62 University of Pardubice, Jan Perner Transport Fagul

LINE PART OF ETCS L2 APPLICATION
IN THE CZECH REPUBLIC — CURRENT STATUS

Milan Kunhart !

The article is concerned with the Pilot Project fowmologation of ERTMS/ETCS system
in the Czech Republic (PP).

The article describes an operational charactemstine PP (ETCS application on the conventional
lines, mixed traffic with equipped and unequippedns) and a technical characteristic of the Pie(l2
application, cooperation with existing tracksidestsyn from domestic supplier, development
of the specific transmission module of the natiokalomatic Train Protection system of the LS type).

The article describes the architecture of the ELZ&pplication and a development of the special
interlocking - RBC interface IR, its functionaé8 and behaviour.

The article describes some of the test procedwed on the PP for the purposes of assessment
and validation of the system components and proesdThe functional tests of the system components
were performed primarily. Then the integration ¢dsttween laboratory simulators and then betwean re
equipments were carried out. Very complex teststbdmk done in order to obtain a preliminary techhi
approval of the new interlocking software. Tesatggy was crowned by performing the on-site tests
of the real equipment on the PP line.
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WEAR DEBRIS ANALYSIS IN TRANSPORT

Stanislav Machalik!, Roman Juranek

The goal of this paper is to outline the possie#itof improvement in image analysis with the help
of automatic evaluation of wear particles by usimgdern methods of artificial intelligence.

Key words: image analysis, wear debris analysis, machimaileg methods

1 Introduction

Lubricants used in mechanical parts must accommattradictory requirements on their function in
many cases and, at the same time, they must ofoek w extreme conditions with longer service life.
The increase of reliability and the economy of niaehuse are closely connected to monitoring the
condition and state of technical parts of usedidamt with the purpose of diagnostics. Computergena
analysis of wear particles is a useful supportiagl tfor detail analysis of oil samples. Presently,
laboratory methods of analyzing each element u@deticroscope are used most frequently. Modern
methods, including machine learning, provide pabksés of automation of wear debris analysis.

2 Current state of the problem

The analysis of the image obtained with a set-upsisting of a microscope and a digital camera @&an b
used very effectively in experimental branchesteelao the evaluation of operational substances and
construction materials used in transport. Eachsadmgparticle is extracted from the obtained image it

is analyzed in order to determine the prevailingmtgpe.

The method of analytic ferrography is currentlyrigeused at the Jan Perner Transport Faculty in the
first place as one of methods used to prepare dh®le in order to obtain a quality snapshot of the
abrasion patrticles in the lubricant.

2.1 Fundamental principles of analytic ferrography

The results obtained through the method of anafgimgraphy indicate the real technical statehaf t
lubricating system and lubricated parts as welthesway of wearing out the particular abrasion gair
Each part is evaluated using a microscope.
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In short, the procedure of obtaining and evaluativegwear particles can be summarized in several
steps:

» Preparation of sample— Before starting the ferrographic analysis, them@a has to be
homogenized in order to dispose of the sedimemtatigarticles from the bottom or the wall
of the vessel containing the sample. The next ¢jperss to dilute the sample. The goal is to
achieve a suitable level of viscosity of the santof oil and diluent. At the correct level of
viscosity, a mark of wear particles of even denstgstablished in the magnetic field of the
ferrograph; the extent of overlapping particlesmisiimum and they are prepared for the
analysis in an ideal state.

* Preparation of ferrographic mark — the ferrographic analysis starts with magnetic
separation of particles from the oil sample. THeflowing down the pad is effected on by a
magnetomotive force that speeds up the verticaiomptind by the viscosity of the liquid
surrounding slowing down the descent of the patifhe variable intensity of the magnetic
field results in the sedimentation of particlesser in oil in places determined by their size
as well as magnetic characteristics. Hence, magpatiicles are sedimented (based on their
size) along the whole ferrogram in typical ringhdms). These chains are established in the
direction of lines of the magnetic force so theg perpendicular to the direction of flow of
oil. Non-magnetic particles are sedimented randatdng the whole ferrographic mark; they
are often captured in the chains of magnetic gdastic

* Analysis and evaluation of sample—evaluation of the ferrogram obtained in the way
described above allows more detailed analysis aphaogy of particles, their type, surface
etc. using special microscopes. Based on the sesifltthe image analysis of captured
particles, the mode of wear of the mechanic syg@mgine, gear box etc.) can be determined.

2.2 Adjustments and image analysis of a ferrogram

The system for performing the computer image amalysnsists of a digitizing device and a computer
equipped with special software used to preprodessnhage. The LUCIA system (Laboratory Imaging,
s.r.o. Praha) is used at the Jan Perner Transpouitlz. A microscope connected to a digital camera
used for digitizing. The image is then adjustedeftapping of particles, removal of interferencengdats

in the image etc.) as needed. The result is anamagdy for segmentation of each particle and its
evaluation.

The key step of the image analysis is so callechsagation during which the objects to be evaluated
(abrasion particles) are identified in the imagbke tmeasuring can take place and the required
morphometric or densitometric characteristics géots (e.g. area, perimeter, length, roundnesbjetts
or intensity of selected color element) can berdateed only after that step.

Therefore, wear particles are currently evaluateohgrily using the mathematical markers and an
evaluation of the wear type is based on the fatphrticular wear types are described by givepehaf
abrasion particles (markers values are containea iange that is typical for a particular wear)isTh
means that it is possible to draw a conclusionrdeteng the wear type that resulted in the creatibthe
particle, based on morphological parameters of wear particle. More detailed description of
characteristic shapes of wear particles is out$idescope of this paper and can be found in lileegtl].

The disadvantage of analytical ferrography is thate are requirements of expert knowledge on the
ferrograph operator (preparation of sample, adernthe work procedure) as well as the person iwho
preprocessing the image. However, the criticaldiacs the experience of the person performing the
analysis itself and the evaluation of the ferrogramage. Based on the number and the characteristic
shape of abrasion particles, the prevailing weae tyas to be determined correctly.
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3 Automating the image analysis and the evaluation ofiear type

The element determining the success of the evaluaif the type and weight of wear is the expert
erudition of the person performing the image anslyg the sample in case of using the method of
analytic ferrography. The goal of this paper igntsoduce one of the options of automating the whol
process, targeting the minimization of human fauld, above all, the independence on expert knowledg
and skills of staff.

Effort is made to use machine learning for creatiban automatic classifier of wear particles. Wali
the current method of particle evaluation whichetkprimarily their morphological parameters into
account, the newly created classifier works diyeaiith images of each particle. The basic ideaaiseol
upon methods of machine learning. The classifiesube capabilities of machine learning; in thisecat
is performed using a database of model images rtitjes with a known wear type that resulted inithe
creation. If a particle database large enoughesl uthe classifier is then able to analyze newhnstted
image automatically and to assign it to one of efie@éd classes of wear based on its similaritydming
models. It should be noted that the crucial posnthie creation of the database of model particfes o
sufficient quality.

3.1 Data collection in order to create the database

The quality of the set of input data representethkyimages of each particle is one of the mosbimant
factors influencing the success rate of the clessifhen evaluating the tested particles. Whengutie
methods of machine learning, the more input dat¢aaamilable for training the classifier, the highies
success rate is when evaluating real particlesolgaining the images of each particle directly frtra
ferrogram image manually would be very time-demaggdlaser counter of particles was used to collect
the data.

Laser counter of particles (LaserNet Fines, LINE)a device using laser technologies and advanced
software to identify particles in lubricants. Ithased on the technology combining laser rendevitiga
neural network in order to determine the charasties of abrasion particles as well as other dagic
contaminating the lubricant.

A characteristic sample of the oil is submitted dorlysis. The LNF device pumps the examined oil
using a surveillance cuvette lit with a pulsed taséode. This allows for obtaining the image
documentation. The image is continuously recordé@tl & video camera with magnifying optics. The
shapshots are then examined using a program testauseural network to determine the type of dagic
as well as their grain size distribution (Fig. 1).

Within the scope of this project, the LNF deviceswssed to obtain the input data file containing
about 8,000 particle images currently.

The disadvantage is the loss the information obrcscheme of particles (the output of the LNF
device is in the form of binary images only). Howewhis flaw is not significant because the arialgé
wear type of particles is based primarily on thapeh of particles. Therefore, this simplification is
acceptable.

! The LNF device is capable of determining the typerevailing wear by itself but its price is toagh and out of financial capacity of the Jan
Perner Transport Faculty. One of the goals of fhrigject is to create a classifier working with andiar principle.
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Fig. 1: Input data from the LNF device

3.2 Adjustment of input data

The size of particle images obtained from the LMFes. The size of image is directly proportiomathe
size of particle. The size of image ranges fromesswixels to hundreds of pixels. In order to wallthe
use of images for training, several conditions haviee satisfied. Firstly, the size of models lmabé the
same so the particle images have to be normalidednalizing can mean simply re-sampling all images
to a uniform size; however, this adjustment does keep the information of relative particle size if
compared to each other. Some small particles ceegdn larger than others that are larger in reasy.
the particle size is important for classificati@gnhas to be represented when normalizing. Theeefibre
result of normalizing is a set of images of unifaine, preserving the relative particle size.

In the next step, the particles are centered inntlage so that their center of gravity lies exattlyhe
center of the image.

3.3 Training

Training is based on the AdaBoost algorithm whitdrates through the selection of so called weak
classifiers that classify the training models itdaoget classes (wear types in this case) in thevoag.
Hundreds of weak classifiers are selected (ouewéral hundreds of thousands). A weak classifiex is
very simple function (it is sufficient if it is jas little better than a random function). In thase, the
classifiers are based on image markers (particienpéer, roundness length, width etc.).

The evaluation of the whole process of classiforats based on the weighted sum of responses from
selected weak classifiers. Thanks to the extenseéoned WaldBoost, it is possible to eliminate a high
amount of calculations: it is not necessary to @aa@ all weak classifiers, which allows for veryiaku
evaluation of classifiers.

3.4 Extending the analysis to a group of particles

In practice, the evaluation of individual particlssnot very important; therefore, the main goatds
classify particles from an input area as large @ssiple (the whole ferrogram in an ideal case). The
classifier then determines the prevailing wear type

The main task is to obtain the image of the wheleogram with respective magnification as the
input for the classifier in this case which regsiszquential scanning of the ferrogram combinet itst
automated shifting under the microscope. The senapshots that is created has then to be connected
panoramically in the horizontal as well as vertidiaéction.

4 Conclusion

The expected output is an automatic classifier eamparticles that will be capable of evaluating th
given particle and determining the wear type tleatlted in the creation of the particle. This stépbe
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further extended with the ability of analyzing apshot containing larger number of particles wtikes
result will indicate the prevailing wear type.

The implementation is planned for the year 2010.
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