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I. IDENTIFICATION DATA

Thesis name: Cooperative path planning for a team of mobile robots
Author's name: Tomas Novak

Type of thesis : master

Faculty/institute: Faculty of Electrical Engineering (FEE)
Department: Department of Control Engineering

Thesis reviewer: M.Sc. Jana Jost

Reviewer's department: Fraunhofer Institute for Materialflow and Logistics IML

Il. EVALUATION OF INDIVIDUAL CRITERIA
Assignment .
challenging

Evaluation of thesis difficulty of assignment.
The thesis topic to develop an algorithm for a real warehouse scenario as well as the multi-robot path planning are
challenging tasks. There are just a couple of previous achievements on which the work can be based on.
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Satisfaction of assignment flll ﬁlle d wi th minor
objections

Assess that handed thesis meets assignment. Present points of assignment that fell short or were extended. Try to ossess
importance, impact or cause of each shortcoming.

The student has discussed current approaches to collision-free path-planning for a team of cooperating robots and has
presented the state-of-the-art algorithm Push and Rotate. For presenting the state-of-the-art more information about other
complete algorithms except the Push and Rotate method is expected and missing here. He has developed algorithms to
overcome the problem of multi-path planning for robots with previous defined simplifications. Also, the real warehouse
scenario was the basement for evaluating the algorithms. The com parison between the developed algorithm and the
described Push and Rotate method was just done theoretically and not simulated and evaluated. Instead he has compared
two different ways of his algorithm (sequential and standard) which s important but for assessing the developed algorithm
with the state-of-the-art it is not enough.

Method of conceptio
SRETOvERnET s correct

Assess that student has chosen correct approach or solution methods.
The student has thought about and explained the requirements for a real warehouse scenario and according to that made
his assumptions about the consideration of these issues in his algorithms.

Technical level B Yery gOOd
Assess level of thesis specialty, use of knowledge gained by study and by expert literature, use of sources and data gained by
experience.

The state-of-art of path planning algorithms is very short. Although the task emphasizes on the Push and Rotate algorithm
other algorithms should have been explained and compared to one another more in detail, Especially since there are other
existing complete approaches. Maybe some ideas and some combination between those and the Push and Rotate algorithm
would have been good for the development of the thesis.

_—

Formal and language level, scope of thesis C g 00 d

Assess correcthess of usage of formal nototion, Assess typographical and language arrangement of thesis.

There are minor mistakes regarding the language arrangement like using “we” and “I” instead of third person. Further on
the position of some figures should have been changed as well as some figures are used twice (3.10) although there 5hou;d
have been a difference. There are different fontsizes used in the figures. The division into (sub-)subchapters is too detailed
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this somehow influences the reading of the thesis. There is a mixture between agent and robot. In the beginning of the work
the term agent is used later on mainly robot and sometimes agents. There should be a consistent use or the words should
be used synonymous but still the formal notation should be the same.

Selection of sources, citation correctness B _ very gO Od

Present your opinion to student’s activity when obtaining and using study materials for thesis creation. Characterize selection
of sources. Assess that student used all relevant sources. Verify that all used elements are correctly distinguished from own
results and thoughts. Assess that citation ethics has not been breached and that all bibliographic citations are complete and
in accordance with citation convention and standards.

The citation style in the bibliography is not strict. There are assumptions made which need confirmation by sources e.g.
picking time, number of robots at charging station. Further on, the citation convention for figures differs from standards.
Usually it has to been clarified if the graphic is made according to the source or if it is copied. The listed sources for a figure
aren’t listed in and linked to bibliography. Some assumptions are not correct. The fourth industrial revolution doesn’t aim at
warehouses without any humans instead it aims at helping the human worker with his tasks through new technologies e.g.
AR and the adaptation of systems to the worker.

Additional commentary and evaluation

Present your opinion to achieved primary goals of thesis, e.g. level of theoretical results, level and functionality of technical
or software conception, publication performance, experimental dexterity etc.

The chosen evaluation criterion suit the task. Besides evaluating two varieties of the developed algorithms an evaluation
regarding the state-of-the-art what have been useful. Further on, the real warehouse scenario is just based on the layout. It
doesn’t become clear if real data from the warehouse management system is used. More important the behavior of the two
types of robots (with and without rack) is not differing as much as it would In the real world. For example especially the
stopping and starting movement would be different since the acceleration of a robot with a rack cannot be that fast
concerning safety reasons.

Ill. OVERALL EVALUATION, QUESTIONS FOR DEFENSE, CLASSIFICATION SUGGESTION
Summarize thesis aspects that swayed your final evaluation. Please present apt questions which student should
answer during defense.

I evaluate handed thesis with classification grade B - very good.

Date: 17. 1 .2018 Signature:
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I. IDENTIFIKACNI UDAJE
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Jméno autora: Tomas Novak

Typ prdce: diplomova
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Il. HODNOCENI JEDNOTLIVYCH KRITERII

[ zadéni naro&n&jsi

Hodnoceni ndrocnosti zadéni zévérecné prace.

Narognost prace spotivala zejména v nutnosti nastudovat netrividni plénovaci algoritmus a v ndvrhu jého roziitent
umoZnujici soucasny pohyb robotl. Navrh takového algoritmu nebyl viibec pfimoéary a v dobé& zadan( diplomové prace
nebylo zfejmé, zda se poZadované roziiteni povede nalézt.

Splnéni zadani splnéno
Posudte, zda pfedioZend zdvéreénd préce spliiuje zadéni. V komentaii pfipadné uvedte body zaddni, které neb yly zcela

splnény, nebo zda je prdce oproti zaddni rozsifena. Neb vlo-li zadéni zcela spinéno, pokuste se posoudit zdvaZnost, dopady o
pripadné i piiciny jednotlivjch nedostatku.

VZechny body zaddn{ byly spinény beze zbytku. Student se seznamil s problematikou pié'ﬁa\ém’b?é tym ‘I'c-dc;ﬁér_ajfcicﬂ h
mobilnich robotU, zejména pak s metodou Push and Rotate. Poté navrhl a naimplementoval roziitenf pro souasny pohyb
robotd. Poté provedl sadu experiment(, ve ktery ukazal vlastnosti implementovaného rozif¥eni. Kvalité prace by prospélo
porovnani s néjakym state-of-the-art algoritmem, bohuel implementace zadného takového nebyla k dispozici a vlastn{

realizace studentem by bylo nad ramec diplomové price.

Aktivita a samostatnost pfi zpracovani price A - vwborng
Posudte, zda byl student béhem fesen{ aktivni, zda dodrzoval dohodnuté terminy, jestli své feSeni pribéiné konzultoval g
zda byl na konzultace dostatecné pripraven. Posudte schopnost studenta samostatné tviiri prdce.

Student se problému priib&iné a aktivng vénoval béhem celého obdobi vyhrazeného na d_lpi_omovo_u préci. Vzhledem
k tomu, Ze si student prodlouZil termin odevzdani, Zasovou dotaci na vypracovani diplomové prace s pfehledem prekroéil.
K fedeni problému pfistupoval aktivng, sém identifikoval vzniklé problémy a tyto samostatné feiil. Na dohodnuté terminy
vzdy dorazil pfipraveny a s patrnym pokrokem. V ptipadech, kdy narazil na problém, jehos feSeni vyZadovalo konzultaci, &

ujasnéni smétu vyvoje, mne sdm aktivné kontaktoval.

Odborna troven A -vyborné
Posudte uroveri odbornosti zdvérecné prdce, vyuZiti znalosti ziskanych studiem a z odborng literatury, vyuZiti podkladd a

dat ziskanychzpraxe.
Reseni problému pldnovani pro kooperujici roboty vyZaduje znalosti ze-j'm'é-ﬁa 2 teorie gfafﬂ. Atkoliv se studenti béhem
studia s nékterymi algoritmy teorie grafil setkavajf, student se musel sezndmiti s pokrotilejsimi technikami, které se
nepfednadeji. Experimentalnivysledky ukazuji, #e studentem navrieny a realizovany algoritmus je poufitelny v redlnych

tlohach a mé potencial byt publikovén v rdmci védecké komunity (poté, co bude porovnan se soufasnymi algoritmy)

Formadlini a jazykova troveii, rozsah prace A -vyborné

Posudte sprévnost pouzivani formdinich zdpisii obsaZenych v préci. Posudte typografickou a jazykovou stranku,

Préace je pséna sluSnou anglittinou. Vlastni text jsem mé&l moznost nékolikrat pfipominkovat a odpovida rﬁ\}rri pofadavkim,
Préce je psdnav LaTeXu s pouZitim Sablony T. Hejdy a je tak typograficky na vysoké trovni. Ocenuji velkém mnoZsty(

ilustrujicich obrazkd, které dob¥e doplfuji text a pomahaji porozumnénf jednotlivych &stf algoritmu. Grafy z experimentt
obsahuji veSkeré naleZitosti jsou generovany v dostateéné kvalits.

1/2



¢vur POSUDEK VEDOUCIHO
ZAVERECNE PRACE

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Vybeér zdroji, korektnost citaci A -vyborné

Vyjadrete se k aktivité studenta pfi ziskdvéni a vyuZivéni studijnich materidld k feseni zavéreéné préce. Charakterizujte
vybér pramend. Posudte, zda student vyuZil viechny relevantni zdroje. Ovétte, zda jsou viechny prevzaté prvky fadné
odliSeny od viastnich vysledki a dvah, zda nedoslo k poruseni citaéni etiky a zda jsou bibliografické citace uplné a v souladu
s citanimi zvyklostmi @ narmami. )

V préci je citovano 13 publikaci, z nichZ 2 jsou ¢asopisecké &lanky a 4 konferenéni piispévky. Viechny citace povaiuji za .
relevantni a aktualni a jsou uvedeny tak, jak odpovida citaénim zvyklostem a etice. Vyhradu mam pouze k citacim
softwarovych knihoven, kde neni uveden odkaz na pfislunou webovou stranku.

Dalsi komentéfe a hodnoceni

Vyjddrete se k drovni dosaZenych hlavnich vysledkd zdvéreéné prdce, napf. k trovni teoretickych vysledkd, nebo k drovni a
funkcnosti technického nebo programového vytvoreného Feseni, publika¢nim vystupim, experimentdini zruénosti apod.
VloZte komentaf (nepovinné hodnoceni).

I1l. CELKOVE HODNOCENI A NAVRH KLASIFIKACE

Shriite aspekty zdvérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni,

Student prokazal schopnost samostatné nastudovat a feit zadanou Glohu. Ocefiuji zejména studentovu samostatnost a snahu
vypofadat se s problémy, které se b&hem Fedeni vyskytly.

PfedloZenou zévéretnou praci hodnotim klasifikaénim stupn&m A - vyborna.

Datum: 1.2.2018 Podpis:
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