and at the last 2 iterations they are opposite
to the trend, reaching very high residual values.

The last bar in the histogram does not match the red
target line.

High number of iterations (14 iterations), for difficulty
in convergence.

The inversion summary chart is antomatically saved in the project folder (chosen when the inversion was
started) with the name RES Iter n'lrialn.
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STEP 5: INVERSION
5.2 Inversion progress control

INVERSIONE ATTENDIBILE

05 |[-1.27425,0.442038 7

Log 10 Darta Resiclual
[= T & w IS w =3 -

Calc ulctted V/1 (V/A)

0 /
05
o
-

F1Tr1 R0 4

H2Tr1R1
It3Tr1 RO

11 Tr2 R100

t47Tr1 ROOT
It5Tr1 RO.00T
16 Tr1 RO.000T 4
70l kR 1e00 <

[0Fs]

- 02 u}
Global Iterction Measured V/1 {(V/A)

%]

Log10(Count)

N

At the end of the inversion, the plot between
field data and calculated data is near to 1:1 ratio,
and data are distributed along the diagonal;
Abnormal wvalues (outliers, yellow dots, where
the absolute difference between modeled data
and measured data 1s high) are in the minority.

INVERSIONE NON ATTENDIBILE

[~
[=]
N
o
o
|

o
=
|

o
L
|
o
i

o
|
]

Log10 Data Residual
=]

|
Calcukated V/1 (V/A)
=
[~}
&

o o
|
|
o -
& &
[=3 i

— 8 8 -~ p g 0 2 90 9 2 &> > > =

TR
R1
1
R
1
1R
RO
0.0
00
e-0
e-0
1
1
1
[
[
&
[=<
&

—————————

'I
T
r

2
It
4

1
r
1

1

1

1

I
I

stte2 -1 05 0 0.8
Global teration Measured V/1 {(V/A)

N

* At the end of the inversion, the plot between field
data and calculated data is far from the diagonal (in
this case they are align along 0 of calculated V/I)

* OQutliers (yellow dots, where the absolute difference
between modeled data and measured data is high) are
the majority of data and they are distributed almost

evenly throughout the cross-plot.

<

CHECK AND EVENTUALLY FURTHER CLEAN FIELD DATA, EDIT THE
NOISE AND/OR THE STARTING MODEL AND PROCEED AGAIN WITH
INVERSION
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ERTLab Studio

WORKFLOW CHART FOR ERT DATA PROCESSING

o | | | =

(" A 4 2 I )
1.1 LOAD .BIN FILE 2.1 ELECTRODES CHECK 3.1 ELIMINATION OF
~— N |
1.2 PRELIMINARY PROJECT 2.2 LOAD TOPOGRAPHY DUPLICATE ELECTRODES
UGGEIAIIOLE 2.3 POSTPONED PROJECT AND DUPLICATE AND
1.3 SAVE .DATA FILE TRANSLATION RECIPROCAL
MEASUREMENTS
3.2 DATA FILTERING
. J . J S J

l_-:> ( 1 ) ( \ 6) DISPLAY OF

INVERTED MODEL

4 A a
4.1 MESH SETUP L 5.1 SETTING OF INVERSION
4.2 MODEL SETUP PARAMETERS
4.3 MESH GENERATION 5.2 INVERSION PROGRESS
CONTROL
, V \ J
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STEP 6: DISPLAY OF INVERTED MODEL

At the end of the inversion processing, it 1s possible to visualize the result by activating the Resistivity Model

node from the tree menu. It is possible to custom the way to represent data choosing between sections in each
direction, volumes, and isosurfaces. For further information, refer to the User Guide.

@ With ERTLab Studio it is possible to visualize field data (Measurements Node) and inverted data (Reszstivity-
Conductivity-IP_Model node) in the same project.

SECTIONS Examples ..

VOLUMES

TOTAL VOLUME

12 S P T e 214

RESISTIVE VOLUME e

26 163 180 197 214 Y (m)

214

Resistivity Model (ohm.m)
[ B e -
22 8670 24000 51400 100000
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