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What’S NEW =l L~ e

NOESIS 5.0

Major Changes

1) New Pages function with auto/manual graph arrange functions.

2) Live-SPR with WES files (real time extraction from Noesis) with all graphs, tools etc.

3) Arbitrary Waveform data import (ASCII file).

4) Extraction of multiple hits from saved waveforms (DTA, WFS, TDA). Post-processing acquisition.
5) Waveform Filters (Butterworth, Bessel etc) in plots, Feature Extraction, and export data.
6) Windowing (Triangle, Hamming etc)

7) Faster drawing for graphs and waveforms.

8) New data input format for many dialogs (grid).

9) Better memory usage to enhance manipulation of large files (Working Copy on demand).
10) Save DTA files from WFS, TDA, even from ASCII Waveforms.

11) Export graphs, single page or all pages to image files.

12) Page Headers for image export reporting and traceability.

13) Complete menu re-design to improve usability.

14') 'Event Select mouse mode. If selecting any hit all hits that belong to the same event are selected.
Minor Changes

1) Improved status bar info.

2) F7 and F8 for Previous-Next page viewing.

3) No data capability in plots.

4) Minor problem solving.

5) Remove not needed dialogs and functions to improve speed and usability.

6) Copy Bin Values from binned plots.

7) Log scale for binned plot axes.
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OVERVIEW ot

* “Nous” (Novg), in the Hellenic language means brain

* “Noimosini” (Nonuoovvy) means intelligence.

* “Nois1” (Nonon) 1s the Hellenic origin of the word NOESIS,
denoting intelligent thinking and, in general, the entire set of
actions and procedures that a human brain performs resulting in
intelligence.

The name, aims to emphasize the transfer of some of the
“Nous” actions and intelligence to the computer for the
analysis and evaluation of Acoustic Emission (AE) and NDT
data in general.

NOESIS 5.0

NOESIS is Specially Designed and Optimized
for Acoustic Emission Data Analysis &
Applications Development
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NOESIS 5.0

NOESIS has been used successfully for:

Noise Filtering, Failure Mechanisms Identification, Source
Characterization, Severity and Criticality Evaluation, Automatic
Classification Through Pattern Recognition and Neural
Networks

USERS:

Laboratories and Research Organizations, Aerospace,
Petrochemical Industries & Refineries, Power Production,
| NDT Testing Companies.

APPLICATIONS:

Static and Fatigue Testing (Composites, Metals and Concrete),
Full Scale Testing, Pressure Vessels Testing, Tank Testing and
Leak Detection.
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OVERVIEW

1<

The software development is based on the Visual Object Oriented
philosophy, resulting in a high degree of sophistication.

It has been designed to be “User-Friendly” and operates under Windows
9x, NT4, 2000 and XP.
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HIGHLIGHTS

& UNIQUE FEATURES

Classical AE
Analysis ‘

* PAC FILES I/O (Under License
from PAC): READ AND WRITE
PAC DTA, TDA, WFS files from
PCI-2, DiSP, LOCAN, SPARTAN &
MISTRAS.

MULTIPLE FILES SUPPORT
(MERGE & SPLIT OPTIONS)

* Other Files Supported: ASCII
Files, NOESIS & Class Files

* DATA TYPES: AE Hit data, time
driven data, waveforms and system
set-up information

*GRAPH TYPES: All classical AE
graphs. Scatter/Correlation Plots,
Distribution, Cumulative, History
[Time, Activity, Waveforms and
FFT. Hits table (listing mode).

* MULTIPLE SPLIT WINDOWS &
BACKGROUND PLOTS

* GRAPHICAL FILTERS

* HIT - POINT - WAVEFORM
CORRESPONDENCE: Select one
or more hits with mouse see it
highlighted in ALL other graphs
and listing mode

NOESIS 5.0

Advanced Data
Handling & Filtering

« ADVANCED VIEWING: Zoom &
Panning, Dynamic Window Split,
Multiple Symbols & Colors.

* FILTERING: Data points can be
selected by mouse and selection reflect
on ALL views.

ADVANCED DTA FILTER DIALOG
SUPPORTS AND/OR,
ACCEPT/REJECT MODES FOR
COMPLEX FILTER SETUP

MOUSE SELECTION WITH LOGICAL
AND/OR FROM DIFFERENT
SCATTER & CUMULATIVE PLOTS

SELECTED DATA CAN BE
DELETED, GROUPED OR
TRANSFERRED TO OTHER
APPLICATIONS BY SIMPLE COPY
PASTE OPERATIONS

* NORMALIZATION & DATA
PROJECTION (Principal Comp.)

» STATISTICS: Correlation, Descriptive
(Min-Max, Mean Var.) & Discriminant
Analysis.

* CALCULATED FEATURES &
WAVEFORM FEATURE
EXTRACTION
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Pattern Recognition &
Neural Networks\

* DATA PREPROCESSING:
Feature selection, normalization,
principle axes analysis etc.

« POWERFUL UNSUPERVISED
ALGORITHMS: Max-Min Distance,
K-Means, Forgy, Cluster Seeking,
ISODATA and LVQ NEURAL NET.

FLEXIBILITY: Automatic or User
Defined Initial Partition, Distance
and Algorithm Parameters.

CLASSIFICATION RESULTS

OUTPUT TO PAC dta FILES

RESULTING IN ADVANCED
FILTERING

DYNAMIC INTERFACE BETWEEN
UNSUPERVISED & SUPERVISED
ALGORITHMS

* SUPERVISED ALGORITHMS: k-
Nearest Neighbor, Linear and Back
Propagation Neural Net.

CLASSIFIER STORED FOR
AUTOMATIC PREPROCESSING &
CLASSIFICATION OF NEW DATA

FROM SUBSEQUENT TESTS
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NOESIS DOCUMENT

Files & Data I/O

* The NOESIS Document contains the DATA FILE(S) loaded, the PAGES and VIES
the user has created, the CLUSTERING information, the PREPROCESSING
(normalization etc.) performed, the TRANING/TESTING strategies and the
SUPERVISED algorithm along with any UNKNOWN data for supervised
classification.

* The DATA FILE(S) (any number of data files per document) are PAC DTA, TDA or
WEFS files from LOCAN, SPARTAN, DiSP, LAM, MISTRAS, PCI-2 systems or ASCII
data and waveform files.

NOESIS 5.0

[ AE Data [DTA)...
E AE ‘Wave Streaming Data (WFS)... Load AE Features X
EJ ,I:IL Wimum Eﬁtﬂ '-rl:l,l:l.] Standard AE Features
BRI L s [ Rizetime 5
D PE-';J: DE'.E :r:l:“__l___ [w]Counts to Peal
[w] Counts
[B) ASCH Data (DAT)... WlEnegy
= 8 ¢ [w] Dration
R T [wlAmplitude
By Ascit waweform (TXT).... b
[wlaSL
y — [w] Threzhold
ﬂ il.'l'n..il"ll:l:d LU '._.tl'l H [wlAverage Frequency 3
e "'.I . Select the features
g chedi
LI"E'?:. l:l'"llFE:Illl .

Data file types that can be loaded Selecting the features to be
loaded from these files
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NOESIS DOCUMENT - I
Files & Data I/0 T —

Parametrics

— Parametric Yaluez: Main Set - Az Loaded -

The information retrieved includes:

AE hits (hit features), Time Driven Data,
Hardware Settings, Waveforms,

[Parametic 1 : rultiplier 5, Offzet -10
Parametnc 2 - Multiplier -0.21, Offzet 125

Selected : | Parametric 2

Time Messages (Time Marks, Pause, Run, mulipler offset

Mew Value = [ Curnrent Value | 0.2 1+ | 124
Stop). |
Cancel Default I

4E Acquisition System Setupiz]

|
m Sehar Fie: FULLZE0DTS . 3
Tal Labak MISTR&S 2001 [AT & ACTOURITION TEST Time marks management [
m Starched Chanal Sebings | Adyanced Chanal Setings | Other Seftirga | Wibestion Charral Setinga Avvailable time marks:
Index | Timne | Type | ~
Sralng Riter Wrerioen Satup - b
- Charnel | Theashold Prades | Low | High |Sampls flsta) Pre-Trigosr|  Lengh o 0.00000000  Test Funning =
= e L T 1 1511737600 Tirme Mark
= = L] ___I_ 2 24 92262400 Time Mark Insert
EFEl - o L [aK ihee e Lo 3 2915391200 Time Mark
| = £ i i 1200 400 2 1 4 45.29248000  Time Mark
= i3 i *® 12m P 2 T 5 45.03950500 Time Mark
r & HiA HiA HiA (1T HiA (1T HiA [ 6378636800 Time Mark Change
o r = WA WA WA [ WA [ WA ; gggg;ﬂgggg Pme ma':
- - 5 Ime Marl
L 8 | WM i il || Lo i Loy i 5 105.77038000  Time Mark
r 7 HAR, HAR, HAR, (R HAR, (R HAR, 10 10616313600 Time Mark
r 2 HWa WA WA M WA M WA 11 12515526400 Time Mark =5
r s HE HAR, HAR, (R HAR, (R HAR, 12 14091449600 Tirme Mark
r 1B HIA HIA HAA FL HiA PR HAA 13 14194521600 Test Paused
rn Wea Wea Wea R Wea R Wea P 14 152.21785600  Test Running
P ¥ 15 189.77286400  Time Mark
15 227 97300800 Test Paused 3
Time-mark fime [30 15631200

Hardware setup for every file and User defined Parametrics
channel loaded setup (Load, Displacement,

etc..) in HDD and TDD data and

Time Mark management
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NOESIS DOCUMENT
Files & Data I/O e e s e

The capability of NOESIS to load multiple data files in each NOESIS
Document is complemented with TIME MERGING to arrange the multiple
files in time (FILE MERGING).

Data can be EXPORTED to PAC DTA or TDA file format. Clusters
(groups of data) can be created and exported to DTA files effectively

c. providing a very advanced tool for FILE SPLITTING and for creating
LD filtered files through the advanced filtering and selection capabilities of
(7)) NOESIS. _ :
o Noesish - Scatter Plot [Main Set - As Loaded) i =10l x|
] Main Set- As Loaded: ¥=Tirme (7 Y=Amplitude, =No Classifications
m 100F 5 7 T T " CAr
m . . A
o SR L R0 E I RN
p 4 mE L IR AR
ok P i B
B4 b oo
H ¥ I i ii ii s
g A (o . I
a0 l i‘l .I. !" l
180413 2922 58 5554 Eai B406.7 111488 1384908

Two files loaded and merged sequentially in time
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DATA VIEWING
Basic Graphs & Views

NN S

« All plots can be fully customized (from plot type to axes scaling and feature
to font type and size) using the plot properties dialog, with just a simple

mouse right-click.

* A large variety of plots are available including all classical AE analysis plots.

» Pages set-up resulting in multiple SCREENS with any combination of

graphs.
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DATA VIEWING
Basic Graphs & Views

1
i

» Selections can be made on ANY plot type or view, using the mouse.

» Selections are reflected on ALL plots and views resulting in powerful
HIT-POINT-WAVEFORM CORRESPONDENCE .

2 Moesls - brochure.noe
Fie Edt Vew Functons Took Ouslerrg Supervised Help

:

Data Table
displaying
selection

DEEIhed P DEMDEDERB|H . : Filtered Scater Plot
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i i =
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DATA VIEWING - - |
Advanced Waveforms and Feature Extraction

» Waveforms plots can be used as ordinary plots including simple formatting and
SELECTION ability.

* FFT (imaginary, real etc.) and Power Spectrum for any waveform.

» Advanced Individual, Syncro, User Defined etc. Zoom and scroll (panning) options.
 Feature extraction for each waveform with user defined settings to view changes.

« Complete file Waveform Feature extraction including additional features

- [9]x]
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o ey ol by y the sel

o
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)
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NOESIS 5.0
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DATA VIEWING _ - |
Advanced Waveforms and Feature Extraction

Waveforms plots can also show:

« Waveform RMS (user defined sampling)

«Autocorrelation.

» Apply Filters and Windowing for viewing.

-Segment Waveform FFT views. The user can define a segment of the waveform and

. .
get FFT functions for this segment.
° Dasplary | Geaph. Fiter | Class/Chan Filler | Misc. Options | Events | Sgral Fler
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| M
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Copyright ©2006, ENVIROCOUSTICS S.A., Athens, GREECE



ADVANCED DATA HANDLING & FILTERING

Hits can be selected from scatter plots, cumulative (no bins), listing mode,
waveform/FFT plots, and the selection is reflected on ALL other windows including

1<

<

projections. Selected points remain enabled, while the user moves from one window

or view to another, allowing a selection that is based on several criteria:

NOESIS 5.0

Adds points to the pre-
selected points The
additional points can be
selected from another
scatter/cumulative plot.

Accepts previously
selected points, only in
the case of common
hits in the existing and
the new selection, i.e.
sub-select points.

Accepts previously
selected hits, only if
these are outside the
new selection.
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45 0.56 067 0.78 039 1 T3 44 g0 116.284  152.621 1585.959
Main Set - Working Copy: X=Absolte Energy y=Duration, =Mo Classiflcauﬁom iorking Copy (CR Projection), X=PCA Axis O (CR)Y=PCA &xiz 1 (CR), :NE Cla
1F S4F =
o4 32
=]
A .l 095719 e =
0. . # [
] L] . @, "
[ A3 F o =
0.001 =y . r
1 -.- - L]
" S35 ™
00001 .
u L]
LI L 57 h L] L L L
..................................... 000311 0051 051 -1.4 2 5.4 iR 12 16
Cvdint, les\MOEZTO1.DTA (324 records » 8 features]; Absolute Energy = 0,03, Duration = 0.67] [4dd [OR]] MU
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DATA HANDLING & FILTERING <1<l [
EXAMPLE SE———

EXAMPLE OF MANUAL CLUSTERING/ADVANCED VIEWING
FOR FATIGUE EVALUATION

5 Moesis - [Noesis2 - Scatter Plot (Main Set- As Loaded) ]

¢ File Edit Setup Data Graph Statistics Preprocess Clustering  Supemdsed Window Help =l x| ° 1
D et |Fedl||oss |[FaD=EEaE0EEE s &8s Mar_-lual Selection of
s WaIn 56 A5 LAGAG I ASTING LY SPIRAMENIC 1, <Usr-Dennsd = r WaIN SEt - A5 LOG06: XSAMDITOS, TSHUMES Of WITS [, <Us4r-Dannga - . ::; Ioadlng CyCIeS (each
K A é & 2 @; 5;

R OB selection is two cycles)

= &0 i O
= IS I RS B4 ISR T B . e
5 ARENS H ga 8 g% g?i A Amplitude dlstrllbutlons
H 35523885282 . (%)_Coloredby_’ume-
7)) %§%§g§§§g§§g%§§§% period (last periods show
mm [ CRE B2 G5 BF 32 B2 3 f - higher percentages of
O | EFyE é ¥4 L large Amplitudes)
w — e i — — 7 |)%  <Energy cumulation vs.
O . e Qggvm Load for each period
< . ol | el :ogiggﬁgj 0§0£§° e (Energy per time - period
S Lot increases, possible
- damage accumulation)
*Typical Counts vs. Amp.
e e SCAMter plot (signatures

Astort| | @ 1A 9 ||

SINoesis - [Noesis2 - Sc... | [2) Bxploring - Mas_FT | | Overlap |n a” perlOdS)
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STATISTICS

 Min, Max, Mean, Skewness, Curtosis etc. for all data sets.

* Feature correlation matrices and dendrograms

 Various Discriminant criteria for vector or feature statistics.
 Class Statistics (cluster centers, cluster distances etc.)
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EVENT SEQUENCE &
ZONAL SOURCE LOCATION MODULE

NOESIS 5.0

= Local T || T———
sl e | =

NOESIS typical screen with
zonal location information
applied to an actual acoustic
emission data file (PAC DTA,
TDA, WFS format). The plot-
properties dialog refers to the

upper-right graph and the user
has chosen to view the first hits

of zonal group 2 only. The
difference with the upper left

graph where all hits are shown

is evident.
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The acoustic emission zonal location
set-up dialog:

Simple selections allow the user to add,
delete and modify each location group
in seconds.

Various units (both Sl and Imperial) are
supported for international users.
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LINEAR 3D
SOURCE LOCATION MODULE

NOESIS implements a Linear 3D (xyz) location to pin-
point source in 1D, 2D or 3D between sensors. PAC
DTA, TDA and WFS files can be used. The data can be
shown in any Noesis graph. The example below
shows a 2D linear location graph with 6 sensors..

X Location (%] Y=Event Y Location (*] - Main Set - As Loaded:<ho Classification= (Event Plot)(35.43%
04F =0

03

02

NOESIS 5.0

01

-01 ul 1 1 1 1
-0.20000 0.00000 0.20000 0.40000 0.60000
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PATTERN RECOGNITION &
NEURAL NETWORKS. WHY ?

» Without Pattern Recognition, the user, typically, examines 2-D scatter plots (e.g.
Counts vs. Amplitude) to identify AE sources (corrosion, crack growth, leak etc.) and
discriminate noise (bangs, EMI etc.). This is not always possible — Data overlaps in 2-D

*To realize that, consider the following example of artificial data, with three features;
Feature A, Feature B, Feature C. What is the structure of the data?

o e —— : Osoning one 2.0 plot
1 .7 edy . (A vs. B), four distinct
N | clusters appear. Is this
— the solution? Let’s

v select one of them.

W

o D520z ::' 1-.'-'. : . ':-.. {.':'. '.'..

4 R 5 @E I RO 2 L Observing the remaining
R S ARSI R a3 two possible scatter plots
(Bvs.Cand Avs. C) the
.| 2100 cluster “breaks”!

- I Rt T e -Solution is difficult to
B e = M O e L e visualize with 2-D plots.
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PATTERN RECOGNITION &
NEURAL NETWORKS. WHY ?

THE REAL DATA STRUCTURE OF THE PREVIOUS DATA SET!

A T *The data set actually contains 8 distinct
clusters.

*Even for this simple case with three features,
2-D plots proved inadequate for the user to
distinguish the data structure.

*Only the 3-D plot identified the structure
(visually).

*In the case of AE data, there are many AE
features (usually more than 5 to 20, even
more).

NOESIS 5.0

*The problem of identifying the data structure
becomes tremendously complex, as humans
can’t visualize more than 3 features at the
same time.

B

Solution: Clustering algorithms can work in multi-dimensional space (they use
all desired features) to identify data structure and divide the data into clusters.
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HOW DOES PATTERN
RECOGNITION & NEURAL NETWORKS WORK'?

 Each Acoustic Emission hit is considered to be a VECTOR in a
multidimensional space.

*The coordinates of this vector (hit) are its AE features.
*For instance one hit can be described as:

%
HIT = (AMP,CNTS, DUR, ENER, RISETIME ,CNTSTP, AVGFREQ,...)

+Clustering Algorithms segregate the data based on how close the
corresponding vectors fall with respect to one another.

*To do so, they calculate the “distances” between these vectors.

*‘NOESIS 3 offers plenty of clustering algorithms, each one follows a particular
“logic” to decide about which vectors will form each cluster.

NOESIS 5.0

*There are plenty of user defined parameters and criteria for each algorithm.

*CLUSTERING IS PURELY MATHEMATICAL. THE USER MUST ENSURE THAT
THERE IS CORRESPONDANCE BETWEEN THE CLASSES AND THE ACTUAL
PHYSICAL PHENOMENA
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PATTERN RECOGNITION &
NEURAL NETWORKS

» Multiple UPR algorithms, including Neural Networks, for clustering data (Max-
Min Distance, k-Means, LVQ Net etc.) with simple parameters dialogs.

« Manual clustering is available for evaluation and classification using common
AE practices.

* Multiple SPR algorithms including Neural Networks (k-NNC, BP Net etc.).

* Interactive SPR algorithm training and testing modes.

D 18T WOm [EGDHEEE |«

The SPR Wizard has
launche d the Neural Net
Interactive dialog and the
method is being trained

AANMPEN MEBH
R e

NOESIS 5.0

UPR results reflect on
all views.
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Initial Partitioning

Random hd

Iritial Clusters 4
Muilt. Fraction ns
Min Pratatypes 1

K-means lterations {100
External iterations |20

Defauls
ul's Cancel

Forgy Parameters

Digtance Type

Typical UPR
algorithm
settings dialog
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Live-SPR. Real-time data classification and
processing.

DTA files: As the data are acquired by e.g. AEwin, Noesis can read, classify and
otherwise process AE hits, time data, waveforms, time messages and other
informatio.

WEFS files: Noesis can load WFS files as they are acquired. Depending on
classifier Noesis will extract features and break-down a single WFES wave to multi-
hits and classify the data.

Live-SPR dialog
T S with all relevant
In parallel with live classification settings.

Noesis can compute a variety of

NOESIS 5.0

Periodic Statistics that follow cluster

Live-SPR (Pseudo-RT File ¥

Yoring and Classification)

DTA file to be monitored [in Uzagd Datazet]: Manitor
evolution based, on calculated O ATEMPiesiD] DTA Even |
1 7 . & gt x : [ Select Mew
aramete r‘S real_tl me. Th IS featu re IS SPR Clagsifier to be used for clustenng incorming data:
p . . 3 k-Mearest Neighbour [Superised) LI Full Process @
also available during post-processing. B g
Document: Moesis2
Periodic Statistic Settings & I:‘ Oid
Period Classes Chusters] to use Class B Distance and Yelocity 5PA Status: Method .ﬂ\pphed -0k I:‘ Kesy it
Time # Recards [Hits] Class & [Reference) Include in calculation: Exclude from calculation: . o
; " — Amplitud K =]
e e [ - I s ][] (EmL = 1=
g Lg"a“IDSﬂtrsnglh

I oog | Records [Hits) Narne: ‘

Class B [Target]
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v Periodic Statistics dialog with
N [ I relevant settings for real-time
Sl clasoes Mote: calation s perfarmed on orgina [ Loaded) data Nuster evolution monitoring_
(%) By class number (10 Reference Pairt:
i - | Constant ffist period class . center) % |
(recommended) it T
[ Load Settings l [ Save Settings l [ Cancel ] Enable
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Live-SPR. Real-time data classification and
processing.

Class velocity graphs,\
showing how fast the
center of one class
approaches or moves
away from the center

Data scatter plot
with the data

. cla_SSIerd _ e of the reference class
immediately with o Z iy WOB OA CETEEE or point. /
vaUISItlon . = ‘!;,1;.“ : ﬁ:.- .n ‘.LJ'; — :'.IFE?ET-J».;N Statatical Data. X=Time (Period Stan Teme) Y=Class Yeloot. =

Sel - As Loaded. X=Amplaude, Y =Signal
I .
II Inl
"y I I 28000
' .
*
Ll "

5
:
E E

hin Set - Panod-Blassd Statistical Data: X=Time (Penod Start Time) Y=Class Distance, <User-Dafine hinr Sar - Farcadane: Soarascs Caza 5T (Pare S Trew YeCane § Bew cineCatrac

E44000 00 WO OAE(IISN)

E44000.00 FILE. DAANDATATestDataAE W _lisge_mis OTA
SIE- 4376

4400000 / - N

4000 00

NOESIS 5.0

\/ 0 50 100 150 200 250 300 ¥ b = 0 =

Cluster distance, R B e e ——
showing the
evolution of cluster
center distances in

time.

Cluster size,

showing the
evolution of the

cluster data in time.
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NOESIS EDITIONS &

NN

OPTIONAL MODULES

Edition
Features
Name
*Noesis Light Edition comes with full support for PAC DTA, TDA and WFS acoustic emission data files with save and
export capabilities. It includes all basic software functions such as: *Pages, all plot types (scatter, bar etc) with plot
management, graphical filtering, background plots and tabular data views *export or copy plot and page images
Light *multiple data file loading and time management *hit sorting/time ordering *hit selection and hit correspondence in all

views *data/time deletion *import external parametric file *complex data filters *statistics *copy/paste operations
*advanced waveform viewing/handling *FFT, Power Spectrum, Autocorrelation, RMS and other DSP features
*Windowing and Filters *Waveform Feature Extraction supporting new features and user defined settings.

Professional

*The Professional Edition includes: *ALL the functions of the Light Edition *Multiple Hits extraction from waveforms
*segment Wave/FFT views *Calculated and User Defined Features including a Feature Calculator with functions such
as trigonometric and logarithmic *Unsupervised Pattern Recognition (UPR) and the Supervised Pattern Recognition
(SPR) algorithms and functions relating to PR (e.g. pre-processing, axes projections etc) * extended data sets (testing,
training, usage) *advanced statistics and correlation plots *data projections for all data are also available.

Enterprise

*Noesis Enterprise Edition contains all features described above for the Light and Professional Editions along with Live-
SPR. This is a Noesis function that allows real-time feature extraction and classification of data from DTA or WFS files
with graphs and all other Noesis functions. *All modules described below are also included.

NOESIS 5.0

Module Name

Description

TXT (ASCII File Import)

Allows the use and manipulation of text (ASCIl) data and waveforms in tab delimited files, using
all Noesis filtering, viewing, clustering, SPR, UPR functions.

LOC (Location Module)

Provides Multi Sensor Group Zonal and Linear 3D (X-Y-Z) Location for PAC (DTA, TDA, WFS)
files including First Hit determination, Event Sequence of arrival, Location XYZ plots, plot selection
and correspondence etc.
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STEP-by-STEP
EXAMPLE

Example Objectives:

NN

« Understanding of basic functions & data handling in NOESIS

 Introduction to multidimensional sorting and data clustering
« Supervised method training and AUTOMATIC CLASSIFICATION OF

unknown data

Data Used :

NOESIS 5.0

DATAO1.DTA Data Type

With Waveforms Acoustic
Emission

Mechanical
Friction

EMI

Mechanical
Impact

Copyright ©2006, ENVIROCOUSTICS S.A., Athens, GREECE

Hits

0-24

25-49

50-69

70-89

DATAO02.DTA

With
Waveforms

- Artificial data containing Simulated AE signals, Mechanical Friction,
EMI, Mechanical Impact data.

» One file containing all data types is used for initial classification and
Supervised method training.

Data Type Time Hits
(sec)

Acoustic 0-119 0-14

Emission

Mechanical 143-149 15-59

Friction

Data file content examples.
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STEP-by-STEP
EXAMPLE

Loading and Viewing the Data :

A New NOESIS Document is created and the first data file (containing all data
types) is loaded as the MAIN DATA SET.

* A single page containing one graph appears. This page can be modified to
show several views in any arrangement. A choice of standard layouts or custom

(] can be used.
|
Te) * The data due to the
experimental procedure are QoW L6 s ? EOEEOE:0aE(E: aslsa _
N separated in time. i T T o e
. i
7s) » Overlapping is evident in : oA .
1 o .,
(11| Amplitude and other N 4
(@) features. Y 4.
B S~ e T T e
4 - Already, from the graphs 2 § '
presented, some conclusions |° | - .
can be made about the - _ =
nature of the data, from an o T | W{M}ﬂ
experienced AE operator (e.g e

EMI presence).
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STEP-by-STEP
EXAMPLE

NOESIS 5.0

p5is ]
Fie Bt Vew Futons Took Cisterng Supenesed hep

Lzd P& tERNEDDEEEEB %% @ %88
| X=Tima ), ¥=Humber of Viectors (Hits) () - Main Set - As Loaded <Na Classification>
al)
= .
=L/ 500
&
= |
& 400
300
200
100
. 25000 50000 75000 100000 1250 00 150000
]+ |.Peget |
For Help, press F L X 3080, 883, Tn-33.855 o |

The standard first page and single graph when loading
data.

O&E LIRS R MOEYEEE S QG AEHE
P ¥=Tlma [*} ¥=Humber of Vectors (Hlts) ['] - Main Set - As Loaded <Na Classification>
]
4 [ ?
2 500
& Pige lapout previess: sach b Iepiasents & view giich
- - O m
e sl=l
I=]f=:]
m Sl
1 Selec ba: Lagond
- Fows 2 3| [ Rem | Poerame
- N T
2 Click. and dra the mouse 1o combne viswi.
100 _I [ or | [ caxa |
8
. 250 00 500 00 750 00 1000 00 1250 00 500,00
T |paget i
For ek, press F L T 79238, TR [

The Page properties dialog. Use the standard layout
buttons or the row-column controls to create (split) the
page to the desired number of views and see the
result in the preview area.
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&|mmramuq&wu—eﬂm
LeH PS tERNEMDEGHEE@R &% 62600

¥=Time [*) Y=Humber of Vactors (Hlts) ['] - Main Set - As Loaded <Na Classification>

500

400

i@ e e and

300

20000 gt
(S
Lreste a Cooy
ooy Bt In
g BB ooy Bvpe inege

. Q0 EsetPage '

e 000 750,00 1000 00 1250 00 150000
] uPagey ]
Bt Page Xm0 485, V= 39.99 o |

Right-click on the tab to get to the context menu.

e RS BN - MOEVEEE S A dEE
I ¥=Tima [ ¥=Humbar of Vectors (Hts) ['] - Main Set - As Laaded <Na Classification>
]
4 [ ?
2 500
& Pige lpout previeer: aach boo Iepiscents & view giich
- - o|m
: =l==]
I=]f=:]]
m =| 5
1 Selecd bave layond
- Aoe 2 3| [ | Poerme
N T
2 Click. anvd drag the moube 1o combine vewi.
100 _I [ or | [ ceca |
8
. 250 00 500 00 750 00 1000 00 1250 00 500,00
T |paget i
For ek, press F L T 79258, T T

Left-click and drag the mouse over the preview area to

merge views and achieve complex layouts. In this

case merge the two bottom views to one by left-click

on the lower left view and drag the mouse to the
lower-right view.
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STEP-by-STEP
EXAMPLE

Advanced Viewing :

* The data can be viewed in a variety of ways. Waveforms and
corresponding FFTs can be displayed in any view.

* Hits can be selected using the mouse or other pre-set
operations to view their correspondence on other plots or
waveforms etc.

File Edit View Functions Tools Clustering Supervised Help
OLEE -+ - € %7 BuUgE O d b EN| (5|5 | & &
Data01.dta MISTRAS-2001 DATA ACQUISITION TEST Oct 5,1999 10:50:03
[ Hits: 20 - Waves: 30 Time: 408,303 s=c
m “=Amplitude Y=Counts - Mzin St - Az Loaded:<Mo Clzzsification= g
[]
' .l‘ll
| o TaE
]
m [
:
_'
=
E [ — 1 1 1 1
] £0.00 £0.00 70.00 50.00 0.00 . == -
PCA Axis 1 [CV]Y=PCA Axic 0 (CV] - Mzin S=t - A= Loaded (VT Projection) <No Classification ¥=Time [*].¥=Counts - Msin Szt - As Loadad:<No Classificstion>
m 5 m0 o
100 | #
00 oy
& el ety
i L I n; 2 b iy "u
= o= %
" . [ ]
418300000 |[® o m - -
K " =R
#i-’ 218300000 -
=
hu . amm =
183000 | L = LL]
g \ L - L]
Cl
o -1217000.00 b L L L Tem - L
";‘. -1608000.00 354000.00 2354000.00 4354000.00 0.00 100.00 200.00 300.00 400.00
[ Page 1 j Page 2,
For Help, press F1 X=44,882, Y=0.682 MUM
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STEP-by-STEP
EXAMPLE

Advanced Viewing :

NOESIS 5.0

*The data overlapping observed earlier
can be viewed via statistics and
correlation plots such as the Correlation
Hierarchy (dendrogram) plot. E.g. Energy
and Sig. Strength (4 and 11) are two
highly correlated features and do not
provide separate information about data
structure and separation. Information
from one of the two is enough.

» Knowing the data in this small data file
the user can select manually and create
clusters according to the known types
and their separation in time. Selecting the
hits generated by mechanical impact (see
screen shot), it is evident from the other
plots that if we didn’t know a priori the
type of data, even an experienced user
would be uncertain in distinguishing
Simulated AE from Mech. Impact.
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BEHEER HDOIEEEEE o &
&

O d &g [el En
Data0i. arcIRes.a00tnazaaco o
Hi rchy ( Set: Main Set - As Loaded )
. 4 113 5 126 1 2 7 8 109 0 a Channel
10n ) 1 Risetime.
0w 2 CounistoPesk
B FEATURE pd s STD .1
4 Eney
0 (CH&N) 5 D 0
e 7 ? mplit
1 (RISE)
i 25 75.6¢
o
2 (FCHT) o
n 4.61:
3 (CHTS)
= e 41.8¢
£ 4 (ENER)
s 358
& s ooray [ |°F
m 1661,
5 J(AMEL) Set Main Set - as Loaded 17 ¢
7 (asL) Rk Fie : Datall.dha
11,48
-
Single Link Clustering 3 178.C
9 (REFRQ) v
< ¥
[\_Correlation Plots_\ Waveforms ), Data Tabke  Statistics /
For Help, press F1 ) NUM
EH tBRe SR mEAEOE = E E
Data01.dta MISTRAS-2001 DATA ACQUISITION TEST Oct 5,1999 10:50:03

Hits: 50 - Waves: 50

Time: 408,303 s=c

5000

1000
500

X=Amplitude,=Du

50.00
er

80.00

] Select the parameters to be used
| fy p ]

or furher processing

Fress ‘Apply Selectiont when
done.

X-Time (*).Y-Amplitude _Ifain Sel Vorking Capy:<1io Classification-
U ]

mplitude
i [ ]
o

400.00

TR R K E R R

Select  Mormalize | Principal Comporents | Wiew Log

N
Apply Selection
e

Orignal Data Filels):

baadl e

=
Main Set - Working Capy
malic

Waveforms ), Data Table ), Statistics /

17 (18.9%) selected X=82.091, Y=13293.168
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STEP-by-STEP
EXAMPLE

*Preprocessing and Clustering :

« Some features are not useful in distinguishing different types of signals.
Correlated features produce classification biasing and should be removed
accordingly from the clustering process.

* Normalizing the data provides arithmetic correctness in automatic
clustering.

* Creating projections utilizes maximum separation space.

ALL PREPROCESSING IS APPLIED TO THE “WORKING COPY” OF
THE DATA.

NOESIS 5.0

*SMART, EDUCATED PREPROCESSING PROVIDES IMPORTANT
INFORMATION TO THE CLUSTERING ALGORITHMS

*Applying Preprocessing :
« Remove correlated features.

* Normalize data.
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STEP-by-STEP
EXAMPLE

1<

Applying UNSUPERVISED PATTERN RECGNITION (UPR) (CLUSTERING):

» Using k-MEANS with TIME DISTRIBUTION as initial partitioning provides
clustering results indicative of the physical phenomena artificially generated.

K-Means Parameters

Diztance Tupe

| Euclidean

Initial Partitioning

| Random “ |
Initial Clugters 4
Iterations 100
[ Run ] [ Defaults ]

[ Ok ] [ Cancel ]

JElx]|

NOESIS 5.0
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» Several mathematical criteria
and indexes are calculated which
may be a measure of the
clustering efficiency (Wilk’s, Rij
etc.).

S EHEEBEEBE

LEd $2F S 2| BB MEAEEE|&: &z 88
| Datadi.dta MISTRAS-2001 DATA ACQUISITION TEST Ocr 35,1999 10:50:03
Hits: 30 - Waves: 50 Time: 408,303 sac
H=Amplitude ¥=Duration - Main Set - A= Loaded:k-Means (Unsuperyig=r H=Time (*),Y"=Amplitude - Main Set - Working Copy:k-Means (Unsupervigad®
5000 F YN u Impact 1 s e w Impac
Lol w EMI u EMI
1000 bt u| = Pencil -#"' m Penci
I o
500 " m Frictic
u -Q. =
100 '.‘:' Cluster Display Properties
sofe "ul
- Main Set
10 " Datall.dta 0
5L L]
" Cluster with [D: .?8
- ; i ; | 0] | > L " :
50.00 60.00 70.00 80.00 Colar and Syrmbal 0.00 200.00 300.00 400.00
X=Energy,Y=Risetime - Main Set - As Losded: k-Means (U| por of Vectors (Hits) (%] - Ml Set - AS LOS0SOK-MEaNS (Unsupenised)
] Color: -.mm - =] m et
e P EM
— Symbal: | Box vi mencll
s | m Fricn
300 Label
| Impact |
. = - [ Uze Defaults ] [ Ok ]
ol = 1
}3# _F__ "F g H|u ‘ W
, , U DM 0
0.00 250.00 500.00 TED.00 1000.00 5000 6000 7000 5100 @00
] | Correlation Plots { Waveforms ) Daia Table ) Statistics /
For Help, press F1 1({1.1%) selected ¥=48.636, Y=14610.317 UM

EEEH

BEEEREEA




STEP-by-STEP
EXAMPLE

Customizing Data Viewing:

* Cluster colors and labels (names) can be changed

at any time.

* New plots can be created as necessary.

|
EX
m File Edt View Functions Tools Clustering Supervised Help
Led & & % [0 € [d i & B
= DataD1.dta MISTRAS-2001 DATA ACQUISITION TEST Oct 5,1999 10:50:03
Hits: 50 - Waves: 50 Time: 408.303 sec
Number Time Ciass Label Channel Risetime Counts to Peak Counts Eneray__ A
62 256 4294525000 E 1 208 B = e
= 50.3422772500 Fricton Il 2
| [ 284.7955910000 M m 1
65 2896439137500 B__m 1 30
= 305.4674122500 E] 1 2 258
[ 300, Fricton 1
68 3195731692500 B__m 1 12
69 3221580007500 Fricion W
70 30.0530907500 mpact__ W 1 103 %
7 354.8763045000 impact W 1 120
= 7z 359.1582482500 mpact W 1 118
73 362.5789650000 mpact W 1 115
= 72 3658272665000 mpact__ W 1 7 134
] 75 369.0505567500 impact W 1 o7
B 76 373.9202147500 impact 1 104
jid 376.3730315000 mpact__ W 1 7 %0
] 78 376.3981792500 Penci__ W 1 5 E
78 376.4243610000 Fricion Wl
80 379.5072465000 mpact 1 %
a1 3838311307500 mpact__ W 1 108
& 3835749422500 Penci W 1 50
8 387.2286525000 impact W 1 50 [ 1087
BE 3908685700000 impact 1 92 52 1132
B 3885027362500 mpact__ W 1 % %0 370
3 388.1071342500 moact W 1 93 150 ™
< >
[\ Correiztion Piots . Wavetorms ), Data Table  Statistics
For Help, press F1 11 (12.2%) selected UM
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Hoesis

Fie Edit View Functions Tools Clstering Supervised Help

1<

EBX

el & 7 [e] bl R
Data01.dia MISTRAS-2001 DATA ACQUISITION TEST Ot 5,1999 10:50:03
Hits: 50 - Waves: 50 Time: 405,303 s=c

]
]
£8
2]
3

DATA STATISTICS

Class 0 Impact : 17 patterms (18.9%)
Clazs 1 EMI : 11 patterns (12.2%)
Class 2 Pencil 5 patterns (27.6%)
Class 3 Friction 37 patterns (41.1%)
,,,,,, CLUSTER DISTANCES

1 2
i 4. 6e+006 5. 9e+006
1 2. 9e+006
z
Average distance 4e+006
Mininan distance : B.4e+005
Haxinun distance : 6. 7e+006

,,,,, CLUSTER CEHTERS (Features ¥s Class)

Cluster 0(CHAN) 1(RISE)
0 Impact 1 98.6
1 EMI 1 172
2 Pencil 1 a2
3 Friction 1 26.8

,,,,, NUHBER OF PROTOTYPES IN EACH CLASS

IVFDICE TTTOTE CTNETED NTETINCES

2(FCHT)

3

6 7e+D06
3 3e+006
8 4e+005

6.
a.
2,

e
=t

&
3[CHTS)
106
17.5
68.2
5.11

['._Corrslation Piots_j, Wavefarms ), Data Table  Statistics

For Help, press F1
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STEP-by-STEP

EXAMPLE SUPERVISED PATTERN RECOGNITION (SPR) =

AUTOMATIC CLASSIFICATION OF UNKNOWN DATA :

» Having achieved an acceptable classification SUPERVISED METHODS CAN BE
TRAINNED to recognize the existing types of signals in unknown data.

* A training and testing set are created (type is chosen by user) and the desired SPR
algorithm is chosen and trained. Training a Nearest Nelghbor Classifier:

° QT R -|2] %]
m [l [ id s #8 &6 @5
Trai . ised) sting Set - Az Loaded: X=Time (*),¥=0Duration, k-Mearest Nelghbour (Supervmen
a7 F e = imi egan . " Impe
u B . = EMI
& =ap” | ® Pa " Pem
i T 2" o Fnfassan b .
o . . . u " Frict
| x . .
m m| ®r " " - 34084 -
.
M ) 5 v =1 sl 22726 |
Ll * Training error is indicated -
I .th . t t. t. s " . Noesis message: Ll x|
a Ong WI Va rlous S a IS ICS - é Testing completed: O misclassified test zet records [ 0.00 % error " .
. 4 he = [Comparizon based to curent Main data set classification and training strategy) = " L L
regarding the success of the I T
Training Set - Working Copy: X=2mpl =Duration, k-Mearest Neighbour [ Suneevi:
t T 7 = = Impac
ralnlng- D = Enl = = Eml
= Penci = Pencil
059597 . T o7sasn N o
= Frictic . = Frictic
]
0.36499 046881
0134 | R T 0.20322 s
i
.
096983 " 062375
]
" a " LI . - '
032797 fuapt™" " - " 032797 lguanet® B i .
-1 -0.6054 0. 21 ova 0. 18381 0. 5?842 0. 9?302 -1 -0.6054 -0.21079 013331 057842 0497302
Dore. b INOM
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STEP-by-STEP
EXAMPLE

NN

Applying Trained CLASSIFIER to Unknown Data:

* When applying a trained classifier to new, unknown data, these must be of similar

nature to the ones used to train the method.

» Load other example files containing some but not all the signal categories existing in

the original data file and see the performance of the classifier.

u &5 Noesis - Noesis1
Fle Edit View Functions Tools Clustering Supervised Help
* Only t I f : . = __
L nly two classes o new 3% WOENOEEEE]5 @ 00
. . . Data02.dta MISTRAS-2001 DATA ACQUISITION TEST Oct 5,1999 11:01:05
S|gna|s are found in th|S o | Hitm: 60 Weves: 55 Time: 140,031 sex
m [w] » X=Time (*],Y=Amplitude - Usage Sat - As Loaded k-Nearest Neighbour (Suparvised) plitude Y=Duration - Usage Set- As Loaded k-Mearest Meighbour (Super
. Pend] Penc
data file presented to the . 2122 < e
- | n
(/5] trained SPR. Simul. AE
- " SDU =
LLl and Friction. s
o : g' ;
o) 100 .
]
2]
| g
W0Ff=
.
. 8-
-
.
am
=
-
-
il L L L L L =, 1= . L L L L L L
2800 20.00 TR0 100.00 12500 150.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00
[\_ Correlation Plots , Waveforms ) Data Table }\ Statistics \ TrainTest Data j Usage Set,
X=45,383, ¥=0.572 MNUM
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