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Il. HODNOCENT JEDNOTLIVYCH KRITERI{

Zadani naroénéjsi
Hodnoceni ndrocnosti zaddni zdvérecné préce.

Vy$5i ndrocnost zadané prace spofivala ve velkém mnoistvi tethnnlogif, které bylo tfeba prb OspéEhé vaé§en|' zadaného
ukolu zvladnout (napf. znalostni modelovdni, automatické pldnovéni, fizeni robotd, ndvrh a viroba robotickych chapadel).

Splnéni zadani splnéno

Posudte, zda pfedloZend zdvéreind prdce spliiuje zoddni. V komentdFi pFipadné uvedte body zaddni, které neb vly zcelo
spinény, nebo zda je prdce oproti zaddni rozéifena. Nebylo-li zadéni zcela spinéno, pokuste se posoudit zdvazn ost, dopady o
pfipadné i pFiciny jednotlivych nedostatkd. _

Student pIné splnil zadany tkol. Dokonce nad ramec ptivodniho zadani navrhl a implementoval metodu pro automatické
planovéni sekvenci vyrobnich krokd s vyufitim PDDL formatu.

Aktivita a samostatnost pfi zpracovani prace A -vyborné
Posudte, zda byl student béhem Feseni aktivni, zda dodrZoval dohodnuté terminy, jestli své feseni pribéZné konzultoval o
zda byl na konzultace dostatecné pfipraven. Posudte schopnost studenta somostatné tvirci prdce.

Vojtéch pracoval samostatné a na nade konzultaéni schiizky p—Fiché;eI naprosto spolehlivé, dobfe pFipré-\)en\'/ as hOV\,'rmi
napady.

Odborna droven A - vyborné

Posudte troveri odbornosti zdvérecné prdce, vyuZiti znolosti ziskanych studiem a z odborné literatury, vyuZiti podkladi o
dat ziskanych z praxe. e
Vojt&ch prokdzal schopnost rychle nastudovat a zvladnout nové technologie, které ve své praci efektivné vyuzil. Zejména
se jedna zvlddnuti ovlddani robota Kuka LBR iiwa, 3D tiskérny Stratasys, sémantické modelovan( a automatické pldnovini.

Formadlni a jazykova urovef, rozsah prace B - velmi dobfe

Posudte sprdvnost pouzivdni formélnich zdpisi obsaZenych v préci. Posudte typografickou a Jjazykovou strdnku.
Préce je napsdna v anglickém jazyce. Jazykova drovefi je velmi dobrd. Vypracovana zprava dobfe popisuje klicové ¢ésti
vytvofené metody, ale pouze stru¢né popisuje existujici zpsoby vyuZiti znalostnich systéma v robotice.

Vybér zdroju, korektnost citaci B - velmi dobfe

Vyjddrete se k aktivité studenta pfi ziskdvani a vyuZivini studijnich materidli k Feseni zévéreéné préce. Charakterizujte
vybér pramenii. Posudte, zda student vyuZil viechny relevantni zdroje. Ovérte, zda jsou viechny pfevzaté prvky fddné
odlideny od viastnich vysledki a uvah, zda nedoslo k poruseni citaéni etiky a zda jsou bibliografické citace uplné a v souladu
s citacnimi zvyklostmi a normami.

Student odkazuje relevantni informaénf zdrojé, ale nékteré Elibl.ibérafick'é”bblloiky nejsou korektné uve&en;

Dalsi komentaie a hodnoceni
Vyjddiete se k urovni dosaZenych hlavnich vysledki: zdvéreéné préce, napf. k drovni teoretickych vysledkd, nebo k drovni a
funkcnosti technického nebo programového vytvofeného feseni, publikaénim vystupim, experimentdlini zruénosti apod,
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| Vlozte komentdf {nepovinné hodnoceni).

I1l. CELKOVE HODNOCENI A NAVRH KLASIFIKACE
Shriite aspekty zdvéreéné prdce, které nejvice oviivnily Vase celkové hodnoceni.

Vojtéch Janil k FeSeni zadané diplomaové prace pfistoupil tvliréim zplsobem. Samostatné dokazal nastudovat
problematiku ovlddani kolaborativniho robota Kuka LBR iiwa a problematiku névrhu a tisku plastovych dilli na 3D
tiskarné. Student se dale dokazal rychle zorientovat v problematice ontologii a automatického planovani

s vyuZitim jazyka PDDL. Viechny tyto technologie a znalosti dokazal propojit do funkéniho celku, ktery v sobé
skryva velky potencial pro dal3i vyuZiti.

PredloZenou zavéreénou praci hodnotim klasifikaénim stupném A - vyborné.

Datum: 12.6.2018 Podpis:
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Review Report of the Master Thesis

Knowledge-based approach for robotic
assembly of printed circuits

of

Mr. Vojtéch Jani

Through this report, | would like to express my gratitude for being a member of the examination
board to evaluate the master thesis of Mr. Vojtéch Jand.

The aim of this thesis is to investigate the applicability of the knowledge-based approach for
robotic assembly of printed circuits boards. The thesis focuses on the usage of an ontology to
link a product model with robot skills and related manufacturing operations in a way that enables
automatic reasoning and accurate and efficient robot operation. This issue tackles a very
important topic in the automation field, considering that typical industrial robot systems are not
flexible enough to respond to the rapidly changing demands of new production processes and
their growing complexity.

The introductory chapter presents the motivation for this thesis. Chapter 2 describes in detail the
devices and tools used for flexible man ufacturing. Chapter 3 shows the developed robot control
architecture having the code for every skill already stored in the robot. The idea behind not
having a universal code for each skill stored on the server is that the setup of each robotic cell
varies a lot. The robot control unit executes the functions corresponding to the sequence of
elementary skills. The decision-making architecture for this approach includes ontologies, a
reasoner and SPARQL as well as a planner. The used PDDL planner enables that there is no
need for storing a sequence of operations for manufacturing in the product description. Mr. Jani
also clearly described the limitations of his approach pointing out the necessity of presence of an
expert to perform the calibration during the setup phase of such a system. However, after this
first phase the unit should be flexible and a change of the manufacturing process should be at
low-cost. In Chapter 4 the evaluation of the approach by assembling two different printed circuits
boards is presented. The first two tests (1A and 2A) were made to try out assembly without
collision. Further two tests (2A and 2B) were made to prove collision detection during planning.
All four tests were performed ten times in a row with almost 100% success rate (with exception
for test A1). Finally, the last chapter summarizes the results and gives a final conclusion
indicating also possible future work,
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Generally, the structure of the thesis is well balanced (comprising 5 chapters) and follows the
current standards for this kind of work. However, | have to notice here that the second state of
the art section could analyze also other existing ontologies and summarize even more flexible
robotics systems implemented by other researchers.

Summary: The thesis presents very good quality and original results from the research area,
and meets the academic requirements for a master degree. The thesis scope is also aligned
with the recent Industry 4.0 initiative, and the work presented in the thesis contribute to improve
the state-of-the-art in the field by proposing a system architecture with the use of an ontology,
which is linked to skill representation of a robotic unit enabling automated assembly of printed
circuits boards and other similar products. The generated theoretical approach is specified but
also tested and validated in a laboratorial environment with an LBR iiwa robot. This prototypical
implementation and the achieved positive results ensure the applicability of the approach.

In conclusion, my evaluation of the thesis of Mr. Vojtéch Janu is expressed by the grade
“A — excellent".

Practical Robotics Institute Austria (PRIA)
Email: merdan@pria.at
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Adresse: Wexstralke 19-23, A-1200, Vienna

Web: www.pria.at
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