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A. Zhodnoceni vyznamu disertacni prace pro obor

Podle dat za rok 2021 se fidi¢i moped( a motocykll podileli z 19 % na celkovém poétu fatalit na
silnicich v Evropské unii, pficemz jejich podil na dopravnim vykonu by vyrazné nizsi, pohyboval se
okolo 2 % Elovéko-kilometr(i realizovanych na silnicich. Nejen z tohoto divodu je nutné se cilené a
systematicky bezpeénosti uZivatelll mopedd a motocykl( vénovat. A pravé prostfedky pasivni
bezpeénost, tedy prostfedky pro sniZeni zévaZnosti jejich zranéni, jsou pro tuto skupinu zranitelnych
Gcéastnika silniéniho provozu velmi dileZité. PfedloZena disertacni prace vyrazné pfispiva

k prohloubeni znalosti v oblasti pasivni bezpecnosti jednostopych vozidel s navaznosti na vyuZiti
vhodného modelu &lovéka pro posuzovani nehod jednostopych motorovych vozidel. Jeji vysledky
umoziuji zlepsit predikci poranéni pfi nehodach motocykll a mopedd, coZ Ize povaZovat vzhledem
ke sloZitosti déjl v pribéhu nehody za velice pfinosné.

B. Vyjadreni k postupu feSeni problému, pouzitym metodam a splnéni

uréeného cile

Autor si v praci na konci prvni kapitoly stanovil nasledujici cile, ktery Ize po dekédovani zkratek
preloZit takto:

1) Statistickd analyza databaze nehod s cilem ziskat makroskopické realistické podminky narazu a
nejcastéjsi konfigurace nehod;

2} Modelovani zjednodusené pfilby a jeji propojeni s modely lidského téla;
a) Validace pfrilby na zakladé normy;

3) Vytvofeni numerického modelu nehod jednostopého motorového vozidla ve vice scénafich v
plném méfitku;
a) Vytvoreni a validace numerického modelu jednostopého motorového vozidla;
b) Propojeni modelu lidského téla, motocyklu a osobnich ochrannych pomiicek;
c) Zjednoduseni modelu partnerského vozidla;

4) Rekonstrukce skuteénych pfipadl zahrnujicich jednostopé motorové vozidlo, partnerské vozidlo
a fidice;

5) Simulace nejbéinéjsich nehod jednostopého motorového vozidla s partnerskym vozidlem s
hodnocenim kritérii zranéni.




Cel4 prace je koncipovéana pomérné netradi¢né, sestava se ze Ctyf blokd, pfiemz se kazdy vénuje
jednomu podtématu a obsahuje svij vlastni stav pozndni, metody, vlastni vysledky autora a ¢asto i
zaver.

Kapitola 2 se vénuje cili 1. Autor v ni shrnuje dostupné databaze a analyzuje data z databaze MAIDS.

Kapitola 3 se vénuje nahradam &lovéka a kritérii pro hodnoceni zavaznosti poranéni a
biomechanickym kritériim. Nékteré ¢asti by bylo moZno rozsifit, napf. v Kapitole 3 neni zmifiovan
model Hans od Dynamore ani modely, které jsou k dispozici v simulacnim baliku MADYMO, coZ
prehled model(i lidského t&la nedéla ucelenym. Navic, vyse uvedeny model lidského téla v MADYMO
je zmifiovan v sekci 5 na strané 82.

Piekvapivé neni v sekci 3.2.2. zmifiovéno zakladni 3 ms kritérium, i kdyz se s jeho jistou podobou
operuje v Kapitole 6. Takté? chybi v této sekci i zminka o Head Performace Criterion (HPC)
pouZivaném napf. v pfedpisech EHK OSN (UN ECE).

Kapitola 3 v sekci 3.3 predstavuje model lidského téla Virthuman a jeho spojeni s modelem ochranné
pfilby pro motocyklisty. Model pfilby samotné je pak pfedstaven a validovédn v Kapitole 4, ktera se
vénuje testovani opatfenim ke sniZeni zranéni. Tim je spInén cil ¢islo 2 potazmo 2a.

Kapitola 5 se zabyva rekonstrukci dopravnich nehod a specifiky rekonstrukce pro jednostopd
motorova vozidla. Autor v ni pfedstavuje model jednostopého motorového vozidla (cil 3a),
zjednoduieni model partnerského vozidla Chrysler Neon (cil 3c) a v Sekci 5.2.3 kratce zmiriuje jejich
propojeni s modelem lidského t&la Virthuman (cil 3b). Autor néasledné v Sekci 5.3 pojmenované
,Results” pfedstavuje rekonstrukci tfi nehod jednostopého a dvoustopého motorového vozidla, ¢imz
spliuje cil 4.

Cil 5 je pak splnén v Kapitole 6, ve které autor provadi simulace standardizovanych nehod
jednostopych motorovych vozidel a na vysledky aplikuje hodnotici kritéria.

Kapitola 7 praci uzavird. Podobny pfehled mapovani cilt prace a kapitol nabizi autor v Sekci 7.1.
Prekvapivé obsahuje prace jeté velice krdtkou Kapitolu 8, kterd Etenafi predstavuje oteviené
problémy. Dle nazoru oponenta by postacovalo, aby se tato kapitola pfesunula jako sekce do
Kapitoly 7.

Z vy$e uvedeného Ize jednoznaéné konstatovat, Ze autor cile, které si v disertacni praci predsevzal,
zcela splnil.

C. Stanovisko k vysledkdim disertacni prace a k pdvodnimu

konkrétnimu pfinosu predkladatele disertacni prace

U technickych praci, ve ktery se na vzniku vysledku podili cely tym autord nebyva jednoduché
exaktn& uréit vlastni p¥inos autora rozifujici souéasny stav pozndni. V tomto pfipadé Ize na zakladé
predloZené prace i vlastni autorovy publikaéni éinnosti jednoznacné identifikovat vyrazny vlastni
pfinos autora, ktery dle ndzoru oponenta pfevysuje pozadavky na disertaéni prace.

Hlavnim pfinosem pfedloZené disertaéni préce je z pohledu oponenta metodika vyuZiti modelu
lidského téla Virthuman pro simulace nehod jednostopych motorovych vozidel. Aplikace tohoto
modelu k analyze dopravnich nehod s Géasti uZivatele jednostopého vozidla umozZiiuje detailnéjsi
moznosti v porovnani jak s fyzickymi experimenty, tak i virtudlnimi metodami zaloZzenymi napf. na

v praci zmifiovaném antropomorfnim testovacim zafizeni (ATD) pro motocykly zvaném MATD. Velkou
vyhodou je taktéZ moznost efektivniho vyuZiti modelu Virthuman pro riizné vékové a



PredloZena prace spliiuje poZadavky na disertacni praci. Oponent praci doporucuje k obhajobé.

Oponent by rad poloZil nasledujici otazky:

15
2.

Why do you not consider fatality an injury severity level (as mentioned in Chapter 1)?

The conclusions regarding the correlation of the rider age to the motorcycle category
mentioned on the page 31 are quite obvious (e.g. that L1 riders are younger than L3 riders).
Could the author comment on the driving licences and minimum allowed rider ages in
relation to Figs 2.1. and 2.2? Focus on the category A of driving licences (e.g. AM, Al, A2 and
A in the countries in the MAIDS study) in relation to the possible categories. Furthermore,
please keep the frequency on the same scale as the y-axis and add the corresponding units.
Could you please explain more in detail the content and role of Table 7.1 at the end of your
thesis?

The accident reconstructions as well the standardises crash configurations presented in the
thesis include the “driver-only” configuration. How should the proposed methodology be
applied to a motorcycle with two persons?

What modifications should be made in order to apply the proposed methods also to the
passive safety of cyclists?

Datum: 01.01.2024

Ondrej Vaculin




antropometrické skupiny uZivatell. Déle je v praci dokumentovano porovnani modelu Virthuman
s komplexnim modelem lidského téla THUMS i redukce modelu dvoustopého vozidla.

D. Vyjadreni k systematice, prehlednosti, formalni Upravé a jazykové

Urovni disertacni prace

Rozdéleni disertaéni prace do vy$e zminovanych ¢tyf bloka prispiva k jeji prehlednosti. V kazdém
bloku pak autor popisuje danou problematiku zplisobem, ktery potvrzuje jeho vynikajici znalosti

v danych oblastech.

Formalni tprava prace bohuZel neodpovida jeji vysoké odborné kvalité. Je skoda, Ze autor
nevénoval po sepsani prace nékolik malo hodin navic, aby praci doladil i po formalni strance. V praci
zUstaly jak drobné vady na krase napf. v podobé nekonsistentniho pojmenovavani obrazkd, tak i
vyraznéjsi chyba spodivajici v tom, Ze na nékteré obrazky nebo tabulky neni odkazovano v textu
(napf. Obr. 3.20, 3.21, ale i Tab 7.1).

Celé formatovani prace ma jisté nedostatky, pfedevsim by oponent ofekéval, Ze kazda z kapitol zacne
alesponfl na nové strance a v textu nebudou velké mezery (napf. str. 49, 54, 61) zplsobené ,¢ekanim”
na obrazky. Dale by mél auto eliminovat mista, kde se dva nadpisy nachdzeni pod sebou, napf. 3.1 a
3.1.1 na str 14.

Dile Ize za formalni chybu povaZovat i netplny a nepfesny seznam zkratek. Rada zkratek v ném neni
uvedena (napf. velice éasto uZivana zkratka VH pro Virthuman), coZ vede k horsi srozumitelnosti
prace daného rozsahu. Co se pfesnosti tyCe, napf. pokud ma autor pod sebou v seznamu zkratek ECE
22.05 a ECE R, je zfejmé, Ze auto ma na mysli zkratky UN ECE R a UN ECE R 22.05 (pfedpisy EHK OSN).
V zavéru na str. 165 autor zmifiuje ,HS”. Oponentovi se nepodafilo dohledat, co touto zkratkou autor
vyjadfuje. Na druhou stranu se napf. pouZiti zkratky RB uvedené v seznamu zbéZnymi metodami
oponentovi nepodafilo dohledat.

TaktéZ oznacovani kategorii vozidel L1 nebo L2 bez vysvétleni nedavé pro étenafe méné
seznameného s kategoriemi vozidel smysl.

Uvadét rozméry a hmotnosti v palcich a librach je pro stfedoevropskou disertaci ne zcela obvyklé,
zejména v pfipadé jednoduché moZnosti pfevodu jednotek do soustavy Sl (str. 17 vs. str. 19).

TaktéZ se autorovi ne zcela zdafilo Cislovani rovnic na strané 135 a 138. Autor pouZiva jiného zpGsobu
(dfive bylo pouZito dvoulroviiové Cislovani, napf¥. rovnice (3.1) na str 33) a navic prace obsahuje na
uvedenych strandch dvé rovnice (5).

V pfipadé, Ze autor bude praci vydavat kniZzné povaZuje oponent za nezbytné formalni Groven
vyznamné zlepsit. Oponent mu rad poskytne svoje poznamky, které je nutno povaZovat za nelplné.

E. Vyjadreni k publikacim studenta

Seznam vlastnich publikaci studenta uvedeny v kapitole 10 je lctyhodny. Student se podilel na
vzniku 44 védeckych publikaci, z €éehoz u 18 publikaci je uveden jako prvni autor, coZ Ize povaZovat
za vysoce nadprimérny pocet. BohuZel se oponentovi nepodafilo identifikovat, podle jakého klice je
shirka vlastni literatury fazena.

F. JednoznacCné vyjadreni oponenta, zda doporucuje Ci nedoporucuje

disertaCni préaci k obhajobé.
Oponent pres nékteré drobné nedostatky povaZuje praci za aktualni a nesmirné ptinosnou.
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Expert Opinion
Doctoral thesis in the branch “Applied Mechanics™
Application of Human Body Models in Motorcycle Passive Safety
Author: M. Sc., Eng. Tomasz Bonkowski
Supervisor: doc. Ing. Ludék Hynéik, Ph.D.
Specialist supervisor: doc. Ing. Michal Hajzman, Ph.D.

The presented doctoral thesis deals with the application of the scalable hybrid human body
model for the improvement of motorcyclists' passive safety. At the beginning of the work, it is
formulated the core problem statement. The thesis contains several interconnected topics:
accident statistics, human surrogates, injury countermeasures testing, accident reconstruction, and
full-scale crash tests.

The thesis consists of eight chapters and an appendix (simplified neon validation). The thesis
and its supplements are written in English.

In Chapter 1 — “Introduction” — of the thesis, the contents of the thesis are briefly presented
and the motivation and its goals are given.

The thesis goals are:

1. Statistical analysis of the accident database to obtain macroscopic realistic impact conditions
and most common accident configurations;

Modelling of a simplified helmet and coupling with the multibody human model;
Creation of full-scale multi-scenario powered two-wheeler numerical accident model;
Reconstruction of real cases involving powered two-wheelers, opposite vehicle, and driver;

v e

Simulation of most commonly powered two-wheeler — opposite vehicle accidents with injury
criteria assessment.

At the end of the chapter, it is stated that based on the stated goals, the main contribution of
the work to the scientific field should be a framework for virtual testing methodology to improve
the safety of motorcyclists.

Chapter 2 “Accident Statistics” is focused on researching data contained in databases focused
on power two-wheeler accidents (HURT Report, CARE Database, GIDAS, and MAIDS). More
attention is paid to the data contained in the MAIDS database.

Chapter 3 “Human Surrogate” is again a literature review. It deals with surrogates for the
human body used in biomechanical research to simulate human responses in various scenarios.
These surrogates include numerical models of the human body, anthropometric testing devices,
volunteer testing, and cadaver testing. The chapter also deals with injury metrics and the
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Virthuman model (a scalable hybrid human body model developed previously in-house and
subsequently incorporated in the ESI Virtual Performance Solution software package).

The beginning of Chapter 4 “Injury countermeasures testing”, like the previous chapters, has a
literature review character. In the next part of this chapter, the author created a simplified helmet
model based on the finite element method and then, after implementing it into the Virthuman
human body model, used it for numerical testing according to European regulations.

The beginning of Chapter 5 “Accident Reconstruction” has a literature review character. In the
next part of the chapter, computational reconstructions of three different documented accidents of
a powered two-wheeler with a passenger car are performed. Data on documented accidents were
drawn from the In-SAFE database (2 accidents) and from the database of the Ludwig Maximilian
University of Munich (1 accident), which contain a considerable amount of detail for each
documented accident. For the reconstruction of each of the listed accidents, it was necessary to
adapt the dimensions of the Virthuman model, to adapt the helmet model to it, to create a
simplified model of the opposite vehicle (passenger car), and to create a powered two-wheeler
model. All models, based on the finite element method, had to match the data documented in real
accidents.

Chapter 6 “Full-scale crash tests” begins again with a review of literature. ISO 13232 standard
“Motorcycles — Test and analysis procedures for research evaluation of rider crash protective
devices fitted to motorcycles™ is then presented. For each ISO 13232 crash configuration, a
motorcycle driver model (represented by Virthuman) with a helmet placed on the motorcycle
model was built in the ESI Virtual Performance Solution (VPS) software. Crash simulations were
performed until the highest possible injury criterion was reached. Furthermore, a parametric
study specifically investigating the influence of rider stature on injury outcomes is carried out.

The presented work is summarized in the thesis conclusion (Chapter 7). It is stated: "In
summation, this dissertation presents a comprehensive exploration into the intricate realm of
impact biomechanics, human body modelling, and the imperative considerations surrounding the
passive safety of powered two-wheeler drivers.” In this chapter, it is also declared (and
substantiated) that all the stated objectives of the doctoral thesis have been met.

Further continuations of works related to the works presented in the thesis are briefly
presented in Chapter 8 “Future Research”.

In the supplement (“Appendix 1 — Simplified Neon Validation™) the validation of the
simplified car model used in simulations as an opposite vehicle is declared.

The importance of a dissertation for a scientific field. The significance of the dissertation
for the field of passive safety of powered two-wheeler drivers is in the simulations of various
types of motorcycle and passenger car accidents. Reconstructions of three traffic accidents and all
full-scale crash tests according to the ISO 13232 standard were modeled very precisely. The
results of the simulations, especially the acceleration time histories, are useful for evaluating the
seriousness of the motorcycle driver's injuries in simulated crash accidents.

A statement on the procedure for solving the problem, the methods used, and the
fulfillment of the specified goal. The procedure to solve the problem was systematic. Records of
traffic accidents and crash tests according to the ISO 13232 standard were thoroughly analyzed.
Based on them, corresponding computer models were created very precisely and simulations of
investigated traffic accidents were carried out with them. Regarding the methods used... This is a
very high-quality approach to modeling in professional software based on the finite element
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method. This is sophisticated engineering work rather than scientific work. As regards the
fulfillment of the specified objectives (i.e. the stated objectives 1 to 5), they were achieved.

Opinion on the results of the dissertation and on the original concrete contribution of the
submitter of the dissertation. As it was already stated, the results of the simulations, especially
the acceleration time histories, are useful for evaluating the seriousness of the motorcycle driver's
injuries in simulated crash accidents. The original contribution of the author of the dissertation is
in the creation of a simplified FEM model of the helmet and in the very careful creation of
precise models of real traffic accidents and crash tests according to the 1SO 13232 standard.

Statement on the systematicity, clarity, formal arrangement, and language level of the
dissertation. The dissertation is very comprehensive. Some parts even give the impression of an
encyclopedia. It is systematic, formal and the language level is very good (sometimes small
typos). Overall, the work is clear, but sometimes it is necessary to examine what is the
contribution of the author and what knowledge is taken from elsewhere.

Statement on student publications. The student's publication activity is at a very good level,
it is extensive (a total of 43 publications). These are mainly conference papers. 9 publications are
listed in WoS (of which 4 with an impact factor, H-index 2), and 29 publications are listed in the
Scopus database (H-index 4). He is listed as the first author of 17 publications. In addition, the
student is the author of one PCT patent.

There are two supplementary queries for the author as follows:

1. How did you fit the helmet model to the size of the Virthuman head and how was it attached
to the head? '

2. On what basis did you choose simulated traffic accidents?

By writing the thesis the author proved to have a good professional knowledge that extends
knowledge in the fields of computer modeling and biomechanics. I recommend accepting the
dissertation for defense.

Plzefi, February 8, 2024
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