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1. Introduction

Friction-induced vibrations are typically undesirable in
technical applications because they generate noise, reduce pre-
cision, and increase wear. VVarious mechanisms cause friction-
induced instability. The velocity-weakening characteristic of
friction is one of the most important sources of friction-induced
and self-excited oscillations; It is also called the Stribeck effect.
Another important instability mechanism is known as mode-
coupling, where two or more modes of vibrations are dynami-
cally connected. A host system with 2DOF is considered, rep-
resented in Figure 1 by the traditional mass-moving-on-a-belt
and coupling spring. A hybrid vibration absorber (HVA) is at-
tached to the host system, consisting of a passive part called a
dynamic vibration absorber (DVA) and an active part with ac-
celeration feedback control. A comparison between the active
and passive absorbers is performed.

1. Figure The host system with a hybrid vibration
absorber (HVA)

2. Applied methods

The system's equations of motion were derived using La-
grange's equation of the second kind. We nondimensionalized
them by transitioning to dimensionless time and introducing
further dimensionless parameters.

The stability analysis of the system against small perturba-
tions was investigated. Accordingly, we linearize it around its
trivial solution and investigate its stability. Three different
cases were investigated with respect to the primary system's
horizontal and vertical natural frequencies. Namely, the first is
smaller than the latter, the first larger than the latter, and the
two have the same value.
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The optimal absorber parameter values for the three cases
were identified through various methods. In particular, a brute
force approach and a simplex algorithm were combined with
the bisection method. In Figure 2, 25 and &5 indicates the ab-
sorber frequency and damping, while A_. Marks the critical
strength of the Stribeck effect, causing instability.
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3. Results

The stability chart shows that the system suffers from
Stribeck instability at low relative velocity and mode-coupling
instability when frequencies have close values, as shown in
Figure 3 (left). The attached DV A shows a good efficiency in
controlling the Stribeck and mode-coupling instabilities. Be-
sides, it expands the stable region of the system for larger val-
ues of the strength of the Stribeck effect A (lower relative ve-
locity). The HVA provides a significant improvement in terms
of stability, as shown in Figure 3 (right).
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3. Figure (left) Stability plot of the system without HVA
(right) The Performance of the DVAvVs HVA, 2, = 2, =8

4. Summary

The DVA works very well as it is able to eliminate the
Stribeck and mode-coupling effects even when they appear at
the same time, i.e., when Q; = Q, = 8. However, by adding
the active part, the system's stability is improved a lot. In con-
clusion, the DVA is effective, the HVA does much better than
DVA, but it requires extra cost due to the use of actuators and
Sensors.

-_—r A 4. A A
T LT L

=5, mnmer L WTHASRRAARARRELITN
ArANRRNREARRARNI] S @ @R i /[NAAREARRRRNANAGY

S ——d MUEGYETEM 1782




Teaching a neural network to balance a pendulum
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1. Introduction

The inverted pendulum is a classical problem in the field of
dynamics and control theory. In my thesis, | trained neural net-
works to balance the pendulum instead of using conventional
controllers and investigated the limits of applicability.

2. Applied methods

Using the equations describing the dynamics of the pendu-
lum, I created a software environment for simulating its mo-
tion. | analysed the related literature and chose to implement
feed-forward and recurrent neural networks of different sizes
and structures, and applied the Deep Q-learning algorithm, be-
cause | found it interesting that this simultaneously models the
functioning of the brain and the learning patterns used by hu-
mans in childhood.

Reward r
Agent policy Environment
DNN mTo(s, a)
state Take action a
S o
parameter 6
Observe state s
1. Figure: Deep Q-learning methodology
3. Results

I have found that by increasing the size of the networks,
significant improvements were achieved in terms of learn-
ing capacity, while computational need increased rapidly. |
trained the controllers to balance a 1 m long pendulum and
tested whether the balance is preserved when the length of
the pendulum is reduced. The length-sensitivity test results
can be seen in Figure 2/b, clearly showing that the trained
controller is resistant to length variations. The controllers
trained by any of the networks for the 1m long pendulum,
were able to balance a pendulum shorter than 0.03m.

| also tested the effect of a time delay in the feedback
loop. As shown in Figure 2/a, none of the tested neural net-
works was able to find controller parameters resistant to
time delay. The controllers lost their balancing capacity
above 0.05s delay, while a conventional Proportional-De-
rivative controller is resistant to a delay as high as 0.451s.
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Finally, | determined the maximum initial angle at which
the controller was still able to swing the pendulum back to
its vertical position and hold it there. The results are shown
in Figure 2/c, where a strong correlation can be detected be-
tween the possible maximum initial angle and the complex-
ity of the neural networks. Increasing the number of neurons
in the networks by ten almost doubled the maximum initial
angle range for the feed-forward and quintupled it for the
recurrent neural networks.
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2. Figure: Sensitivity to delay, length and initial angle.
(FFW: feed-forward network, RNN: recurrent network,
where n x m denotes n hidden layers with m neurons)

4. Summary

My work demonstrates the ability of neural networks and
the Deep Q-learning algorithm to find controller parameters for
a specific mechanical system, The robustness of the resulting
controller parameters was also studied and compared to con-
trollers based on conventional system design.
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Kettds inga virtualis egyensulyozasa valtozo gravitacios feltéte-
lekkel

CSUTORAS BARNA
Gépészmérnoki BSc, Gépészeti Fejleszto Specializacio, 2021/2022/11.
Témavezeto: Dr. Insperger Tamas, egyetemi tanar, insperger@mm.bme.hu

1. Bevezetés

Szakdolgozatom f6 célja a kettds inverz inga egyensulyo-
zasa virtualis kdrnyezetben. A kettds inga stabilizdldsa nehéz
feladat, hiszen egy tobbszordsen instabil rendszer, aminek
mozgasat csak az aljan 1évo kiskocsi mozgatasaval tudjuk be-
folyasolni. Nem tudunk koézvetleniil az ingéra hatni. Az egyen-
stilyozasnal nem csak az inga allasat kell figyelni, hanem a ru-
dak sebességét és gyorsuldsat is. Ahhoz, hogy egyensulyozni
tudjuk a rendszert, nagyon sok gyakorlasra van sziikség.
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1. abra. A kettos inverz inga mechanikai modellje

2. Alkalmazott modszerek

Ahhoz, hogy az ingat egyenstlyozni tudjuk, eldszor le kell
vezetni a mozgasegyenletét, megnézni a stabilizalhatdsagat,
hogy ezaltal nagyobb ralatasunk legyen a feladatra. Ezt kove-
tden a program helyes beallitasait kell megtaldlni, amivel a leg-
konnyebb az egyensulyozas. A kettds inverz inganal megad-
hatjuk a rudak hosszat, ezaltal tobb radhossz-arannyal is pro-
balkozhatunk. Ez azért fontos, mert minél rovidebb a felso rud
az alsohoz képest, annal konnyebb egyensulyozni ezt a rend-
szert, igy konnyebben raérezhetiink az inga mozgasara, amig
eljutunk az 1:1 radaranyig.
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Amikor mar sikeriilt az 1:1 aranyt kettds inverz inga
egyensulyozasa, megnéztem, hogyan befolydsolja az id6késés
hozzdadasa az egyensulyozas folyamatat, és a kritikus rad-
hosszt, amivel az ingat még egyensulyozni lehet. Ezt kvetéen
megnéztem a gravitacios gyorsulds nagysaganak hatasat is az
egyensulyozasra.

3. Eredmeények

A probalkozasok soran sikeriilt elsajatitanom a kettds in-
verz inga egyensulyozasat. A kisérletezések soran megallapi-
tottam a kritikus radhosszt az egyes ridardnyokndl, amivel
egyensulyozni lehet az ingat. Ezen kiviil az 1:1 ridaranyt in-
ganal megtalaltam az egyensulyozashoz idealis helyzeteket, il-
letve azokat a mozgasokat, amivel a rudak a kivant pozicioba
keriilnek. Megéllapitottam, hogy a hozzdadott idékésés noveli
a kritikus radhosszt, hiszen ezzel kevesebb idonk lesz a beavat-
kozéasra. Megtalaltam az 6sszefliggést a gravitacid nagysagaval
1s, ami egyenes aranyossagban van a rudak hosszaval.
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2. abra A kritikus rudhossz nagysaga a rudak aranyanak
fiiggvenyeben

4. Osszefoglalas

A kettds inverz inga egyensulyozasa nagyon sok gyakorlast
igényel, hiszen nehéz feladat. Ha megismerjiikk a szerkezet
mozgasat, és azt, hogy milyen kocsimozgéssal merre tudjuk
donteni a rudakat, akkor megoldhatova valik. Ezt kovetden to-
vabbi nehezitéssel is tudtam probalkozni, amivel a hozzaadott
idOkésés hatasarol is informaciokat kaptam.




Kerekitésb6l adédoé hiba becslése digitalisan szabalyozott
mechanikai rendszerek esetében

DEMETER CSABA
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Témavezetd: Dr. Csernak Gabor, egyetemi docens, csernak@mm.bme.hu

1. Bevezetés

A szamitogépek gyors fejlédésének, és emelett a mindenna-
pi életben valo elterjedésének koszonhetGen a mechanikai és
analog elektronikai rendszereket elkezdték felvaltani a digi-
talis rendszerek. Nem tortént ez mésképp a szabalyozés-
technikdban sem. Azonban a szdmos pozitiv hatasa mellett,
néhany 1j kihivassal is szembedllitotta a mérnokoket, ugyan-
is a digitalis szabalyozas soran megjelennek az tigynevezett
digitalis hatasok. Harom f6 digitalis hatast kiilonboztetiink
meg, melyek a kvantalds, a mintavételezés és a szamitasok
elvégzéséhez sziikséges id6.

A kvantalas hatasa alatt azt értjiik, hogy a szabalyozas so-
ran véges pontossaggal tudunk mérni és véges nagysagu sza-
mokkal tudunk szamitasokat végezni. Ennek kovetkeztében
a rendszer kvantalast tartalmazo és kvantalast nem tartal-
mazo6 leképezése kozott valamekkora kiilonbség lesz, amit
kvantalasbol szarmazo hibanak neveziink. A kvantalas saj-
nos nem kozelitheté linearis modellel, ezért a hiba megha-
tarozasahoz valamilyen becslési modszert kell alkalmazunk.
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3q + 3q +
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1. Abra. A kvantalas modellezése soran hasznalt kerekitési
eljarasok

2. Alkalmazott modszerek

A hiba meghatarozédsahoz harom modszert alkalmaztam,
melyek a Bertram-moédszer, a Slaughter-modszer és a Dia-
gonalizacion alapuldé modszer. Ezen metodusok kiilonle-
gessége, hogy kiilonbo6z6 korbol szarmaznak és ezaltal el-
téré szemlélettel kozelitik meg a megoldand6 problémat. A
Bertram- és Slaughter-modszer a szabalyozasi rendszer alap-
jan probal becslést adni, ezzel szemben a Diagonalizacion
alapuld6 modszer a szabalyozott mechanikai rendszer dina-
mikajat veszi az eljaras alapjaul.
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3. Eredmények

Ezeket a modszereket felhasznalva megvizsgaltam kiilonbo-
76 rendszereket, melyekben a mikro-kdosz jelensége tapasz-
talhato. Az 1D mikro-kiosz leképezés esetében a modszerek
azonos becslést adnak, és a szimulacioval kapott eredménye-
ket is jol megkozelitik.
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2. adbra. A kiilonb6z6 modszerekkel kapott eredmények
Osszehasonlitasa a szimulacioval az egydimenzids esetben

Ezzel szemben a kétdimenzios esetben a harom modszer
harom kiilonb6z6 eredményt szolgaltat. A Bertram-modszer
adja a legmagasabb, mikozben a Slaughter-modszer becsii-
li a legalacsonyabb értékeket. Ezzel szemben a szimulacio
alapjan a Diagonalizacion alapulé modszer szolgal a legpon-
tosabb becsléssel a harom modszer koziil.
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3. abra. Az eltéré modszerekkel kapott becslések Gsszeha-
sonlitasa a szimulacioval kapott eredményekkel a 2D esetben

4. Osszefoglalas

Az eltér6 megkozelités ellenére a Bertram-modszer és a
Diagonalizacion alapulé modszer szinte azonos becslésekkel
szolgalt. Ezzel szemben a Slaughter-modszer sajnos nem
bizonyult megfelels eljarasnak.
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Teleszképos autddaru talpalasi problémai rézsik esetén

FRIEDSAM BENCE
Gépészmeérnoki BSc, Gépeészeti Fejleszto Specializacio, 2021/2022/11.
Témavezeto: Dr. Magyar Balint Baldzs, adjunktus, magyar@mm.bme.hu

1. Bevezetés

Ebben a szakdolgozatban a Liebherr LTM 1030-2.1-es, 30
tonna teherbirdsu teleszkopos autddaru talpaldsat vizsgalom.
Az elején cég ismertetdvel kezdem a munkémat, ahol bemuta-
tom a dolgozat témdjanak az eredetét €s a gép hatterét. Ezutan
felvdzolom, hogy a daru talpaiban milyen erdk 1éphetnek fel a
legsz€lsOségesebb esetekben, €s ezeknek hatasait vizsgalom a
talajban. Bemutatom a rézsiiket és a terhelhetdségiiket. Kisza-
molom, hogy mekkora erék 1épnek fel és a végén javaslatot te-
szek a gépre és a rézsi kialakitasara vonatkozdan, hogy a mun-
kavégzés biztonsagos legyen.

1. abra. Liebherr LTM 1030-2.1

2. Alkalmazott modszerek

Elészor kiilonbozd talajok terhelhetdségét mutatom be,
amik a daru kitalpalasanal elengedhetetlen vizsgalat. Ezutan a
természetes rézsiiket definidlom és megmutatom, hogy egy
adott talajszerkezetben milyen modon oszlik el egy test nehéz-
ségi ereje. Ezt kdvetden a statikus részét vizsgalom a talpalas-
nak, vagyis csak a gravitacios térbdl szdrmazo erdt, a legveszé-
lyesebb talpban. Ennek az eloszlasnak a keresztmetszete az
alabbi modon néz ki:

Talp

Talpfa -
Talajszint

2. abra Statikus eroeloszlas
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Ez utan a dinamikus terheléssel foglalkozok, hogy itt mi-
lyen oldal irany1, vizszintes erd Iéphet fel, ami veszélyezteti a
rézstit, ami a daru borulasdhoz vezethet. A daru forgasabol fog
atadodni oldal irdny0 erd, aminek a miikodését ismertetem és
bemutatom ennek a forgd mechanizmusnak a miikodését is.
Mérésekkel és a dinamika alaptételének segitségével megadom
a talpban fellépd erd nagysagat. Végiil elmondom ennek lehet-
séges hatasat.

3. Eredmények

Az eredményeket kiilon részletezem, amiket 6ssze lehet az-
tan vonni, amennyiben mind a két eset fenn all. A statikus ter-
helésbdl szarmazo erdt 1 méter mélységig, egy 45°-0s szog
mentén kell figyelembe venni. A dinamikus erét pedig kisza-
molni ki tudjuk, de ennek a pontos hatdsanak meghatarozasa-
hoz geomechanikai vizsgalatot kéne végezniink, ami rendkiviil
bonyolult folyamat. A legveszélyesebb talpban, a legszélsdse-
gesebb esetben egy = 6 952 N nagysagu erd 1ép fel a forgod-
mozgas szoggyorsulas vektoraval megegyezd iranyban.

4. Osszefoglalas

A végén javaslatokat teszek a gép kezelésére, hogy mindenkép-
pen keriilni kell a dinamikus mozgasokat a daruval, valamint a
rézsi kialakitasara is, hogy érdemes meghorgonyozni a rézsiit,
vagy rézsu helyett beton tamfalat alkalmazni, ami nem engedi
a talaj megfolydsat. Ezen kiviil bemutatom a Liebherr altal
nyujtott megoldast, a talptanyérba helyezett talpcsapagyat, ami
csillapitja a fellépd vizszintes erdket.

3. abra Talpcsapadgy
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Navigation on see based on the wave pattern

PETER HORNUNG
Mechatronics Engineer BSc, Specialisation in Mechanical Engineering Modelling, 2021/2022/11.
Supervisor: Dr. Gabor Cserndk, associate professor, csernak@mm.bme.hu

1. Introduction

Maritime navigation has always played an important role
in the life of mankind. Whether it is for the transport of goods
by sea, for long-distance travel, or even for exploration and
war, it has always been important to define the position accu-
rately. My thesis dealt with the description of water surface
waves, which are described by linear wave theory. The wave
propagation at sea was investigated, with particular emphasis
on wave transformations. The effects of waves on a ship pass-
Ing a certain obstacle (island, reef, etc.) at sea were discussed.
The different accelerations of the ship were determined.

2. Applied methods

Waveforms under different conditions were studied using
the finite element method. In particular, the phenomenon of
wave transformation around an island was of interest. As input
parameters, the diameter and height of the island were varied.
For simulations of multiple islands, the direction of the incom-
ing waves was changed. As a result of the transient simulation,
the wave amplitude could be determined for all time steps at all
points in the domain under investigation.

Mesh Module Sea Surface Elevation Mesh Module Function Sea Surface Elevation
—_—24 -21
16 - 16

Figure 1: Waveforms around a circular island

After the simulation, the motions of a boat were examined
as it passed the island. It was assumed that the boat is small
compared to the wavelength and moves together with the
waves. Using MATLAB, the accelerations along the three de-
grees of freedom (heave, roll, pitch) of the boat could be calcu-
lated. The investigation was divided into three groups: when
the boat runs parallel to the waves, when it runs perpendicular
to the waves and when it runs at an angle. Within each group,
several paths were examined, at different distances from the is-
land.

To determine the variation in acceleration, each path was
divided into smaller sections and the average acceleration and
standard deviation for each section was taken.
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Further analysis of the excitations acting on the ship via
Fourier transform was used to reveal the changes of the excita-
tion in the frequency domain. The change in amplitude of the
dominant peak as a function of distance from the island was
observed.
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Figure 2: Pitch acceleration of the ship as it moves parallel to the waves
on a path close to the island

3. Results

The accelerations along each route showed a different pic-
ture. What they had in common, however, was that a sudden
change (spike, drop) occurs near the island. This gives an in-
dication of where the boat is in relation to the island. The cal-
culated accelerations and their corresponding standard devia-
tions were very small due to various limitations. However,
these accelerations could already be measured in real life with
sufficiently sensitive accelerometers.
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Figure 3: Standard deviation of the ship’s roll acceleration as the ship
moves along several paths perpendicular to the waves

4. Summary

In this thesis an overview was given of how the change in
acceleration due to wave transitions can be used to infer where
a ship is at sea. The methods presented provide an opportunity
for further investigations in the future.
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Investigating human driver dynamics in traffic utilising
physics-informed machine learning

Axos TAMAS KOPECZI-BOCZ
Mechanical Engineering Modelling MSc, Major in Solid Mechanics, 2021,/2022/11.

Supervisor: Dr. Dénes Takacs, associate professor, takacs@mm.bme.hu
Advisor: Dr. Henrik Sykora, Research Associate (HWU), sykora@mm.bme.hu

1 Introduction

Understanding phenomena that occur in traffic is an impor-
tant area in order to be able to improve the flow of traffic
and solve problems. Human driving behaviour has many
undesirable and many useful qualities. In order to better
understand these processes, it is necessary to describe hu-
man behaviour. Physics-informed machine learning, as a
newly emerging field, can help us learn about these pro-

cesses based on measurement data.
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Figure 1: Propagation of a traffic wave in real life

2 Applied methods

The main methods we experimented with were universal
differential equations based on universal approximators and
parameter fitting methods related to them for small and
large parameter spaces. In addition, we also examined the
possibilities based on Sparse Identification of Nonlinear Dy-
namics (SINDy). To model the traffic flow, we started with
the models used in the literature. The primary model we
used to describe the participants in the traffic was the op-
timal velocity model (OVM) with time delay. We tried to
eliminate the challenges caused by the time delay by iter-
ating through different delay values and we tried to extract
the time delay with a first-order dynamic system.

3 Results

Based on the fitted results, it can be said that the optimal
velocity model is not suitable for describing the behaviour
of traffic participants. Based on the work carried out, how-
ever, it can be concluded that drivers prefer to drive with
a speed matching behaviour in heavy traffic. Furthermore,
based on the performed fittings, it seemed that the first-
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order dynamic system is sufficiently suitable for modelling
the delay. Based on these results, we created a new model
which gives the ideal acceleration depending on the speed
difference between the two vehicles. The relationship be-
tween speed difference and acceleration was unknown, for
which we applied a universal approximator. After fitting on
the measurement data we obtained a function that was con-

sistent in nature. The fitted functions are shown in Figure
2.
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Figure 2: Velocity policy function based on measurement
data for different vehicles

We constructed a simpler function to describe this shape
with 4 tunable parameters and fitted it to the measurements.
This way we were able to obtain a consistent and physi-
cally meaningful distribution of parameters meaning that
this model is suitable for describing the behaviour of hu-
mans in these heavy traffic cases.

4  Summary

During the final project, we investigated the applicability
of existing models and based on the conclusions we created
a new model, which is suitable for describing traffic par-
ticipants in heavy traffic. Overall, it can be said that the
application of this found model is not universal, because al-
though it works well in the observed situations, it does not
take into account the distance between the vehicles. How-
ever, with the help of the applied methods, in the future, we
can also look for models that use the distance difference in
addition to the speed difference to correct the speed. Over-
all, the investigated methods proved to be useful for discov-
ering underlying dynamics based on real life measurements.




Machine learning prediction of wave generation in a numerical
wave tank

MATE STANCSICS
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1. Introduction

The research about ocean power presents several chal-
lenges. The simulation of wave phenomena can be performed
using numerical wave tanks (NWTs). However, calibrating
them properly is complicated and time-consuming. The goal of
this thesis was to provide more efficient, alternative ways for
numerical wavemaker calibration using machine learning. The
topic was introduced with two simpler mass-spring-damper
systems. After that the algorithms were utilized to determine
the wavemaker input in order to obtain a predefined surface el-
evation series in a NWT.

Probe

Absorption Zone
Absorption Zone

Figure 1: Layout of a general CFD-based NWT

2. Applied methods

First, some statistical metrics were introduced which were
representative for the obtained data, thus making it possible to
compare the different models.

The used machine learning models were the ARX and
NARMAX. Both are autoregressive models with exogenous in-
put, but the first one is linear and the second one is nonlinear.
The problem was divided into two parts: direct and inverse. In
the case of the NWT, the direct problem was to predict the sur-
face elevation depending on a given input, and the inverse
problem was to determine the required wavemaker input in or-
der to obtain a predefined wave series at a given location of the
NWT.

The machine learning algorithms were implemented in Py-
thon using the GEKKO and SysldentPy libraries. During the
process, the generation and analysis of the data and the
downsampling procedure were presented. The stationarity and
long-range dependence properties of the data were investi-
gated.

To find the optimal settings for the models and obtain the
best results possible, the algorithms were tested in a wide range
of different parameters and the results were compared. In Fig-
ure 2 the calibration process of the NARMAX model can be
seen.
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Figure 2: Calibration procedure of the NARMAX model

3. Results

The used machine learning algorithms were able to solve
the problem of predicting the required wavemaker input in an
NWT. Regarding the inverse problem, both the ARX and
NARMAX produced accurate results. In Figure 3 a small sec-
tion of the predicted wavemaker input can be seen with the de-
sired wave series on the top.
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Figure 3: Predicted input of the numerical wavemaker
with the NARMAX model

4. Summary

Using machine learning algorithms, the required input of a
numerical wavemaker was successfully predicted; however,
the approach had certain limitations in terms of the frequency
range and complexity of the desired wave series. This suggests
that future research should focus on the creation of a general
model.




Improving wave generation in CFD-based numerical wave
tank using machine learning

IRFAN UL HASSAN
Mechanical Engineering Modelling MSc, Major in Solid Mechanics, 2021,/2022/11.
Supervisor: Dr. Habib Giuseppe, assistant professor, habib@mm.bme.hu

1 Introduction

Numerical wave tanks (NW'Ts) are playing a significant role
in ocean engineering and energy wave industries. NW'Ts
are used to generate water waves in a controlled manner
for modelling of other marine and coastal related phenom-
ena. One of the ways of producing waves in NW'T, imple-
mented in OpenFOAM, is using the impulse source wave-
maker method. The iterative approach of running many
CFD simulations for achieving the desired surface wave-
elevation using different wavemaker inputs is computation-
ally intensive. Such type of problems where the effect (free
surface waves) is known and cause (wavemaker input) is to
be determined are termed as inverse problems. Such a prob-
lem is unsolvable in OpenFOAM with its current setup.

2 Applied methods

Data-driven system identification techniques are used to
identify models mapping the nonlinear relationship between
the desired surface wave-elevation and the required force
amplitude. Data generated for different inputs from CFD
simulations is used to train and validate the black-box mod-
els e.g. Autoregressive with Exogenous Inputs (ARX).

0.02 T T T T T

Surface Wave Elevation [m]

0 20 40 60 80 100 120
Discrete Time Steps [s]

Figure 1: The first dataset is used for training the model
and the rest for validation. The delay in all signals is be-
cause waves take some time to reach to the probe in NWT

ARX time series model is a linear representation of a dy-
namic system in discrete time and is described by:

y(t) = iazy(t—z +Zbu (t —mng—1) (1)
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where y(t) and g(¢) are the target and predicted output vari-
ables, respectively; u(t) is the network’s input variable; n,
and n, are the input and output lags; ng is the time delay.

3 Results

ARX was trained for an input of medium sized amplitude,
and validated over three datasets with different amplitude
ranges. Nonlinear models such as Hammerstein-Wiener
model, Output Error model and Neural Networks were also
investigated. The obtained results showed that the ARX
method is the most convenient in virtue of its lower com-
plexity, higher accuracy and shorter model training dura-
tion.

Impulse Wavemaker Input [N]
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Figure 2: The figure shows the comparison of ARX response
and actual impulse during training (first plot) and valida-
tion (last three plots).

4 Summary

The unknown relationship between the free surface waves
and wavemaker input was mapped using data-driven system
identification methods. It was demonstrated that ARX, if
trained for an input of medium sized amplitude, can vali-
date satisfactorily over the data having amplitude variation
of almost 10 times the amplitude of the training dataset
both in forward and inverse NWT problems. Another ad-
vantage of the ARX model over classical Neural Networks is
the lesser amount of training data required and the shorter
model training duration.
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Examination of radar micro-Doppler effect with the simulation

of the scattered electromagnetic wave
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1. Introduction

Modern radar systems rely more and more on the use of the
micro-Doppler effect for the classification of objects. This ef-
fect is caused by the relative motion of the different parts of the
detected object (e.g. the rotating blades of a helicopter). By
conventional transient electromagnetic field calculation meth-
ods, the simulation of micro-Doppler effect is impractical. Re-
search papers on the matter are based on real measurements or
on very approximate simulation method. The goal of my thesis
Is to develop a method based on electromagnetic field calcula-
tion with which one can obtain the micro-Doppler signature of
a 2D target. In addition, it is aimed to determine which factors
have to be considered when one wishes to utilize the micro-
Doppler signature of a real target.

2. Applied methods

In my thesis | derive an original method to simulate the re-
ceived radar signal from a 2D metallic object. The method is
based on FEM and on the assumption that at any point in time
the EM-field around the observed object can be approximated
with the field around a stationary object with the same geomet-
ric parameters. | calculate the sinusoidal steady state value of
the received signal at regular intervals and use linear interpola-
tion between observations.

| compare the above method with the "Point scatterers
method" used in research papers on the topic. This method rep-
resents the observed object with a set of point scatterers and
calculates the received signal as the sum of the received signals
from the point scatterers as if they were the only ones. In most
cases these assumptions are quite approximate.

In all cases | visualise the micro-Doppler signatures using
a time-frequency-amplitude diagram which | obtain from the
received signal using short-time Fourier transformation.

3. Results

If there are multiple objects with cylindrical cross sections,
and the distance between these objects is far greater than their
diameter, then the only important factor in the formation of the
micro-Doppler signature is the speed of the objects parallel to
the radar’s line of sight. If the objects are closer to each other,
additional artifacts can occur, and so the relative motion of the
bodies also has to be taken into account.
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1. Figure: Example for the micro-Doppler signature of objects
with circular cross sections far from each other
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2. Figure: Example for the micro-Doppler signature of objects
with circular cross sections close to each other
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A continuous object like one with a line-like cross section
can be represented effectively with a set of point scatterers, if
the distance between neighbouring points is smaller than half

of the wavelength of the used radar.
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3. Figure: Example for the micro-Doppler signature of a single
object with line like cross section

In case of more complicated objects, where regions of the
object can be shadowed by other regions representation with
point scatterers is no longer adequate. For example, in case of

a rotating triangle.
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4. Figure Example for the micro-Doppler signature of an ob-
ject with more complicated cross sectional geometry
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Figgdhid feszlltséganalizise lancgorbe és rugalmaskotél mo-
dellel

VARSANYI ANDRAS
Gépészmeérnoki BSc, Gépeészeti Fejleszto Specializacio, 2021/2022/1.
Témavezet6: Dr. Kovacs Adam, egyetemi docens, adamo@mm.bme.hu

1. Bevezetés

A dolgozat els6 fele a szakirodalmi attekintés, ahol tobbek
kozott a fiiggbhidak tervezésének szempontjait, és hatranya-
inak kikiiszobolését mutatom be.

PYLON OR TOWER

BACKSTAY L .
RSN CABLE —. ;

A

™ S1IFFENING
TRUSS OF GIRDER
L ANCHOR SPaN ke MAITN E‘.F.ﬁ.rq:_i ] ~ANC)

1. abra: Fiiggohid elemei

Ezutan kidolgozom a lancgdrbe €s rugalmas kotél model-
leket. A két analitikus modell, illetve egy végeselem program
segitségével meghatdrozom a tartokabelben ¢bredd axidlis fe-
sziiltségeket. A célom az volt, hogy meghatarozzam, hogy a
kiilonb6z6 modszerekkel kapott fesziiltségeloszlasok mennyire
térnek el.

2. Alkalmazott modszerek

A tartokdbelben ébredd fesziiltségek meghatdrozasara az
els6 mddszer a lancgdrbe modell. Ez az egyszerli modell merev
testént kezeli a kabelt, és az 6sszes terhelést megoszlo erdkkel
veszi figyelembe.

A kovetkezd a rugalmas kotél modell, ami mar alakvalto-
zasokat is figyelembe vesz. A hasznalt jelolések a 2. dbran l4t-
hatoak.

A BTVBh
g—'B .
B Va 7/
—hp . //
% ) Cabl :
S yoo S
/
o v v
| q\ij s s = <Deﬂec?ed
X P Position
a s h!
R P 9 '
V4Ll W
qq Girder
et .

Q L _KDeflected Position

2. abra: A kabel és a gerenda a rugalmas modellben hasz-

nalt jelolésekkel
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A modell megoldasahoz két egyenletet kell megoldani. (1)
a kabel megnyulasaira vonatkozik, (2) pedig a kabel €s a ge-
renda alakvaltozasai kozott teremt kapcsolatot.

L (1)
he —h, = etl, + 21 f(dvdy)d
B~ 4= Ethe AE ¢ dx dx x
0

d?v x
Elw_Hv:Hy_MA_(MB_MA)Z

2)

L
—xf(p+W)L(L_a)da
+f('p+w)(x—a)da

A két egyenletbdl meghatarozhatd H axialis erd, amibol
adodik az axidlis fesziiltség is.

Végiil a numerikus megoldas SkyCiv programban ké-
sziilt. A numerikus megoldas elénye, hogy nem kell pontosan
ismerni a tartokabel alakjat, hanem elég a hosszat becsiilni.

3. Eredmények

A két analitikus megoldas kozel ugyanazt az eredményt
adta, ami azt jelenti, hogy nincs akkora alakvaltozas, ami a fe-
szlltségeket jelentdsen befolydsolnd. Az analitikus €s a véges-
elemes megoldasokkal kapott fesziiltségeloszlasok Osszeha-
sonlitdsa a 3. abran lathat6. A fesziltségek 1,72-2,58 %-ban
térnek el.

6Gax [Pa]

3. abra: Kék szinnel a fesziiltségeloszlas az analitikus
modellek szerint, piros szinnel a fesziiltségeloszlas a ve-
geselem modell szerint
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