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Nazev prace: Automatické rozpoznavani znakového jazyka z obrazovych dat
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Vyzkumna prace studenta, jejiz priib&h a zavéry jsou popsany v disertacni praci, je zaméiena
na vytvofeni systému automatického rozpoznavéni znakového jazyka z obrazovych dat. Téma
prace je aktualni a zajimavé, nebot’ v této oblasti vyzkumu existuje mnoho nezodpovézenych
vyzkumnych otazek. Aplika¢ni potencial vyzkumné prace je vysoky, pfedevsim v komunikaci
sluchové postiZenych osob s po&itatem &i osobami, které neovladaji znakovy jazyk. Vyznam
disertadni préce pro dany obor je vysoky, pfedeviim z pohledu mnozZstvi provedenych
experimentil, které porovndvaji réizné pfistupy parametrizace data pro rozpoznavani
izolovanych slov a spojité feci.

Vytyéené cile disertani prace obsahuji sedm bodd, pfi¢emZ tfi znich jsou zaméfeny na
vlastni pfinos studenta k danému oboru. Jednd se pfedevsim o vylepSeni metody detekce a
sledovani rukou a hlavy ve video zdznamu, prozkouméni moZnosti vyuziti pod-jednotek pro
rozpoznavani a vytvoteni systému pro vyhledavéani na zékladé piikladu. Ostatni cile jsou
zaméfeny na vytvofeni korpusi vyuZitelnych pro automaticky systém rozpoznavani Ci
porovnani riiznych parametrizaci pro rozpoznévéani znakového jazyka.

Viechny vyty&ené cile byly splnény a jsou dostatetnd v disertani praci popsany. Student
prokazal schopnost védecké prace predeviim velmi kvalitni volbou metod jak pro samotné
feseni problému, tak pro zhodnoceni a vyhodnoceni ziskanych poznatkil. Metody pouZité pro
detekci a sledovani rukou a oblideje, metody parametrizaci a metody pro rozpoznavani
izolovanych slov a spojité fedi odraZeji aktualni stav poznani. Student vytvofil systém pro
automatické rozpoznavani izolovanych znakd pro laboratorni podminky, ktery dosahuje
tisp&$nosti rozpoznévani zavislém na fenikovy pies 93% a pfes 34% pro rozpoznavani
nezavislé na fe¢nikovi pro korpus SLR-P.

Hlavnim vysledkem disertaéni prace je vytvofeni dvou databdzi izolovanych znakd,
vyuzitelnych pro porovnani rGiznych piistupd automatického rozpoznavani znakové feci a
samotné srovnani a dikladného zhodnoceni vysledkd a velkého mmnoZstvi parametrizaci
obrazovych dat pro rozpoznavaci proces. VSechny vysledky prace jsou dostaten& popsany a
analyzovany. Vyzdvihuji pfedeviim systemati¢nost a preciznost pfi zpracovani velkeho
mnoZstvi experimenti a jejich ptehledné vyhodnoceni s diskusi. Vlastni piinos studenta
spatfuji ve zdokonaleni metody detekce a sledovani rukou a hlavy ve video zaznamu, kdy
student vytvofil vlastni metodu, kterd dosahuje lepSich vysledkdi neZ metody stévajici.
Z vyhodnoceni experimentdi oviem plyne, Ze piinos vytvofené metody je pouze u
rozpoznavani provedeném na korpusu SLR-A nezavislém na fe¢nikovi. Druhym hlavnim
vlastnim p¥inosem je vytvofeni metody pro identifikaci pod-jednotek a jejich vyuZiti pro
rozpoznavani. Vytvofeny postup prokazuje vylepSeni oproti zdkladnimu systému, ovSem
zdaleka nedosahuje vysledkil rozpoznavani zaloZeném na modelovani celych znaki.

Formalni a jazykova tprava je velmi kvalitni. Test prace obsahuje minimélni mnoZstvi chyb.
Clenéni prace je logické a prehledné.



Student predklada v praci prehled 22 publikaci. U péti publikaci je student uveden jako hlavni
autor. V&tSina publikaci je publikace ve sborniku zkonference, kdy nékteré znich patfi
k vyznamnym v oboru. Pouze &ast publikaci je pfimo vztaZena k feSeni a ciliim disertalni
prace a proto je disertani prace hlavnim zdrojem informaci.

K praci mam nasledujici pfipominky:

Kapitola 5.1.5 obsahuje popis metody ,,Active appearance model®, kterd je pouZita i
pro nésledny popis vyrazu tvafe. N&ktera implementace této metody, fesi i problém
s detekei obliceje v pripadé piekryvi. Tato implementace by byla velmi vhodna pravé
pro rozpoznavani znakového jazyka.

Kapitola 6.1 — V kapitole je zmifiovano, Ze viechny metody pouZité pro rozpoznavani
skorpusem SLR-A a SLR-P je moZné pouZit i pro ostatni korpusy, které
zaznamenavaji jednoho fe¢nika z Eelniho pohledu. Toto tvrzeni je odvazné, nebot
ostatni korpusy mohou byt zaznamenény za znaéné odliSnych podminek a metody
detekce a sledovani rukou, & parametrizace mohou selhévat.

Kapitola 6.2.4 popisuje problému pouZiti metody AAM pii &astecném prekryvu
obli¢eje. Je zde zmitovano, Ze metoda vytvofend studentem pro odliSeni rukou a
oblideje pfi vzdjemném prekryvu tyto problémy fe§i. Metoda ovSem nahrazuje
skuteény tvar oblideje pii prekryvu prim&mym tvarem oblicejl z oblasti bez piekryvu.
Pii prekryvu je tedy zbytetné vyuZivat metodu AAM, nebot’ nedochdzi k ziskani
74dné nové informace. Déle je v kapitole uvedeno, Ze popisoval aam-ext eliminuje
pouZiti parametr zavislych na fetnikovi. Popisovaé aam-ext ovSem obsahuje
parametry jako vyska a $fika vng&jsi hranice rti, kterd je bez normalizace zavisla na
fenikovi.

Kapitola 6.3.3 — V kapitole je diskutovano zhorSeni vysledkt rozpoznévani pfi pouZiti
nemanualni slozky (vyraz obli¢eje). Problém je vysvétlovan tim, Ze popis vyrazu
oblideje obsahuje vice informaci o pohybech hlavy, které nemaji vztah
k znakovanému slovu a tim padem se jedna o $um. Variace ispéSnosti rozpoznavani
z jednotlivych opakovani experimenti by mohla byt voditkem, zda je toto vysvétleni
spravné.

Kapitola 6.4 mé nazev rozpoznavani znakového jazyka pro spojitou fe€. V kapitole je
ovSem popisovan piipad pospojovéni izolovanych znakt, na kterém jsou provad€ny
rozpoznavaci experimenty. Tento simulovany piipad miZe byt oviem velmi vzdalen
od realné spojité feti, nebot’ nejen okrajové &asti znaku, ale i samotna centralni Cast
znaku miiZe u spojité fe¢i zna¢né odlisna z divodu navaznosti znaki a rychlosti jejich
znakovani.

Celkové hodnotim préaci jako velmi zdafilou. Srovnani mnoha metod parametrizace piinasi
nové poznéni pro danou oblast. Je $koda, Ze se student nesoustfedil na vylepSeni metod pro
parametrizaci dat pro piipad rozpoznavéni nezavislém na fecnikovy, kde metoda selhava a
vénoval se dal§im &astem jako naptiklad vyhledavani podle vzoru. V préci také postradam
porovnani isp&§nosti rozpoznavani pfi vyuZiti 3D pozic rukou a 2D pozic rukou na které je
pouzivany korpus ptipraven. Toto srovnani by objasnilo vhodnost pouZiti novych zafizeni
jako naptiklad Kinect pro redlné nasazeni tohoto systému.

Autor ve své disertaéni praci prokazal schopnost samostatné védecké prace v daném oboru.
Z tohoto diivodi doporuéuji disertacni praci k obhajobé.

V Novjch Hradech, dne 21.82013  eeeeeenen. C‘L"\/ ..........

Ing. Petr Cisaf Ph.D.



Review of Dissertation Thesis
Automatic Sign Language Recognition from Image Data

submitted by Pavel Campr
at the Faculty of Applied Sciences, ZCU in Pilsen

The thesis was completed in December, 2012. It is written in English and has 105 pages.

Scientific background of the thesis:

As speech technology is getting more and more advanced, researchers focus on more
specialized and more challenging tasks. One of them is sign language recognition. The
systems for sign language recognition do not have wide commercial use, but they can
help deaf people or people with a hearing handicap mainly in interaction with a computer.

Main objectives of the work:

The thesis of Pavel Campr deals with the design of a system for automatic sign
language recognition. The author focuses mainly on developing and testing methods and
algorithms for sign language feature extraction, hand tracking from video recordings of
sign language and feature selection and fusion. The resulting set of features seems to be
useful for sign language recognition. I appreciate greatly the effort Pavel has put into the
creation of special databases of different forms of sign language, a very time-consuming
task. He is the co-author of the Czech sign language online dictionary and he has
developed a system for data-driven construction of sub-units for sign language
recognition.

The state of the art is described briefly in the thesis. In the introductory part
(chapter 3), the author briefly describes the sign language and its use in human - computer
interaction. Chapter 4 is about sign language video databases. Two such databases were
also made at the Department of Cybernetics and Pavel Campr is one of the authors. In
chapter 5, he describes several approaches and methods of video analysis, where it is
necessary to solve the problem of skin color, face detection, hand and head tracking and
extraction of features. Here, the author uses methods and algorithms already known from
image and signal processing, e.g. histogram of oriented gradients, local binary patterns,
active appearance models, principal component analysis etc. Section 5.2 describes sign
modeling by HMM and section 5.3 is about language modeling. The equations in section
5.4 describe sign decoding methods and accuracy evaluation. The last part (5.5)
introduces the system search-by-example for searching in sign language corpora. In
chapter 6, the author presents two original systems for sign language recognition: the one
of isolated signs and the one of continuous speech. The evaluation of these systems using
his own databases is presented in this part too. The results (accuracy/correctness) obtained
during single experiments are very good, owing to the complexity of the recognition task,
but it is necessary to say that both the databases for experiments are relatively small.

Methods and methodology:

The thesis demonstrates that Pavel Campr has become familiar with all the basic
concepts and algorithms used in image and signal processing and recognition. All the
described methods and algorithms are well designed and it is clear from the results that
they are useful and robust enough for sign language recognition of isolated signs or
continuous speech.



Results and achievements:

In his thesis, Pavel Campr presents the results of several experiments to demonstrate
how his systems for sign language recognition function. The author has done a lot of
research work, obtained interesting results and proposed several original methods, e.g. a
novel hand tracking with face occlusion handling or data-driven construction of sub-units
for sign language recognition. The results shown in tables and graphs are of sufficient
informative value and it appears that it will be possible to use these systems in real
conditions, e.g. in informative kiosks for deaf people or people with impaired hearing
who use sign language. However, the thesis does not include any comparison to other
systems for sign language recognition, which is the weak point. Otherwise, the results are
presented clearly, with detailed description and discussion, and they are well illustrated
with abundance of images, graphs, and tables.

Scientific contribution of the thesis:

The thesis introduces several algorithms for feature extraction, fusion and hand
tracking from video images and their use in sign language recognition. These algorithms
and methods appear to have good potential for practical application. The text of the thesis
is clear, well organized and contains minimum typos. However, strangely, pages 4, 12,
20, 44, 82, 86, 98, 102 are completely blank and they do not have page numbers. I believe
this is due to inattention while typing.

As to Pavel Campr’s publishing activity: So far, his list of papers contains 23 already
published conference or journal contributions relevant to his thesis. Several of them are
indexed in the ISI - Web of Knowledge database. This clearly shows that his research has
been known to the community.

Conclusion:

The author of the thesis has proved ability to conduct research and to obtain original

scientific results. I recommend the thesis for presentation with the aim of receiving the
degree of Ph.D.

Questions:

1) Have you ever tested any other fusion methods, such as those discussed in part
5.14? Would it be appropriate to use weights for single streams?

2) It is presented in chapter 5.1.1 that you used similar rules and thresholds for skin
color segmentation to those described in Kovac’s paper. How successful is this
method with people with darker color of the skin? Did you use any other method
for skin color segmentation? With what success?

In Liberec, March 19%, 2013 %
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