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Motivation
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e Large team e Project AUSPEX
o ~25 researchers working with US o (2018 - Present)

NDT o Subsea pipe inspection




2018: start of the development of the AUSPEX toolbox

e Standardization of software routines
Avoidance of rework
e Subsea pipe inspection: immersion

testing
o  Adaptive reconstruction
o  Surface identification

e NumPy-powered

e State-of-the art algorithms
o  Flexibility of parametrization
o Ease for adaptation and new features

e Professional-level repository
management
e Let’s go to work! [,




2018: start of the development of the AUSPEX toolbox

e Platform independent data
structures

e Multiple acquisition systems
CIVAUT

Eddyfi Panther

Evident OmniScan*

TPAC Pioneer**
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2019: AUSPEX toolbox paper published in QNDE

No ECNDT in that year &
Not yet publicly available
Good feedback: let's make it available!

46th Annual Review of Progress &

in Quantitative Nondestructive Evaluation
QNDE2019

July 14-18, 2019, Portland, OR, USA

QNDE2019-1234

A TOOLBOX FOR ULTRASOUND SIGNAL PROCESSING AND IMAGE
RECONSTRUCTION

Gustavo P. Pires
Petrobras Center for

Thiago A. R. Passarin; Hector L. de Moura,

Vitor O. Silva, Filipe B. G. Candido,

Karoline A. Sato, Andréia R. de Souza, Research and Development (CENPES)
Marco T. L. Guerreiro, Giovanni A. Guarneri, Rio de Janeiro, RJ
Daniel R. Pipa Brazil
Department of Electrical Engineering
Federal University of Technology - Parana - Brazil
Curitiba, PR 80230-901
Email: passarin@utfpr.edu.br

7 AUSPEX

File  Preprocessing

Filepoth
Inspection Parameters
Inspection Type Immersion
Excitation FMC
Origin [mm] (1920 0.]
Wter Path {mm) 0

Couplant L-Speed [m/s] 1483
Sample Frequency [MHz] 100
Gate start[us] o
Nb. Samples 5000

Probe Parameters
Probe Type finear
Element Dimension [mm] 0.5
Centra Frequency [MHz] 5
Pulse Bandwidth [-648] 0.6
Nb. Elements o
Pitch {mim] 06

Specimen Parameters
L-Speed in material [m/s] 59¢+03
T-Speed in material [my/s] 3230
Surface Roughness [mm] 0

ROl
X Coordinate [mm] ~ -194
Y Coordinate [mm] 0
ZCoordinate [mm] 0
Height [mm] 100
Pixels in height 500
Width [mm]

Pixels in width

Imagng  Estmation

thn +

Sequence Channel Shot
o

[Parameter Vo

| descriptiontim
< [6300
scattering_angle 45
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5 Beveoe & show surface




Applications of AUSPEX toolbox



Publications powered by the AUSPEX Toolbox

Assumed sound speed

Y

e Sound speed estimation

o 2020 S—— v

o Parametric testing A e o
g 1 1

o |IEEE Sensors Journal 1 | T e
g : : : Actual Speed:
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Assumed Speed (m/s)
|IEEE SENSORS JOURNAL, VOL. 20, NO. 21, NOVEMBER 1, 2020 12903

.. [EEE .
G Sensors Council

Image-Based Ultrasound Speed
Estimation in Isotropic Materials

Hector Lise de Moura™, Vitor de Oliveira Silva, Giovanni Alfredo Guarneri*,
Marco Tulio Lopes Guerreiro™, Thiago Alberto Rigo Passarin,
Gustavo Pinto Pires, and Daniel Rodrigues Pipa™, Member, IEEE




Publications powered by the AUSPEX Toolbox

. S u rfa Ce i d e n tifi Cati O n Position of maximum value in column

©) 202 1 Estimated Surface Profile
. . Image of the surface
o Immersion testing \

o IEEE-TUFFC -< f iYW,
A_J\_/A\J

3386 IEEE TRANSACTIONS ON ULTRASONICS, FERROELECTRICS, AND FREQUENCY CONTROL, VOL. 68, NO. 11, NOVEMBER 2021 %

Surface Estimation via Analysis Method: A
Constrained Inverse Problem Approach

Hector Lise de Moura™, Tatiana de Almeida Prado, Giovanni Alfredo Guarneri’, Thiago A. R. Passarin“,
Daniel Rossato, Gustavo Pinto Pires, and Daniel Rodrigues Pipa




Publications powered by the AUSPEX Toolbox

e Imaging in the presence of temperature gradients

o 2023
o Hot inspection of oil/water separation tank
o ECNDT 2023 (Lisbon, Portugal)

D

Ultrasonic sectorial inspection in the presence of temperature
gradients

Mateus Yamada Miiller!, Tatiana de Almeida Prado!, Thiago Estrela Kalid!
Thiago Alberto Rigo Passarin! and Daniel Rodrigues Pipa'
1 Federal University of Technology — Parana (UTFPR), Brazil,
passarin@professores.utfpr.edu.br.




Publications powered by the AUSPEX Toolbox

e Empirical assessment of directivity functions

o 2021
o NDT&E International

NDT&E International 119 (2021) 102402

Contents lists available at ScienceDirect

" Steel wire '/I,\‘A

NDTsE

NDT and E International

|

|

ELSEVIER journal homepage: http:/www.elsevier.com/locate/ndteint
= Theoretical
2 0.8 === Simulated
") —‘é ’ —— Experimental
A straightforward method to evaluate the directivity function of ultrasound %= § oe— 1 1 g | NN e
imaging systems I R o e G R A
= 0.4 1
E
Tatiana de A. Prado ™ , Hector L. Moura“, Thiago A.R. Passarin“, Giovanni A. Guarneri o §
Gustavo P. Pires’, Daniel R. Pipa“ Z 02
* Graduate Program in Electrical and lepmrl [Engineering /mm "‘lt Universidade Tecnolégica Federal Do Parand (UTFPR), Curitiba, PR, Brazil
* Graduate Program in Electrical Engineering from the Uni logica Federal Do Parand (UTFPR), Pato Branca, PR, Bruzil 0.0 1 !

-80 -60 -40 =20 0 20 40 60 80
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© Centro de Pesquisa Leopoldo Américo Miguez de Mello (CENPES) from Petrobras, Rio de Janeiro, RJ, Brazil




2024: Publication of WebAUSPEX app

e \Web application powered

by the AUSPEX toolbox O s o0 o

i

o QNDE 2024 (Denver, USA) =

o Based on Pyodide
o Already uses mini-auspex
library
m A specific paper was
lacking!

U search projects

mini-auspex 1.5.14

pip install mini-auspex @

Hello, Thiago A. R. Passarin 9

AUSPEX

Data

Inspection Parameters

Result

Inspection Type Contact v
Excitation FMC

Origin [mm] [40.0.0]
Water Path [mm] 0

Couplant L-Speed [m/s] 1483
sample Frequency

100
MHZ]
Gate start [us] 0
Nb. Samples 2046
Hardware Gain [dB] 0.0
Digital Gain [dB] 0.0
Probe Parameters
Probe Type linear
Element Dimension

07
[mm]
Central Frequency g
MHZ]
Pulse Bandwidth [-6dB] 0.5
Nb. Elements. 32
Pitch [mm] 0.7999999999999999
Specimen Parameters
L-Speed in material

5900
[m/s]
T-Speed in material

3230
[m/s]

11



Publications powered by the mini-auspex library

e Acoustic lens for pipe inspection
o 2025
o NDT&E International

Contents lists available at ScienceDirect ®
NDTsE

. {nisinationsl

NDT and E International ——

e

k.|

ELSEVIEI

o] journal homepage: www.elsevier.com/locate/ndteint /

Research Paper

An acoustic lens for displacement-free sectorial inspection of pipes with
ultrasonic phased arrays

Gustavo P. Pires *®, Thiago E. Kalid *®-*, Tatiana de A. Prado *®, Vinicius L. Costa*®,
Gabriela R. Pereira“®, Thiago A.R. Passarin "®-!, Daniel R. Pipa *®

2 Centro de Pesquisa Leopoldo Américo Miguez de Mello, Av. Hordcio Macedo, 950 - Cidade Universitdria, Rio de Janeiro, 21941-915, RJ, Brazil

® Graduate Program in Electrical and Computer Engineering, Universidade Tecnolégica Federal do Parand, Av. Sete de Setembro, 3165 -
Rebougas, Curitiba, 80230-901, PR, Brazil

© Program of ical and Materials i ing, Universic Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil

Inspected steel - -
pipe sample =25 0 25
a-axis / (degrees) 12



Publications powered by the mini-auspex library

e In this conference

A:
14th ECNDT 2026

EUROPEAN CONFERENCE ON NON-DESTRUCTIVE TESTING

VERONA ,15-19 JUNE

Modeling and Removal of Electronic Crosstalk Effects in
Ultrasound Signals via Deconvolution

Fabio Z. Y. Wang', Tatiana de A. Prado’, Thiago E. Kalid', Gustavo P. Pires?, Glauber
Brante', Daniel R. Pipa' and Thiago A. R. Passarin'”
' Universidade Tecnoldgica Federal do Parana (UTFPR), Curitiba, Brazil. 2 Centro de
Pesquisa Leopoldo Américo Miguez de Mello (CENPES), Rio de Janeiro, Brazil.
"Corresponding author, E-Mail: passarin@utfpr.edu.br

Deep Learning-Based Spatial Coherence Estimation for
Ultrasonic NDT

Gabriel O. Vasconcellos', Matheus F. Dario', Tatiana de A. Prado’, and Daniel R. Pipa'”

T Universidade Tecnoldgica Federal do Parana (UTFPR), Curitiba, Brasil.
"Corresponding author, E-Mail: gabrielvasconcellos@alunos.utfpr.edu.br

Machine learning-driven flaw detection for ultrasonic pipe
inspections with acoustic lens

Thiago E. Kalid"", André E. Lazzaretti', Tatiana A. Prado’, Gustavo P. Pires?, Daniel R.
Pipa' and Thiago A. R. Passarin'.
' Universidade Tecnoldgica Federal do Parana (UTFPR), Curitiba, Brasil. 2 Centro de
Pesquisa Leopoldo Américo Miguez de Mello (CENPES), Rio de Janeiro, Brasil.
"Corresponding author, E-Mail: passarin@utfpr.edu.br

Suppression of geometrical artifacts from acoustic lenses
through low-rank approximation

Vinicius L. Costa’, Thiago E. Kalid', Matheus F. Dério", Tatiana de A. Prado’, Gustavo P.
Pires?, Daniel R. Pipa' and Thiago A. R. Passarin'”
" Universidade Tecnoldgica Federal do Parana (UTFPR), Curitiba, Brasil. 2 Centro de
Pesquisa Leopoldo Américo Miguez de Mello (CENPES), Rio de Janeiro, Brasil.
"Corresponding author, E-Mail: passarin@utfpr.edu.br

Robust virtual encoder: Using ultrasound data for
compensation of depth variations in camera-based odometry

Matheus F. Dério', Fernando H. R. Caetano', Daniel Santin', Henrique M. Guerra', Huriel
A. dos Santos', Thiago E. Kalid', Tatiana de A. Prado’, Gustavo P. Pires?, and Thiago A.
R. Passarin'’
' Universidade Tecnolégica Federal do Parana (UTFPR), Curitiba, Brasil. 2 Centro de
Pesquisa Leopoldo Américo Miguez de Mello (CENPES), Rio de Janeiro, Brasil.
"Corresponding author, E-Mail: passarin@utfpr.edu.br 13



The toolbox structure



Structure of the library
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Example on Google Colaboratory

Link in the paper

TFM Image

e PAelements
=« Surface

/
[

§ Regié;naf 60
Interest . 3
Ih ! e -10 xo[mm] 10 20 30
Raw FMC [ Loaddatafrom | [ Identify
—>>
data file system surface
. J . J
/ [ creaerol | [ ! ion |
reate mmersion
parameters L object y L TFM
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Example on Google Colaboratory

e Link in the paper

( & immersion_TFM_presentation.ipynb % & 5 = 2, share g
Edit View Insert Runtime Tools Help
Q Commands + Code ~ + Text > Runall ~ v ':: - A
= v 72 @
R mini-auspex example: immersion TFM
<> €O Run this Notebo
o This Notebook is a suplementary material to the paper mini-auspex: a Python library for ultrasonic data import, post-processing
b and imaging, presented at the 14th European Conference on Non-Destructive Testing (ECNDT 2026).
e The objective is to to provide a fully functional exemplary utilization of the Total Focusing Method (TFM) imaging algorithm from the
o mini x Python library.
The test data was acquired using an M2M Panther acquisition system (Eddify Technologies) and a Phased Array (PA) probe model
= 5L64-A32 (Evident Scientific). The figure below (left side) shows the steup: the PA was positioned at at distance of ~25 mm from the
surface of the carbon steel sample. The sample contains side drilled holes, which we intend to image. In the right side, the resulting
TFM image is displayed. By following the steps of this Notebook, you will be able to generate that image using Matplotlib.
Double-click (or enter) to edit [}
TFM Image
[T 1400
- n
"
Phased Array (Water) J . 13.5¢
[N
{2 variables [3J Terminal ° v 11:26AM B Python3
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https://docs.google.com/file/d/12l4D6h351CdaSEGp3E7l4B0ZDvc1FVJn/preview

Conclusions

18



Conclusion

e Free NumPy-based
ultrasound data U
processing library

e Useful and prolific for
our group

e \We hope it helps other pip install mini-auspex (®
research groups

mini-auspex 1.5.14




Finally...

o Tryit

e Citeit

e Give us feedback
o Suggestions

o Requests
o Bug reporting

U Type '/" to search projects Q

mini-auspex 1.5.14

pip install mini-auspex D}

20
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