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CONTEXT AND OBJECTIVE

e Our Laboratory works in the Framework of the CIP (CABRI Inter-
national Program) Project operated and managed by the French Nu-
clear Safety and Radioprotection Institute (IRSN). CABRI facility
i1s a nuclear pool-type reactor designed to study the behaviour
of fuel rods at high burnup under Reactivity Initiated Ac-
cident conditions that could occur in nuclear power plants (Pres-
surised Water Reactor).

Experimentalists use R scripts for data-processing and to visualise
their data, which is paramount in an exploratory context.

As the number of developed scripts increases over time, our aim was
to make them available through an ergonomic Human-Machine
Interface. This way, experimentalists would be able to add their
own contributions without concerted efforts in terms of HMI
and OOP programming. This would also lessen the risk of making
manual mistakes and significantly enhance the speed with which
analyses can be conducted.

SOFTWARE FRAMEWORK

Java environment

Java: from the Swing and AW'T framework to the JavaFX framework

providing the Web Engine functionality

using the Design Patterns’ scalability (COMMAND, MVC, DAO)
to easily fit future menus

created with JavaFX Scene Builder tools

eclipse (with ObjectAid for the UML diagrams visualisation)

Code:

Windows:
IDE:

R environment for Java connection

e rJava package 4], Java/R Interface JRI (org.rosuda.JRI) and
REngine (org.rosuda.REngine)

An ergonomic HMI

A settings panel displays the variables and their values which can
be edited manually.

An embedded R console allowing the user to perform additional
analysis tasks

A zone of action buttons triggering the execution of the scripts

Tabbed WebView panels with the interactive graphics linked to
the html files generated by the external R scripts

Methodology to add a new feature

Step 1: Write R scripts

Step 2: Fill in a parameter file that contains a list of initialisation parameters
and their default values from which the panel of input/output parameters is
generated

Step 3: JavaFX’s visual layout tool is used to customize the GUI and integrate
as many WebViews as one wants in the classical dynamic structure of Ob-
servers/Observables.

==Java Class== <«)ava Interface=»
<=Java Class=> {9 Observable &3 Observable
(2 JApplet java.util main. microphones. metier

e @ registerObserverimyObsery...
@ Observable() @ unregisterObserver(Eventkin...

<<Java Interface== -obs @ addObserver{Observer).void @ notifyOb=zervers(Eventiind):...

€3 Observer 0.* @ deleteObserver(Observer)void fl
JERERN :

@ update(Observable, Object):.void

1

Model objects

<<Java Class=>
(2 MicrophonesCalculRFace
mgin. microphones. metier

notifyObs()

%
<<Java Class=>

\(3 NewFeatureCalculRFace

main. newfeature. metisr

<<Java Interface==

<<Java Class==
€9 myObserver

(2 Application Regressmn

magin. microphones. gui
main. topessai.gui.app

F . s .
%l JFXPANEL_WIDTH_INT: int e type: Eventiind notlfyO bS()
%l JFXPANEL_HEIGHT _INT: int @ sefType(EventKind):void :
o fxContainer: JFXPanel @ getType()EventKind <<]ava Class==
<<Java Class>» = (2 TopEssaiCalculRFace
(2 ApplicationNewFeature We bVI ew msin, topessai. metisr
main.topessai.gui.app
%l JFXPANEL_WIDTH_INT: int = n otifyO bs ()
% JFXPANEL_HEIGHT_INT: int
o fxContainer: JFXPanel update() ¥
Webview
regression.html+
date() » hew-feature.html| <
updaate ;
P denoise.htm| «—
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IDEA AND ADOPTED SOLUT

e JavaScript is what allows a user to interact with a web page. Hence
it was embedded into a HTML document to create dynamic vi-
sualisation (e.g. allowing users to alter input values and see how
outputs change virtually in real-time).

e JavaFX framework provides a WebView component used as an em-
bedded web browser supporting JavaScript in a JavaFX application.

e R provides binding connectors from JavaScript to R:
htmlwidgets package [1| and its many libraries |2|. Worthy of

note is plotly which can be applied on the top of the broadly
used ggplot2 graphs (3],

Shiny web application where visualisation tools can be updated
by direct clicks on the web panel.

e [ixperimentalists will only have to write their scripts with htmlwid-
gets or plotly commands outside the HMI.

ExAMPLE 1: AUTOMATION OF THE TOP
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The TOP (Transient Over Power) onset is defined
as the instant when the reactivity increases in the
To detect it, measurements are done

CABRI core.
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Top onset calculation based on trial-and-error approach using the interac-
tive representation of the G21 and G22 neutron detectors’ signals

The idea is to choose 4 values according to the
curve shape detector signal at the prompt jump’s
beginning in order to roughly estimate 6 and wq:

by the 2 experimental boron chambers closest to

the core coined G2.1 (the most sensitive) and G2.2
(the most noised). The TOP onset is characterised
by an exponential rise of the count rate.

logarithmic scaling, the evolution follows a hori-

tbeg:
topl:
top2:
tend:

beginning of the selection

end of the first part of the selection
beginning of the second part of the selection
end of the selection

After a

zontal line before the TOP (steady rate) and an

ascending line afterwards.

In[power(t)] = {

0o + wq

CABRI experimental device

Microphone 2

Microphone 1

Fuel element

Microphones’ location

During the experimental phase, the behaviour of the
fuel element generates acoustic waves detected by
two microphones (piezoelectric AE sensors) placed
upstream and downstream from the test device.

- (t — top)

ExAMPLE 2: MICROPHONES’ SIGNALS’ SEG

The chosen model is:

if x(t) < top

These 4 values are chosen by the user thanks to the
touch-on graphs and the TOP is assessed by min-
imisation of the Residual Sum Squared.

if x(t) > top

meters rH1:No[5eSublracnon M1 : Qutput Analysis | M1 : Output Spectro

repnal
[n= 1024, sampling frequency = 4e+05 Overlap Ratio = 50 % , Correlats 79 %

Amplituds (V)

Denoising microphone signal and segmentation

Step 2: Storage of the events in a Relational
Database PostgreSQL.
Step 3: Visualisation of the events and possibility

to fine-tune their selection

Each recorded signal is post-processed through the

following steps:

Step 1:

Detection of events

based on the evalu-
ation of the signal-to-noise ratio after a

spectral noise subtraction
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To detect an event, a sequential analysis technique
based on the moving variance of the signal was used.
As unsatisfying detection of events may happen, the
integration of a Shiny application enables the user
to edit the detection manually.

Microphone M1 and M2 Signals - interactive events ajustment

BEGIN END Add Event Validation

Microphone M1

Shiny programming give us the possibility to edit the automatic
segmentation before the storage in the PostgreSQL data base

Microphone M2
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