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I. IDENTIFIKACNI UDAJE
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Jméno autora: Martin Jaros
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Pracovité vedouciho prace:  CVUT, CIIRC, Robotic Perception

Il. HODNOCENI JEDNOTLIVYCH KRITERIf

Zadani primérné naroéné

Ukolem studenta bylo sezndmit se s metodami kalibrace kamer a pro typické kamery pouZivané v systémech autonomniho
fizeni navrhnout a v prvni &asti prace implementovat vhodnou metodu vnitini kalibrace. Druhou, kligovou &asti préce, bylo
navrZeni a otestovani vnéji vzdjemné kalibrace paru kamer nemajiciho pFekryv zorného pole, s vyuZitim nékterych znalosti
0 scéné.

z 7

Splnéni zadani spinéno s mensimi vyhradami

Viechny body zadani povaZuji za spInéné. Praktickou &ast prace — implementaci metody a jeji experimentéIni ovéfeni — by
nicméné bylo vhodné jeté rozsiit o testovani na v&tim testovacim vzorku, dikladnéjsi identifikaci situaci, kdy metoda
selhdva diky nedostatecnym datiim, a piipadné zvy3eni spolehlivosti a pfesnosti pouZitim vétsi mnoZiny dat pro vlastni
kalibraci. '

Aktivita a samostatnost pfi zpracovani price A - vyborné

S pfistupem studenta jsem byl spokojen, na tkolu pracoval prﬁbéiné,riéastnil se pravidelnych konzultaci, samostatné
pfistupoval k feseni dil€ich technickych problém(.

Odborna trovef A - vyborné

Bez ptipominek.

Formalni a jazykova tGroven, rozsah prace C - dobie

Prace je vysdzena v souladu se standardy technického textu. Misty bych nicméné uvital vétsi petlivost p¥i sazb& zejména
matematickych vzorcd (napf. vyuZiti Fezli pisma pro riizné entity obvyklé v odborné literatufe). Price je psana v anglickém
jazyce, Zel na mnoha mistech trpi gramatickymi prohfesky. Rozsahem je text prace spise krat$i, misty piili strugny, nékteré
koncepty by bylo vhodné podrobnéji vysvétlit a hlavn& Iépe zasadit do celkového kontextu, ktery se misty ztraci.

Vybé&r zdrojl, korektnost citaci B - velmi dobre

Préce s citacemi je korektni. Studeﬁt_prralgzﬁal schopnost samostatné price s odbornou literaturou i FeSeni nékten’/cﬁ
dilgich problémii v prvni &asti prace pomoci vlastni reSer3e. Druhd &ast prace (vzéjemnd kalibrace kamer bez prekryvu) by

vaws

oviem vyZadovala intenzivnéj3i prci s literaturou a zakotveni ve stavu problematiky.

Dalsi komentéaie a hodnoceni

Bez komentare.
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Ill. CELKOVE HODNOCENI A NAVRH KLASIFIKACE

Praci celkové hodnotim jako Gspé3né spinénou. Byl navrZen postup vhodny pro kalibraci kamer umist&nych na
pohyblivé zakladné (vozidle) pohybujici se v umélém prostiedi a tento postup byl (ispésné ovéfen. Metoda by
nicmeéné jesté potfebovala dopracovat z hlediska spolehlivosti a dikladné&ji experimentainé provéfit. Také text
préce nese znamky nedopracovanosti a bylo by potfeba mu v&novat je$té néjaky &as.

S ohledem na vy3e zminéné piedloZenou zavéretnou praci hodnotim klasifikaénim stupném C - dobfe.

Datum: 1.6.2021 Podpis:
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The thesis presents a method for calibrating a rig of non-overlapping field of view cameras. After the
introduction, Chapter 2 introduces the image formation camera and projection models including the
radial distortion. Then an intrinsic camera calibration is presented in Chapter 3. Multiple camera,
calibration method is presented in Chapter 4. Experimental validation is included in Chapter 3 and
Chapter 4. Chapter 5 describes the experimental setup. Finally, Chapter 6 concludes the thesis.

For positive points, I would stress that the calibration of cameras with non-overlapping field of
views is an important problem in autonomous driving. The thesis presents the calibration method
in a compact way, the principle ideas are comprehensible. The text refers to a related literature.
The method is validated in both simulated data and real data captured in the laboratory. Results
suggest that the method is well designed and probably implemented correctly. The problem is not
trivial and requires a mathematical understanding.

Nevertheless, the thesis suffers from several weaknesses.

1. Lack of reproducibility. I do not believe it is possible to reimplement the method based on
the thesis. At the beginning, the author made an effort to be formal, using mathematical
equations. However, this effort is lost almost completely later on. There are many vague and
unclear points, unexplained symbols. For instance, neither the projection equation nor the
optimization criterion are given explicitly. Details on the optimization are missing comple-
tely. It is only mentioned that Python scipy.optim was used. It should be detailed which
optimization algorithm was used.

2. Experimental setup is not described with enough details. The synthetic data are not described
at all. For the real data, cameras and lenses are not specified. Then, e.g., dimensions of the
acquisition room, size of the calibration targets are not given.

3. Experiments are not very convincing. For the intrinsic camera calibration, the reprojection
error is low (around 1 px), however for all models, a single instance is given. Multiple data
should have been tested, or the dataset should have been split to provide an idea of error
distribution (variance). For the rig calibration, results on both synthetic and real data are
reported. However, the synthetic results are only commented that the method converges to
the given parameters, and that when perturbed, the reprojection error is below 1 px. This is
not acceptable. Especially for the synthetic data, a thorough quantitative evaluation should
have been done. For the real data, a comparison is made with a “different” method, but it is
not revealed what the reference method is.

4. Minor justification and discussion on the results. Results are only listed in the tables, be-
side showing the reprojection errors of the targets in several images, and left without com-
ment. Reprojection error remains high for certain instances. The reasons are not discussed.
In conclusion, an optimization is mentioned as a suspect. However, it is unclear why it
always works on synthetic data and sometimes fails on real data. It should also be discus-
sed/analyzed, where the source of inacuracy is, e.g., an impact of target detection inacuaracy.
Degeneracy and minimal configuration should be discussed.



5. Review of the literature is missing.

6. The title promises multiple camera calibration, but a pair of cameras only was considered.
It should have been at least sketched how to extend the work to calibrate more than two
camera rigs.

7. The thesis would benefit from proofreading. The text is full of typos and grammatical errors.
Mathematical typesetting is not satisfactory. Matrices and vectors are typeset as scalars.
Notation is inconsistent, e.g., capital letters for 3D scene points are mixed with 2D image
points between Chapters 3 and 4.

In summary, considering the difficulty of the problem and Covid-19 pandemic restrictions that
certainly complicated work on the thesis, I suggest assessing the thesis

C — good.

Ing. Jan Cech, Ph.D.

Question for the defense:

1. The result in Fig. 3.2 indicates a systematic error in the calibration. The error vectors are
pointing to one side. Can you explain the observation?

2. In the first paragraph of Sec. 4.6, it is stated that there is a (length) ambiguity of translation
vector m. And that the ambiguity is resolved by measuring the real distance between the
cameras. What is meant by “the real distance between the cameras” exactly? I believe it is
the distance between camera projection centers. However, I have no idea how to measure this
distance in the real world. There are other distances in the scene that would fix the scale,
e.g., the calibration pattern size, which is easy to measure.



