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H. HODNOCEN{ JEDNOTLIVYCH KRITERI{

Zadani narocnéjsi

Hodnoceni ndroénosti zaddni zavére¢né prace.

PfiloZena price se zabyva problematikou kalibrace robotické kiize. Kige byvé robotim pfidavana
velmi &asto aZ dodatetng, diky Eemuz je potieba nasledné dokalibrovat Jjeji umisténi. V bakalaiské
préci bylo cilem provést konkrétné kalibraci umslé kiize, ktera byla nasazena na robota Nao. Samotn4
kiiZe sestdvé z taktilnich senzord umist&nych na trojihelnicich propojenych do platd, které jsou
nasledn® umistény na specialni plastové néstavce — cely tento systém je potieba dokalibrovat. Cilem
préce bylo zjistit, jaky p¥istup je pro nalezenf jednotlivych transformaci nejvhodnéjsi a zda je mozné
VyuZzit pouze informace z taktilnich senzorti pfi sebedoteku robota. Vypracovani prace zahrnovalo
Sirokou mnoZinu podiiloh zahrnujici praci se samotnym robotem, vy¢€itani dat z jednotlivych senzord,
ptedzpracovani dat, vytvoteni modelu robota v MATLABuU a vytvofeni pfisluinych optimalizagnich
funkei. Cilem bylo vytvofit framework, ktery bude aplikovatelny pro kalibraci kiZe také na jinych
robotech.

Splnéni zadani spinéno

Posudte, zda predloZend zdvéreénd prdce splfiuje zadéni. V komentdfi piipadné uvedte body zaddni, které nebyly zcela
spinény, nebo zdu je prdce oproti zaddni rozitena. Nebylo-li zaddni zcela spinéno, pokuste se posoudit zévaznost, dopady a
Ppripadné i ptitiny jednotlivych nedostatkd. )

Lukas Rustler splnil viechny body zadani (s vyjimkou posledniho fakultativniho) na vybornou. V prilozené praci
je popsan cely framework, ktery umoZiuje optimalizaci umisténi umélé kiize s moznosti velkého mnoistvi
nastaveni (napf. optimalizace pouze nékterych parametrd, nastaveni omezeni na optimalizované parametry,
zasuméni parametri, apod.). Tento objektové psany framework umoinuje definovat velmi jednoduse robota
s jinou strukturou umélé kize, coz zajistuje prenositelnost na kalibraci kiize také u jinych robotd. Student také
porovnal jednotlivé pfistupy ke kalibraci. Sougasti feSeni jsou i mnohé vizualiza¢ni funkce, které napfiklad
ulehuji sbér datasetu i zobrazuji posun poloh kize pfed a po kalibraci. Zavére&né vizualizace ukazuiji, 7e se
skute¢né podafilo kiiZi na robotovi pomoci sebedotyku nakalibrovat z pivodniho nepfesného modelu a
dosahnout vysledku, ktery velmi piesné odpovida pozorovanému umisténi kiize.

Aktivita a samostatnost pfi zpracovani prace A - vyborné

Posudte, zda byl student béhem feeni aktivni, zda dodrzoval dohodnuté terminy, jestli své feseni priibéZné konzultoval a
zda byl na konzultace dostatecné pfipraven. Posudte schopnost studenta samostatné tviréi préce.

Luka3 Rustler na bakalaFské praci pracoval zodpovédné v prib&hu celého roku, éemuz odpovid4 také velmi kvalitni a
obsahlé anglicky psand bakalafska préce o rozsahu 54 stran (65 véetné pfiloh), ve které jsou jeho dosa¥ené vysiedky
shrnuty. Student dokazal samostatné Feéit jednotlivé problémy, které se vyskytly se sbérem datasetu a kalibraci robota.

Velmi rychle reagoval na naSe komentaFe a navriené postupy implementoval a pfipadné i déle rozsifil.
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Odborna troveii A - vyborné

Posudte droveri odbornosti zgvéreéné prdce, vyuZiti znalosti ziskanych studiem a z odborné literatury, vyuZiti podkladi a
dat ziskanych z praxe.

Odborn4 trovefi prace je vyborna. Prace navazuje na stavajici metody kalibrace robotd. Jednotlivé pouZité metody,
postupy i vysledky kalibrace jsou podpofeny velkym mnoZstvim vizualizaci, grafl a tabulek s vysledky. Dosazené vysledky
jsou také porovnény s vysledky ziskanymi pomoci jinych sou€asnych metod a dosahuje lep3ich &i porovnatelnych vysledkl
pfi uréeni polohy jednotlivych senzora.

Formalni a jazykova troven, rozsah prace A - vyborné
Posudte sprdvnost pouZivdni formdlinich zdpisii obsaZenych v prdci. Posudte typografickou a jazykovou strénku.

Préce je psana v Latex s dobrym formatovanim, vizualizace a grafy jsou kvalitni a dobfe okomentovany. Prace ma na
bakala¥Fskou praci nadstandardni rozsah 54 stran (65 véetné pfiloh).

Vybér zdroju, korektnost citaci A -vyborné

Vyjddrete se k aktivité studenta pfi ziskdvani a vyuZivani studijnich materidli k feSeni zdvérecné prdce. Charakterizujte
vybér pramend. Posudte, zda student vyuZil viechny relevantni zdroje. Ovérte, zda jsou vSechny pfevzaté prvky Fddné
odliseny od viastnich vysledki a uvah, zda nedoslo k poruseni citacni etiky a zda jsou bibliografické citace dpiné a v souladu
s citaénimi zvyklostmi a normami. o
Prace obsahuje velké mnoZstvi citaci na relevantni literaturu. V praC| je dobfe pracovéano s citacemi a student své vysledky

s citovanou literaturou porovnava.

Dalsi komentaie a hodnoceni
Vyjddrete se k tirovni dosaZenych hiavnich vysledki zdvéreéné prdce, napf. k urovni teoretickych vysledkd, nebo k drovni a
_funkénosti technického nebo programového vytvoreného feseni, publikaénim vystupim, experimentdini zruénosti apod.

Vloite komentaF (nepovmne hodnoceni).

Ii. CELKOVE HODNOCENi A NAVRH KLASIFIKACE

Shrrite aspekty zdvérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni.

Jednd se o velmi kvalitné zpracovanou rozséhlou bakala¥skou praci, ve které Lukas Rustler prokazal, Zze dokaze
zadané téma Fesit dle standardniho védeckého postupu s vyuZitim soutasnych metod. Student pracoval na praci
velmi zodpovédné. DosaZené vysledky jsou velmi dobfe prezentovany a porovnany s podobnymi soucasnymi

metodami kalibrace robotické kize. V3ech cil prace bylo dosaZzeno, jak je ukazano na nazorné ukazce vizualizujici
kalibrovanou kUZi robota Nao.

PredloZenou zdvére¢nou praci hodnotim klasifikatnim stupném A - vyborné.

Datum: 30.5.2019 Podpis:
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|. IDENTIFICATION DATA
Thesis name: Artificial Skin Calibration for the Nao Humanoid Robot Using “Self-touch”
Author's name: Lukas Rustler
Type of thesis: bachelor
Faculty/Institute: Faculty of Electrical Engineering (FEE)
Department: Department of Cybernetics
Thesis reviewer: Alessandro Albini
Reviewer's department: DIBRIS — University of Genoa

Il. EVALUATION OF INDIVIDUAL CRITERIA

Assignment challenging —‘
Evaluation of thesis difficulty of assignment.

The thesis proposes a method to calibrate the position of tactile elements with respect to the robot body frame. The
problem is relevant since the majority of applications using artificial skin require to associate a contact location to a given
stimulus.

When the skin is composed of thousands of taxels the manual calibration becomes error-prone or infeasible.

The problem of developing a (partially or fully) autonomous procedure to calibrate large area robot skin is still open. Due
to the complexity of the task, all the approaches presented in the literature, propose solutions applicable under some
assumptions rather than in a generic case.

| satisfaction of assignment fulfilled

Assess that handed thesis meets assignment. Present points of assignment that fell short or were extended. Try to assess
importance, impact or cause of each shortcoming. e —
The main goal of the thesis was to develop a framework that allows to spatially calibrate large-area tactile sensors placed
on the robot body.

The core of the framework has been successfully implemented. Any possible extension of the thesis {e.g. autonomous self-
touch procedure) can be developed on top of this work. For the reviewer, the goal of the thesis has been completely
achieved.

Method of conception correct

Assess that student has chosen correct approach or solution methods.

The proposed approach is based on two major assumptions: (i) the 2D positions of the sensors are known; (i) the 3D
positions and normals of the center of each skin module are known from cad models.

The reviewer opinion is that the methodology applied is definitely correct and consistent with the methods proposed in

the literature.

Technical level A - excellent.

Assess level of thesis specialty, use of knowledge gained by study and by expert literature, use of sources and data gained
by experience. .
The student showed to be capable of applying the knowledge learned in the bachelor courses. Furthermore, he made an
additional effort to learn more advanced concepts, usually taught in master courses.

Considering that this is a bachelor thesis, the reviewer opinion is that this is high-quality work.

Formal and language level, scope of thesis A - excellent,
Assess correctness of usage of formal notation. Assess typographical and language arrangement of thesis.
I have no major comments. The thesis is well written, the notation is correct, and the algorithms are well documented.
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Selection of sources, citation correctness A - excellent.

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. o e
The importance and the problems related to the skin spatial calibration problem are well explalned Citations are
adequate.

All the relevant works already proposed in the literature are cited and summarized in the thesis, showing that the student
is acquiring deep knowledge of the fields related to large-area tactile sensing.

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 reviewer opinion is that the results are very good and outperform most of the approaches proposed in n the state of the
art.

lll. 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.

The aspects that the reviewer considered for the final evaluation are summarized in the following:

¢ The student showed that he put a lot of effort, not only in the technical part of the work but also while
writing the thesis. The description of the problem and of the solution are explained clearly, making the
thesis understandable to people who are not experts in the field.

e The proposed method is novel, and it is not tied to a specific platform. This means that it can be
implemented on different robots, provided that the initial requirements are fulfilled.

¢ The method has been tested on a real robot rather than on a simulated environment. The theoretical part
has been validated in different scenarios, proposing a relevant number of experiments. The final results
outperform most of the approaches presented in the literature.

| evaluate handed thesis with classification grade A - excellent.

Questions:
¢ The triangle is made with flexible PCB allowing to adapt the sensors to the shape of the robot body.
During the calibration procedure, the single module is considered flat and rigid. This is fine when the
curvature radius of the surface is very low, but in other cases, this will lead to an approximation of the
robot body which is not smooth. Can the procedure be extended in order to optimize the position of the
single taxel rather than the whole triangle?

Date: 30.5.2019 _ Signature:
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