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1L EBVALUATIONTRITERIAT

Thesis@ssignment tomplexity: T ratherdifficult @ssignment 1

(haracterizethisTinal thesis in'detail:and itsrelationships to previousor urrent iprojects. Gomment ‘what ‘isdifficult about thisthesis {in
case'of a moredifficult thesis, you may overlook someshortcomingsthat iyouwould not in case bf ‘an'easy@ssignment, and'onthe’”
contrary, With'an easy assignment Those shortcomings should be evaluated moreatrictly). )

The aim of the'thesis' was to' design, implement, and: experimentally evaluate a _deep.neural network! for. semantic:
segmentation©f urban growth {man-made structures)in Satellite images. Beside the deepnetwork, resultingpipeline had to’
includeimage pre-processingalgorithmsto cope with input imagesof varying quality, fesolution, and iumber of channels ds:
well‘as environmental effects.: R ate-of-the-art framework from Google, the TensorAow, was fecommended for the actual!
implementation. Semanticisegmentation isione of the more difficult tasksin!computer vision and deepilearning..Due toivery
high variancein’satellite images and complex theory behind'deep!neural networks, T ¢consider 'these thesisaimstobe more
demandingthan Sommon practice.: |

|

7

Fulfilment of the@ssignment : TN fulfilled Withminor Gbjections

Assesswhether thethesis meetstheiassignment statement. In.sommentsindicate parts of theiassignment that havenot ibeenfulfilled, |
completelyoripartially, iorlextensionsiof the thesisbeyond theloriginaliassignment. If theiassignment Wasnot(completelyfulfilled, tryto!
assesstheimportance, impact, and possibly'also theireasoniof theinsufficiencies.

There were four main poi ntstobeiconsidered in _"rhef’asﬁghment ‘statement: ©

1.i2udy the state-of-the-art literature relevant to theithesis (fulfilled fullyiin ¢hapters2:and 3).:

2. Explore thei TensorRow frameworki and use! it ‘with_Python to dlesign,!implement and’ evaluate a: deep/heural ‘hetwork:
(fulfilledfullyin chaptersBland 7; two network architectureswereimplementediin TensorFow(and @evaluated).!
3.[Foriexperimental @valuation:use publidyavailable'datasets andicomparethefinal performancetogiven {iterature{fulfilled:
with” minor: objectionsi in_chapter 7; independent. testing tataset, including: Bnnoctations, was treated to’ demonstrate
generalization tapability of the proposed modelsto Unseenimages).. |

4./ 8uggested approach: re-implement the VGG architecture into TensorAow and its fractionally-strided zonvolution version
(the'suggested approach was successfully taken, validicondusions and fecommendationswere presented).

My first objection’¢oncernsthe mumber of instances that were considered for segmentation, i.e. the roadsonly. With the:
deep net architectures implemented:andithanks to availably: of labelled  datasets, the task of urban growth gould easly be
extended to'buildings as well. My second objection.concerns the actual éxperimental evaluation. Better performance could”
bereached by exploiting algorithmic approach to hyper-parameter search (not doingit manually). Furthermore, usinglarger:
training dataset {including'data’ augmentation) and letting it train for:longer periods could also lead to better results, My
third objection concernsthe environmental effects, such as’presencedf douds, that Were not addressed in the thesis at all.”
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Activity: T T T B3ve od

ﬁss%swhether theStudent was active.during the dourse of the final thesis, whether hemet the'given deadlines, attended donsultations:
and was adequately prepared for project meetings and reviews. Asses student’s abilityof individual ‘creativework.

I"appreciate the vast amount of literature and state-of-the-art papers the student studied, induding the C231 Open’
Sanford course on deep learning. The:student was very active and creative, always prepared. My only minor objection’
concerns the underestimation of the time necessary for the actual experimental évaluation, since learning deep networks
requires both computation’power and sufficient time. This negative affected theiachieved performance. Better resultscould
have been achieved if more time was spend for example on implementing algorithm for hyper-parameter funing and 'then
havingsuffident timefor executing the 8xperiments.

3

Fact ual andlogical Tevel of the thesis: T B=%erygood

Assesswhether thethesisis correct astoithefacts or if thereare factual errorsiand inaccuracies. Bvaluatefurther thelogical structureof
thethesis, linksiamong:the tchapters, andihe tomprehensibility of thetext forareader.

The'thesisisverywell structured, well written, easy to follow, and respects the Gommon practice in scientificliterature. I
appreciatethe level of implementation detailsthat ‘can aid the reader toTeplicate the proposedsolution. Alsoall the metrics
used foriexperimental valuationirespect the'recent practice in the state-of-the-art literature. However, thereare several
minor objectionsthat have to benoted::

1."Some ‘sectionsin the'theoretical'part over unnecessary details that should betteribe only referenced; theoretical ‘part’
couldhencelbeishorter. .

2..More space’ should be devoted to. the actual experimental evaluation, but: the Future work: section s very. much
appreciated.’

3.[Datareview chapter should include only description of the Usedidatasets; any.condusions:should be moved into the final:
chapter.”

7]

FormalTevel of the Thesis I LTI ATBxcellent ™

]
Assesstheitorrectness'of formalismshsed inthethesis, thetypographical andTinguisticaspects.[]

Some of the referencesare’misplaced after the end of the sentence. 1'very much ‘appreciate the LaTex template.

3

Bibliography T T ATExcellent ]

Evaluatethestudent's activity iniacquisition and use of studying materialsin histhesis. Characterize theghoice of the'sources. Discuss:
whether theistudent used all relevant sources, or whether heiried to solve problemsthat were@lreadysolved. Verifythat all lements |
takenfromother Sourcesare properly differentiated from his own:results and:contributions. Comment if thereWasa possibleviolationdf
theditation'ethicsand if the bibliographical Feferencesare complete and in‘tompliance with ditation standards, 7]

The thesis contains 49 referencesto publically available scientific publications (or ‘other sources); even referencesto papers
published very recently in"2016 are induded. However, it has to be hoted that due to veryrapid development and vast’
amount of literature being published in the field of deep-learning évery month, what is currently in the thesis considered as
state-of the-art might very soon become dutdated.
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Otherdomments’]

Assessthelevel of applicability, technical quality, replicability of the experimental part and publication potential.

-

The resultsare pleasing, however, the thesis confirmed that it is very difficult o achieve good generalization capabilities for’
deep’ hetworks when' deployed. to! satellite. imagery.  This' suggests. the_applicability is rather' limited to region’ spedific
networks.'Dueto sufficient technical detail in the thesis, the presented Tesults could easily be replicated. The contribution
presented in‘thethesis doesnot reach Tevel sufficient for publication.

i b

1

. OVERALL EVALUATION]
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Overall Bvaluation©f theTinal thesisis TB=Verygood.
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II EVALUATION

Difficulty of the asmgnment

The aim of the master thesis is to design, implement and experimentally evaluate deep learning
algorithm, a variation of a neural network, which can label urban areas (man-made structures) in
a satellite image. Both the application of deep learning and semantic segmentation of images are highly
studied problems in the scientific community. Therefore, the master thesis assignment presents a very
L reIevant topic of mterest of adequate difficulty. |

Fulflllment of the asmgnment

The main thesis requirements were fulfilled and the work meets the complexity and quality criteria of
a master thesis.

Extent of the thesis

The work addresses the topic very well by studying the required theory and current state of the art
solutions, obtaining and preparing the data needed to fulfill the assignment, designing and implementing
of several deep learning architectures, and providing sufficient experimental evaluation. Author presents
his ability of working with recent findings and research papers in the the presented field and covering all
the needed steps in the development of a machine learning algorithm. The implementation is done in
Python and an open source library for numerical computation TensorFlow; recently a frequent choice for
many machine learning practitioners. Out of the many choices of segmenting regions of man-made
structures, author chooses to segment roads in a satellite image. This could be considered as
a straightforward task, however, despite the success of applying deep learning in the field, there are still
opportunities for further improvement. My only suggestion would be to address better the problem of
generalization of the algorithms to unseen data and comment on dealing with environmental effects - one
ofthe main challenges of satelllte imagery analysus

| Formal level of the thesis

' The thesis is carefully written and generally easy to read. It presents selected research topic in three main
' chapters further structured into several sections. However, the work the analysis common practice and

, author’s contributions and implementation details is sometimes merged in a less intuitive way. According
| | to my opinion, these should be separated. A few wrongly used citations occur in the text. In few places,
| ' the ﬂow of the presented sectlons and paragraphs could be reorganized.
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lll. OVERALL COMMENTS AND QUESTIONS

In overall, the thesis presents very well the topic of analyzing satellite imagery by the deep learning
methods. | would like to point out author’s ability of working with current scientific results and
implementing them in the open source software frameworks.

Previously mentioned shortcomings are definitely not critical for the final outcome of the thesis.
Therefore, | recommend the defense of the thesis and | suggest the grade B.

Questions:
1) Environmental effects

Environmental effects in satellite imagery, such as frequent cloud cover, were not addressed in the thesis.
What kind of such effects can you expect in satellite imagery and how would you propose to deal with
those?

2) Generalization to other data

One of the main goals when designing a machine learning algorithm is how well it generalizes to unseen
data. Can you comment on improving the model in order to generalize better to satellite imagery unseen
both in spatial and time domain?

Prague, September 8, 2016 Ing. Jakub Simének, Ph.D.
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