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Doctoral thesis review

Ing. Petr Neduchal

Pristup ke sniZeni v{pocetni naroénesti systémii rozpoznavajicich prostiedi mobilniho robota

This thesis is concerned with a Simultaneous Localization And Mapping (SL.AM) of a robot
movement and position. This is a very complex problem with a wide variety of boundary conditions and
an active research theme. The thesis is centered around the problem of detection of environment
changes, it focuses on using one-dimensional non-visual sensors to reduce computation cost, and the
image analysis based approaches are proposed as well. The main contribution of the thesis is a new
system for the detection and classification of the robot environment based on data from the camera and
non-visual sensors. The increasing importance and deployment of robots in the applications of everyday
life justify the choice of the topic. the requirement to reduce the computational time is justified because
the robot navigation must run in real-time.

The thesis consists of two blocks, Chapters 1-4 and 5-7, the first is devoted to the theoretical
introduction and the second deals with individual methods and experiments. The first block is oriented
mainly on SLAM methodology, with the extension in the direction of Environment Change Detection
and Classification. The two latter topics turned out to be the main research themes of the thesis. In the
second block (Chapters 5-7) the experiments with the one-dimensional sensors and image-based scene
classification are described. The main contribution is described in Chapter 6 - Experiments, but it is
somehow hidden under layers of application details.

The topic of Environment Change Detection and Classification connected not only to SLAM
algorithms but as well as to the general scene classification is definitely an important topic in the
literature because understanding the background information of the image data is crucial. Introduced 1D
sensors in SLAM have not been mentioned in SLAM literature very often in the environment change
detection scheme (there are several barometric approaches to the floor identification or ultrasonic
distance sensors replacing LIDAR data), which fact is mentioned by the author.

The problem definition (an application of 1D sensors and/or image-based classification in the
environment change detection) is well described, however, it is questionable if the problem description
does not omit the context that can be known but is not used. The goal seems to be very general, not
using any a priori information, which can be available. The fulfillment of the planned goals is described
in Chapter 6, there are graphs and tables shown, but I am missing thorough information about the results.
There is a list of various datasets (weather, part of the day, etc.) acquired but the results seem to be
capturing just particular cases.

The goal fulfillment info is provided in Chapter 7. The suitability of individual one-dimensional
non-visual sensors to detect the transition between environments is provided with two ways how to
detect changes. An analysis of robot environment classification methods based on image description
was introduced and individual approaches were compared. The goal here shifted from the SLAM
platform methodology to the scene classification. The computational requirements and average accuracy
have been analyzed and the conclusions made. It has to be mentioned that the student designed the robot
itself and he has chosen the type of sensors used for the experiments. The proposed sensors have various
levels of usability for given tasks. Some of my comments are in the “Questions™ paragraph. I see the
main contribution in the developed and assembled robot system together with corresponding software,
when various implementation aspects were taken into account. The novelly of the proposed
methodology is either incremental or it is an implementation of the SoA methods. The choice of the 1D
sensors is not well justified in all cases (i.e. humidity sensor). The dataset for scene classification, which
was claimed as an issue, can be extended for example by SUN database.




The SL.AM state of the art is covered in the theoretical part as well as scene classification
methods and environment change detection methods. The depth of the theoretical introduction is
sometimes varying. Due to the wide range of covered topics the level of detail is shallow (for exampie
page 75). The ratio of the review section and the student contribution should be changed in favor of the
latter. I would recommend dedicating one solo chapter to describe which steps have been proposed and
chosen and not fuse this part with the description of the experiments themselves. It is difficult to assess
the student’s contribution in a defined way. So the structure and the organization of the thesis are
improvable. The language and comprehensibility of the text are good. The citations are appropriate, just
sometimes can be added, for example for Mobile Robot Programming Toolkit, NVIDIA Isaac, and
individual metheds in 4.1.1., sometimes there are details missing (no. 117). The figure captions can be
more descriptive (Fig. 2.3). " )

The student has (according to ORCID) 1 Journal paper and 14 papers from conferences in
conference proceedings, often published as books. These attracted 27 citations in total (Google Scholar,
with self-citations). The topic of the thesis is not covered by 2 paper.

Questions:
1. The limitation to per frame approach in the case of scene classification (without any history,
Just classification of one image) seems to me crucial. Why this approach was chosen?

2. The delay in the temperature measurements is processed without exploiting the known
physical nature of this phenomenon. Do you see any ways how this could be incorporated
into the trigger function design?

3. The dataset for the scene classification seems to be too heterogeneous. Would not be better
o Immit the evaluation to more focused set? o

I can see both positive and negative aspects of the thesis. The student shows that he is familiar
with many aspects of SLAM and robot navigation in general. He shows, that he has a strong robotics
background and knows how to apply it in order to solve practical problems. On the other hand, in the
thesis the amount of new research and the scientific contribution is limited and the number of journal
papers could be higher. To summarize, the author of the thesis proved fo have the ability to perform
scientific research and the positive aspects prevailed.

Therefore, I recommend the thesis of Petr Neduchal for the defense.

doc. RNDr. Barbara Zitov4, PhD
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Oponentni posudek dizertaéni prace Ing. Petra Neduchala

Ing. Karel Hordk, Ph.D., Vysoké uéeni technické v Brné

Pfi sestaveni oponentniho posudku se pfidrZuji nasledujici struktury navriené studijnim a
zku$ebnim fadem zCU.

a) zhodnoceni vyznamu disertaéni price pro obor

Téma disertatni prace samotné je aktualni. V mobilni robotice dosud panuje pomérné silna
specificnost ucelu a podminek pouiZiti kaZzdého robota, priemiZ zobechovani jak ulelu, tak
pracovniho prostfedi neni vzhledem kfadé jinych obtiZznych dioh mobilni robotiky obvyklé.
Schopnost senzorické ¢asti mobilniho robota rozpoznat typ prostredi je viak v nékterych dlohdch
kriticka — typicky napf. zachranaiské ¢i prizkumné roboty typu Orpheus vyvijené na nasem
pracovisti, pro néZ je zména prostfedi obecné nepfedvidateina, pakliZe nejde o teleprezenéni
fizeni nebo obecné transportni roboty v mediciné &i primyslu, skladova automatizace apod.
Samotné technické FeSeni rozpoznani typu prostiedi v real-time navriené jako kombinace analyzy
jednoduchych snimacd {UZ snimac vysky stropu, snimac teploty a vihkosti prostredi) nasledované
komplexni analyzou obrazu prostiedi maZe byt pro tyto typy Gloh piinosné pfedeviim z pohledu
nizkého poctu takto ucelenych praci ovérenych na konkrétni robotické piatformé, byt jednotlivé
faze procesu nepfredstavuji samy o sobé zcela nové védecké poznatky (typicky napf. obecnd dloha
rozpoznani prostredi z obrazu pomoci konvoluénich neuronovych siti). Pfinosny pro dalsi rozvoj
oblasti klasifikace prostiedi mobilniho robota je také poFizeny specificky dataset, je-li dostupny.

b) vyiadreni k postupu feseni problému, pouZitym metodam a spinéni uréeného cile

Doktorand v kapitole 3 definoval jadro disertace jako vyuZiti nevizudlnich jedno-modovych
snimac( mobilniho robota pro odhad zmény jeho prostfedi a naslednou analyzu aktualniho
prostfedi z rozmérnéjdich kamerovych dat. Tento koncept ma zajistit spolehlivost detekce typu
prostfedi a soutasné vypoletn realizovatelnast v praktickych tlohach mobilni robotiky v reainém
¢ase. Téma disertace je v podstaté aplikalni, ¢ehoi se doktorand pfi své praci pfidrzel.
Vyzdvihnout |ze predeviim peclivé zpracovani rederie metod SLAM doplnéné o prehled zakladni
snimacové techniky vyuzivané v mobilni robotice. Rovnéz tak je dilezité poznamenat, Ze
doktorand dle popisu v dokumentu odved! kus prace jednak na implementaci navrieného
konceptu, jednak ale také na samotné platformé mobilniho robota a pofizeni do znaéné miry
unikatniho datasetu obsahujici synchronizovana data jak z nevizualnich, tak vizualnich snimacu pfi
zméné prostfedi mobilniho robota. Cely koncept rozpoznani prostredi robota je navrien pro real-
time uZiti na platformé Jetson Xavier, Cili vyznamnym rysem prace je konkrétni sekvence
zpracovani riznych typd signdli v zavislosti na vypocetni naroénosti. Z popsanych vysiedk( prace
Ize usoudit, Ze doktorand v kapitole 3 vytyCenych cill v praktické roviné dosahl.

c) stanovisko k vysledklm disertacni prace a k plivodnimu konkrétnimu pfinosu predkiadatele
disertani prace

Z kapitol 4, 5 a 6, v nichZ doktorand popisuje navrh, implementaci a vyhodnoceni tii experimentl
systému pro rozpoznant prostiedi mobilniho robota v binarnim smysiu vnitfni-vnejsi vyplyva, 7e
popsany systém reaguje na redlnou zménu prostfedi statisticky spravné. Teoreticky koncept
rozpoznavaciho systému tak fze povaZovat za ovéreny. Je viak nutné poznamenat, Ze z vysledk(
obou uvazovanych pFistup (tj. tradiéni a vyuZivajici NN} tabelovanych na str. 125 lze navrieny
systém v praxi povaZovat za spise podplrny, zejména v kritickych medicinskych ¢i prdmyslovych
aplikacich. Samotny teoreticky pfinos prace pak spodivd ve vhodné kombinaci jinak znamych
fedeni z jinych oblasti, coZ viak ve vysledku pro posun védéni v oblasti mobilni robotiky pfinosné
je. Soudasné je vhodné zminit, Ze dané téma stale obsahuje velky prostor pro vyzkum metod flze
dat jednotlivych snimacf, a to predevsim v oblasti strojového uceni, zde zjevné s ucitelem.




d) vyjadreni k systematice, pfehlednosti, formdlni (pravé a jazykové Urovni disertadni prace
PfedloZeny dokument dizertaéni prace ma cca 130 stran a je psan v anglickém jazyce. Text
samotny je odborné i jazykové na dobré drovni, terminologicke a gramatické chyby se vyskytuji
jen vyjimedné. Vytku k formalni strance prace mam k rozvrieni a obsahu kapitol. Kapitole 3 o cilech
disertace pfedchazi kromé dvodu pouze kapitola popisujici SLAM algoritmy a robotické platformy
{HW i SW), nikoli vak soucasny state-of-the-art tykajici se pfimo tématu prace, tj. metody pro
rozpoznani prostiedi mobilniho robota, popf. algoritmy Fesici vwpoéetni ndroénost téchto metod.
Byva dobrym zvykem, vychdzejicim piirozené ze sekvence ¢innosti védecké préace, uvést soutasny
stav feSené problematiky jakoZto stav vychozi pravé pred deklaraci cild disertace, aby bylo ziejmé,
na jaky stav doktorand navazuje. Prvni zminka o rliznorodosti prostfedi, v nichi mobiini robot
operuje, se vyskytuje az na str. 55 v kap. 2.9.2 bezprostfedné pfed cili disertace, nadto pouze jako
odstavec seznamu nékolika dalSich otevienych problémd SLAM a mobilni robotiky obecné.
Konkrétnf reference state-of-the-art v oblasti rozpoznani prostfedi {vnitini a vnéjsi) mobilniho
robota doktorand uvadi v kapitole 3 cfle disertace. Za shad jedinou typografickou chybu lze
povazovat nevyznaceni typu prostiedi (tj. ground-truth) v grafech mérenych velicin od str. 96.

e) vyjadreni k publikacim studenta

Na konct dokumentu doktorand uvadi po relativné dlouhém vy€tu studovanych referenci {€itajici
celkem 234 poloZek) také vlastni prace. Téch je ve vyCtu celkem 25 predevsim z oblasti zpracovani
signalu, obrazu a mobilni robotiky, pfiemz 6 z nich se tyka pfimo tématu disertace a u nich? je
doktorand rovnéz hlavnim autorem. Publikacni aktivita je objemové obecné dostadujici, nicméné
nelze nezminit, Ze z hlediska kvalitnich vystupt zde chybi pfedevsim publikace samotného jadra
disertace v néjakém impaktovaném ¢i i jinak oborové prestiznim €asopisu. Z uvedenych zpravidla
konferenénich publikaci tak nelze prili$ jasné vyvodit citaéni dopad, tj. uznani vysledk( disertace
védeckou komunitou v oboru mobilni robotiky.

f) jednoznaéné vyjsdieni oponenta, zda doporuéuje & nedoporutuje disertadni praci k obhajobé
Vzhledem k vySe uvedenému uzavirdm, Ze doktorand predloZil préci, ke které mam diléf vytky,
zpravidla v8ak formdlniho charakteru, a kterou tak lze doporuéit k obhajobé pied komisi.

Otazky:
1. Bylo by mozné vyuZit pro rozpoznani vnitiniho a vnéj$iho prostiedi také spektrometr
zaznamendvajici charakteristicky tvar spektra viditelného zafent (slunce-atmosféra vs.
umeéié osvétleni) a s jakymi omezenimi &i vyhodami?
2. Jaka konkrétni struktura CNN vyuZivajici jaké transformace vstupnich obrazovych dat
(feature extractor) je v soutasné dobé vrcholem v oblasti rozpoznani prostfedi a pro¢?
3. Co jeto Ctyfpolni tabulka a jak ji [ze vyuZit pro evaluaci algoritm( strojového uéeni?
4. Zjakého dlvodu je u experimentu oznaCeného jako Record 02 zdmérné zavedena
systematicka chyba ve formé ¢erného dratu viditelného v zorném poli kamery?
5. Pokuste se sam kvalifikované, tj. napf. na zdkladé odezev, odvodit dopad vaseho Feseni
rozpozhani prostfedi mobilniho robota na védeckou komunitu realizujicl odpovidajici
Ulohy mobilni robotiky. Mate takové odezvy?
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V Brné dne 18.10.2022 Ing. Karel Hor



