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Il. HODNOCENI JEDNOTLIVYCH KRITERI|

Zadani narocnéjsi

Hodnoceni ndrocnosti zaddni zdvéreiné prace. . o o
PfiloZend prace se zabyva navrhem robotické hry achy pomoci jazykovych instrukci za vyuZiti robota
KUKA. Tato hra by méla umozZnit uZivateli jen pojmenovat figurku kterou je potieba tahnout a pozici a
robot jiz sam za pomoci dat z RGB-D kamery provede Zadany tah. Vypracovani prace zahrnovalo
navrh designu samotné hry véetné pfipravy Sachovych dild, praci s redlny robotem KUKA, kalibraci
kamer, detekci objektd v obraze, zpracovani jazykovych instrukci a propojeni vech soucéstni do
jednotného frameworku, které umozni samotnou hru v redlném ¢ase. Vyuziti takové hry je nejen pro
demonstracni Glohy, ale také ve chvili, kdy ma robot slouZit jako zdbavni spole¢nik v domacnostech,
ptipadné pro hendikepované lidi.

Splnéni zadéani spinéno

Posudte, zda pfedloZend zdvérelnd prdce spliiuje zaddni. V komentdfi pfipadné uvedte body zaddni, které nebyly zcela
spinény, nebo zda je prdce oproti zaddni rozsifena. Nebylo-Ii zaddni zcela spinéno, pokuste se posoudit zavaZnost, dopady a
pfipadné i pfi¢iny jednotlivych nedostatkii. L -

Marek Jallivka splnil vyborné viechny body zadani aZ na posledni nepovinny bod. Na zakladé parametri
detekovaného pracovniho prostoru robota a moznosti jeho gripperu navrhl samotnou hru sestavajici

z Sachovych figurek pokrytych kovovou destickou a aruco markery. Déle kalibroval kamery i pozici pracovniho
prostoru a proved! diskretizaci prostoru pro ticely uréeni pozice figurek a propojeni vizualni informace

s hlasovymi pfikazy. Vizualizace aktudlniho stavu hry umoziuji hraci sledovat aktudini stav z pohledu robota.
Hra nabizi moZnost ovladat robota pfi hire proti €lovéku textovymi ¢i hlasovymi ptikazy. Samotna hra je
doplinéna o zpétny feedback ¢lovéku, ktery napfiklad upozoriiuje na invalidni tahy. Prace také obsahuje
evaluaci presnosti umisténi jednotlivych figurek, rozpoznani jazykovych pfikaz{i a rozpoznani objektl pomoci
RGB-D kamer. Vysledna hra byla jiz nékolikrat pouzita jako demonstracni tloha na nasem pracovisti.

Aktivita a samostatnost pfi zpracovani prace A - vyborné

Posudte, zda byl student béhem Feseni aktivni, zda dodrZoval dohodnuté terminy, jestli své FeSeni pribézné konzultoval a
zda byl na konzultace dostate¢né pfipraven. Posudte schopnost studenta samostatné tvirci prace.

Marek Jaluvka zacal praci jiz v rdmci individudiniho projektu, kdy se seznamil s jednotlivymi souéastmi systému a nauéil se
pohybovat robotem a ovladat jeho gripper pomoci jazykovych instrukci. Konkrétni téma pro bakaléarskou préci (hra Sacht)
navrhl sdm a stejné tak velmi samostatné pfisel s feSenim jednotlivych krok( nutnych pro splnéni zaddni préace. Jednotlivé

vy v

kroky préace prib&zné konzultoval a véas zapocal také se psanim i samotné bakalafské prace.
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Odborna droveii A - vyborné

Posudte uroveri odbornosti zavéreéné prdce, vyuZiti znalosti ziskanych studiem a z odborné literatury, vyuZiti podkladi a
dat ziskanych z praxe. o
Samotny pFinos bakalaiské prace je prevainé prakticky a jeji vypracovani vyZadovalo zviasté schopnost prace s metodami
a daty z jednotlivych modulil a jejich propojeni. Odborna Uroveii prace je vybornd. Pfi implementaci jednotlivych ¢asti
architektury vychézel student ze sou€asnych metod, které samostatné nastudoval, pro G&ely prace ptisluiné modifikoval a
propojil do nové architektury. Tyto moduly a postupy jsou v praci podrobné popsané, doplnéné o rovnice, vizualizace i

| ukazky implementovaného kédu. Funkénost navrieného feSeni je v zdvéru préce evaluovana na nékolika uZivatelich.

Formalni a jazykova troven, rozsah prace A -vyborné

Posudte sprdvnost pouzivéni formdinich zdpist obsaZenych v prdci. Posudte typografickou a jazykovou strdnku.
Prace je psand velmi slusnou technickou angli€tinou, sazena v Latex, doplnéna mnoha obrézky a diagramy navrieného
feseni. Prace obsahuje velké mnoistvi rovnic a ukazek kédu s dobrou typografickou (pravou. Prace mé na bakalarskou
praci spie nadstandardni rozsah 54 stran (58 vCetné literatury).

Vybér zdroju, korektnost citaci A - vwyborné

Vyjddrete se k aktivité studenta pfi ziskavani a vyuZivdni studijnich materiéli k Feseni zévéreéné prdce. Charakterizujte
vybér prameni. Posudte, zda student vyuZil viechny relevantni zdroje. Ovérte, zda jsou vSechny pfevzaté prvky fadné
odlifeny od vlastnich vysledkii a uvah, zda nedoslo k poruseni citaéni etiky a zdo jsou bibliografické citace uplné a v souladu
s citacnimi zvyklostmi a normami.

Student cituje vybrané relevantni €lanky, které se zabyvaji hrou $achi a dalsi prace, ve kterych jsou popsany aplikace
vyuzivajici ovladani hlasem. Diky experimentdlnimu zaméFeni, obsahuje bakalafské prace také velké mnoiZstvi citaci na
jednotlivé implementované metody, knihovny a technické specifikace jednotivych pfistroja.

Dalsi komentafe a hodnoceni

Vyjddrete se k urovni dosaZenych hlavnich vysledkd zdvéreéné prdce, napfr. k trovni teoretickych vysledki, nebo k drovni a
Junkinosti technického nebo programavého vytvofeného feSeni, publikaénim vystupam, experimentdlini zrunosti apod.
VloZte komentér (nepovinné hodnoceni).

ll. CELKOVE HODNOCENI A NAVRH KLASIFIKACE
Shrrite aspekty zdavérecné prdce, které nejvice ovlivnily Vase celkové hodnocend.

Vypracovana prace popisuje feseni hry $achli za pomoci hlasové ovldadaného robota. Student prokazal, ze dokaze
pifijit se svou vlastni Glohou, tilohu navrhnout jak po praktické, tak i softwarové strance, navrzené feseni
implementovat a uvést do velmi pékného funkéniho stavu za vyuZiti sou¢asnych metod, které pro tcely feSeni
sam nastudoval a pfislusné modifikoval. NavrZené feSeni podrobné popsal v dobie strukturované praci, ve které
také dobie pracuje s citovanou literaturou. Vysledna hra byla jiz nékolikrat pouZita jako demonstraéni tGiloha na
nasSem pracovisti.

Pfedlozenou zavérecnou praci hodnotim klasifikacnim stupném A - vyborné.

Datum: 30.5.2019 Podpis:
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Fulfilment of Assigned Tasks

The student’s tasks consisted in implementing a chess playing robot without prior work
from other students or employees. These tasks were all fulfiled appart from the optional
task of incorporation of an automatic chess playing algorithm. The major part of the work
consisted in incorporating readily-available ROS packages. The development of the chess
logic part seems to have involved a lot of programming by the student but what is missing
here is a justification of the reason why open-source libraries have not been used for this
purpose, though such appropriate libraries seem to exist according.a quick web search.

Resolution Methods

The extrinsic calibration method was carried out with OpenCV’s solvePnP function.
Though this is completely appropriate, the obtained results are quite bad and seem to
indicate bad input for the function call or bad use of the function’s outputs. The results
of the second calibration, though better than the first ones, could not be used as is, as an
affine transform was still needed to correct the marker positions. At this point, it seems
that a 2D loop-up table would have been easier to use because it would have presented the
advantage of working with an uncalibrated camera. The results of this second calibration
with the affine transform are not given though. They are solely commented with the
expression ”satisfactory results”.

The determination of the possible chessboard position relative to the robot has been
carried out thanks to the working envelope given by the robot manufacturer. At this point,
by mentioning kinematics model and Denavit-Hartenberg parameters, the student confuses
the reader by making him/her think that a more complicated method was used.

The work makes heavy use of the ROS framework. It is then questionable why the
student did not use the well-tested coordinate transform function of ROS’s tf2 package to
transform coordinates rather than implementing his own functions.

Obtained Results

The student was able to implement a complete chess-playing robot. The original idea of
using some object recognition and localization of marker-less objects with a depth camera
had to be simplified to 2D marked object localization but such a task would have been
very challenging for a bachelor thesis. The developed framework will probably provide a
good start for future works.

The major result of the work are the algorithm and the setup themselves. The presen-
tation of quantitative resuls is rather short as it starts at page 43. Some of the presented
results are unclear to me. The test called "first round of testing”, for example, seems to
me to be a pure test of the robot accuracy as the student does not provide a hint of what



could have failed in the back-and-forth robot moves. A similar remark applies to the test
presented in Figure 4.15.

The student presents some results of the marker detection. The results presented there
are quite surprising given the difference between Table 4.5 on the one side and Tables 4.7
and 4.8 on the other side. An explanation is given about lightning conditions, which may
be correct, but a test confirming this hypothesis was not carried out, though it does not
appear to me that such a test would be difficult to carry out, possibly with a smaller
number of configurations. I was missing a zoomed-in image of a marker that would have
allowed me to better assess the camera resolution relative to the marker size, or at least
the information of the marker size in pixels.

The presentation of the tests of the language recognition algorithm are also not com-
plete. I missed some important information there such as whether testers were native
speakers or which engine was used from the several engines mentioned in Chapter 3. A
mention of the algorithm training process is also missing there. It is for example unclear
whether the algorithm was trained separately for each tester.

Practical Requirements

The thesis is very well presented and figures are clear. The quality of some of the figures
could have been improved though by using vector graphics image rather than bitmaps. The
English is mostly clear appart from a few sentences but a proof-reading would have helped
avoiding classical language mistakes made from Czech speakers.

The number of references is appropriate but most of them are links to web pages. The
thesis would have gain more weight by augmenting the number of citations of journal or
conference papers which is a mere seven. The last citation is incomplete because it does
not mention the type of reference. Bibliographic belongs to the main part of the thesis not
into the annexes.

Some part of Chapter 3 could be shorten as they are not used further in the manuscript,
e.g. the robot kinematics and the description of the internals of language recognition algo-
rithms, or they do not provide usefull information to the reader, e.g. the listings of ROS
types and some details about the Eigen library, which I consider to be implementation
details.

The electronic version of the manuscript has a different page numbering as the paper
version.

General Comments and Conclusion

The primary goal of the thesis is achieved and the student carried out a large amount
of work. The thesis is clear a well-written. It is well structured, though some parts could
have been shorten in favor of other ones such as the chapters about related work and the
quantitative results.

As a conclusion, I advise the commission to evaluate the presented bachelor’s thesis
with the grade

B - Very Good.

Prague, May 31, 2019 Dr. Gaél Ecorchard
CVUT, CIIRC



