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The thesis investigate into the adaptation of neural network on very little data. The key
points are (1) definition of adaptation problem and proposed solution by linear adaptation, (2)
assumption about neural network input which allows reduction of free parameters and (3) experi-
mental validation of proposed technique. The thesis has 104 pages divided into 10 chapters. This
review first deals with the technical content of the thesis, then summarizes its technical quality,
comments on the formal points and finally presents overall conclusion and recommendation tao
the committee.

Technical content of the thesis and remarks to chapters

Chapter 1 briefly introduces into speech recognition and points towards the issue of the thesis.

Chapter 2 specifies the goals of the thesis.
These two chapters are very short {about one page each) and could be merged.

Ghapter 3 presents speech recognition system. First, several feature extraction techniques are

I descrlbed standard MFCC feature extraction is followed by TRAP feature extraction including

its several modification. Finally, Bottle Neck feature extraction is outlined. Then the acoustic
modelling using HMM is introduced followed by definition of GMM and neural network obser-
~ vation probability functions. Next, language modelling is shown including N-gram and neural
network based language models. Finally, speech decoding technique is described and discussion
about evaluation of results is given.

This chapter can be seen as general introduction into speech recognition. But it goes into
too much detail in case of description of concatenation of elementary HMM models into a chain
of these models. Also, the description of neural network based language models seems to be
redundant as they are not used in the work. A note with citation would be fine. On the other
hand, the reader is missing the information about motivation of the author that is sentences like
“we will use there technique further”.

Chapter 4 is devoted to artificial neural networks starting with biological inspiration, going
through definition of perceptron unit to end-up with feed-forward and recurrent neural networks.
Great part of this chapter is dedicated to training of multilayer perceptiron networls with detailed
description of error back-propagation. Different methods for speeding up the training process are
described and discussed.

Again, the work goes into direction which will not be explored further in case of recurrent
neural networks and a specification of what will be used is missing. This would be helpful
especinlly in case of discussion of techniques for training speed up.

Chapter 5 describes the training of speech recognition system with regard to speaker adaptation.
The parameter normalization is discussed first, followed by acoustic model adaptation and finished



with speaker adaptive training. Discussion of presented techniques from the hybrid recognition
system and neural network adaptation point of view should be given.

Chapter 6 gives overview of current approaches to adaptation of neural network. Variety of
fechniques are introduced and their properties are discussed.

Chapter 7 describes proposed method for neural network adaptation. The solution takes into
account the neural network input features which allows to reduce the number of free parameters
in the adaptation matrix. Another parameter is employed to reduce the number of free parameters
further. This allows to train the adaptation matrix on very little data.

The amount of parameters is given as 2!7 - how much is it? Is the work supposed to be human
or computer readable?

Chapter 8 provides information about three databases the experiments will be performed on: the
Czech SpeechDat({E), TIMIT and Wall Street Journal phase 0. The phoneme sets are described
together with modifications made. Data used for training of phoneme language models are spec-
ified and the n-gram coverage given is provided. For Wall Street Journal database, also the word
language models were trained.

The reduction of phoneme set was done SpeechDat data set in such a way, that long and short
vowels were merged together. This might be fine for standard MFCQC features, but for features
which capture long temporal context, there is quite difference between long and short vowels,
Were some comparison experiments done regarding this phoneme set reduction?

Chapter 9 is dedicated to the experimental evaluation of proposed technique. In the first section,
preliminary experiments are done to verify the proper function of the adaptation technique.
Further experiments are done on WSJ data set. The reference {MFCC based) system is trained
and results are compared to other published ones. Synoptic table would greatly help to orient
the reader. Then the baseline neural network based system is trained and results reported. The
following sections are dedicated to individual scenarios of speaker adaptive training - supervised,
semi-supervised and unsupervised ones.

Section 9.1.1 mentions experiments with different structures and number of parameters in
neural network, but no further information is provided, neither the results are given.

When comparison with BUT system is given, the differences in phoneme set are mentioned.
A table with used phoneme sets would be helpful. Also, the used phoneme language models are
not mentioned. Were LMs used? What order?

The comparison with VTLN technigue (used methad for VLN factor estimation is not given)
is done on development version of the software. Is it possible to rerun the experiments with the
final version to allow for comparison of final results?

The results for WSJ are reported as “accuracy per sentence”. I must admit that I have never
encounter such measure. The definition of this measure is not given thus it is not clear what
the reported results actually are. Is it average accuracy per sentence? Percentage of correctly
recogniged sentences?

The confidence intervals are given for each experiment, however the number of repetition of
the experiments is not given. Neither is described how exactly the data were reordered. The only
hint is section 3.5.3 with general deseription of the methodology.

How are the values of i in figures 9.2 - 9.4 related to the values in corresponding tables 9.4,
9.8 and 9.97

Table 9.6. presents the results of rescoring lattices with another LM. What is the meaning of
rescoring lattice with lower n-gram LM than it is was generated with?

The result for optimal configuration of MELT and CF factor should be added to table 9.12 to
see the difference in performance. The discussion on additional improvement and computation



demand should be given.

The results using standard VTLN technique are missing for TIMIT and WSJCAMG data
sets. This is very important comparison as the proposed MELT technique does “the same” thing.
Results and computation demand and other advantages/disadvantages of both techniques should
be discussed.

Chapter 10 concludes the work and points the Mture ways of research.

Summary of technical content of the thesis

The thesis clearly demonstrates the qualities of the candidate - capability to study non-trivial
literature, suggest own novel solutions, implement implement and test them. Tt is also evident
that the candidate is skilled in software implementation. The critical points are the following:

¢ Sections which are not related to the problem solved in the thesis. A note with the pointer

to literature would be fine.

The developed neural network training software is not described at all. As its implemen-
tation is one of the goals of the thesis, a chapter/section devoted to it is expected. Also,
comparison of the software with other existing and freely available tools {QuickNet, SNet,
...} should be made in terms of achieved classification accuracy and time consumption.
{Other advantages should be discussed.

The comparison with standard VTLN technique is done only for one data set and with
development version of the software only. However this comparison is essentizl as both tech-
niques do “the same” thing. Considering other adaptation techniques suitable for the given
framework would be beneficial. Comparison of individual techniques in terms of achieved
improvements and computational demands would increase the benefits of the thesis.

It seems that the precise and careful work presented in the theoretical part of the work
faded out in the experimental part. I am missing proper discussion of the results. It seems
that the end of the work was done in hurry.

Note on goals fulfilment

Comments on the goal of the thesis as stated in sec. 2.1:

1.
2.

Fulfilled completely

Probably fulfilled. The software is not described but probably exists as the eandidate had
to obtain the results somehow.

Fulfilled completely.

. Fulfilled completely. One should be careful with the statements like “current techniques do

not work..." specially when “current” is not defined. The literature overview mentions a
publication solving the same problem by the same approach (e.g. linear adaptation matrix
on the input of the NN) with good results.

Fulfilled under reservations - the comparison with at least standard VTLN technique should
be given.

Fulfilled under reservations - the comparison with at least standard VTLN technique should
be given.



Note on results and original contribution of the thesis

As main results and contributions of the thesis are, in my opinion, the detailed literature survey
and proposed solution of NN adaptation problem for a particular situation (specific NN input).
The NN training software seems to be proprietary thus cannot be counted as contribution to
speech recognition community. Which in turn also limits the potential impact of the adaptation
method. ‘

Note on the candidate’s publication

Publication demonstrate the progress of the work.

Comments on the formal aspects

As far as T can judge, the thesis is written in proper English, easy to read and follow, with
reasonable number of typos. Sometimes there is too detailed description of an negligible problem
or sections devoted to problems not related to the solved problem. Motivation is sometimes
missing in the text, especially when several possible solutions is presented. To state which method
will be further used would be helpful.

The equations are carefully type-set, however different type of indices (or symbols used in
them) in the text and equation is confusing.

The captions of tables should contain the information about the measure WER/PER,/WACC...
one compact table comparing results over all experiments should be given in conelusion section
or the baseline results should be kept over all tables.

Summary and recommendation

I have carefully examined the doctoral thesis of Mr. Jan Trmal. Despite the criticism raised
above, in my opinion, it is a solid work that contributes to progress in speech recognition do-
main, especially in employment of neural networks into recognition systems. However, 1 wou.ld
recommend the following: ‘

e Include a chapter/section on the developed NN training software.
o Compare the results to standard VTLN technique.

To conclude, I do recommend the Thesis as a partial requirement for granting
Mr. Jan Trmal the doctoral degree at University of West Bohemia

In Brno, 13.6.2012

(‘/
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ZzpadoCeska univerzita v Plzni, fakulta aplikovanych véd, katedra kybernetiky

Posudek na diserta¢ni praci k ziskani titulu doktor v oboru Kybernetika
Ing. Jana Trmala

Vyuziti prostoro-&asové struktury piiznakovych vektora
pro adaptaci neuronovyeh siti

Ing. Jan Trmal se ve své disertaéni praci zabyvé metodikou adaptace neuronovych siti a
feénildd. Pro feSeni zvolil adaptivni trénovéini neuronovych siti pro alustické modelovani.
Prace je prisp&vkem k feSeni problematiky automatického rozpoznavani fedi.

Téma zvolené pro disertaéni préci je velmi aktudlni. Ret a jeji zpracovani je otdzkou
multidisciplindrni. Vyplyva to z podstaty feli. Proto se touto oblasti zabyvaji intenzivné
mnoh4 vyzkumnd pracovi§té na celém svété. Velky vyznam pfedloZené disertalni price je
nejen v mnoZstvi experimentd, ale také v tom, Ze rozviji a dile posunuje feSeni problému,
ktery spadd do jednoho z témat, kierymi se jiZ mnoho let tisp&8né zabyvaji ¢lenové katedry
kybernetiky na Fakultd aplikovanych véd ZCU v Plzni. Disertaéni price byla fe¥ena za
finan&ni podpory granti MSMT.

PouZité metody jsou moderni, podle dostupnych prament dosud pro éestinu nepouZivané.
Isou zaloZeny na rozsdhlych znalostech v mnoha oborech, jsou podepfeny velmi dobrym
matematickym zazemim. To vechno a je$t® velké mnoZstvi &asov& naroéné a nepopularni
monoténni price pii experimentech bylo zakladem celé disertadni prace. Vysledkem je
splnéni viech vytéenych cild. ‘

Ptfedkladana price je psana anglicky, ma rozsah 118 strdnek, je ¢lenéna do 10 kapitol a je
doplnéna rozsihlym seznamem prostudovang literatury (obsahuje 124 poloZek) a seznamem
vlastnich praci nebo praci, vnichZ je spoluautorem (16), abstraktem vobou jazycich,
obsahem, seznamem obréazkd, tabulek a pouZitych zkratek. V seznamu vlastnich praci je 9
- publikaci, na kterych se podilelo vice autori a ze kterych neni vidét spoluautorstvi disertanta.

Uvitala bych v t&chto pifpadech konkrétni oznadeni &dsti publikace, u které je skutetné
autorem. Chybi také publikace, kde je jedinym autorem. Podle mého soudu v3ak Ing. Trmal
publikoval dostatedny poéet praci na prestiZznich mezindrodnich konferencich, workshopech a
v &asopisech, coZ dokazuje nejenom autorovu schopnost védecky pracovat, ale i schopnost
informovat odbornou vefejnost o dosazenych vysledeich.

V préci se objevuje wrdita nevyvaZenost ve zplisobu a podrobnostech v popisu metod. Mém
na mysli pfedeviim &asti o umé&lych neuronovych sitich. Na jedné strané v pfehledu metod
zaloZenych na ANN chybi podrobn&j&i popis architektury a pouZitého algoritmu udeni
(kapitola 3), na druhé strang popisuje velmi podrobné& (5,5 stranky) zdkladni algoritmus uéeni
zpétného &ifeni chyby (BPG) i pies to, Ze tento algoritmus je dnes uZ popsan v mnoha
publikacich a disertant tuto zékladni variantu BPG uéenf nepouZiva (kapitola 4). Takovy popis
bych odekavala v diplomové prici, ale ne v praci disertani. MiZe to byt zplisobené tim, Ze
vic neZ polovina uvedenych prament pochédzi z 90-tych let, kdy aplikace ANN nebyly jesté
tolik rozsirene a algoritmy udeni byly méng znamé. Od té doby se vSak metodika neuronovych
sfti rozvijela velmi rychle, stejn& tak rostl velmi rychle pocet publikaci v tomto oboru.

Po formélni a technické strance je pfedklddani prace na velmi dobré trovni. Je psdna
prehledng, autor prokézal schopnost pracovat tviiréim zpiisobem. Také logicka stavba prace je
na velmi dobré urovni. Vysokou kvalitu pongkud snizuje pili§ asté pouZivani zkratek,



z nichZ nékteré nejsou v textu vysvétleny ani se nevyskytuji v Seznamu zkratek nebo jsou
vysvétleny aZ v daldich opakovanich. Tento fakt plisobi negativné na ctendfe disertaéni préce.
Podobné to plati u znafeni proménnych, které neni jednotné. Pravdépodobné je ponechéano
stejné, jako v phvodni publikaci, ze které je pfevzato. Je sice pravda, Ze v oblasti ANN
neexistuje norma pro znafeni promé&nnych, pro lepsi srozumitelnost pii studiu predloZené
disertatni prace by bylo vhodngjsi, aby autor znaceni proménnych u riiznych variant u€eni
sjednotil. P¥i &teni textu jsem méla misty dojem, Ze je text zkracovan a ndkteré Casti jsou
vynechany.

Pii posuzovani jazykové \irovné méam pripominku k abstraktu v feském jazyce. Autor
obcas pouZiva slovosled a slovni tvary, které jsou chybné z pohledu deské gramatiky. Je
ziejmé, Ze se jednd o Spatny pieklad z angli¢tiny, ve které je disertaéni prace napséana.
K trovni angliétiny se nebudu vyjadfovat, nejsem rodiléd mluvéi.

K praci mam nékolik pfipominek a dotazi. Mezi ptipominky patii naptf. konstatovani, Ze:

e Publikace [5] a [8] uvefejnéné v Lecture Notes in Computer Science 6231 (2010)
maji uvedeno jednou ISSN, podruhé ISBN a v publikaci [15] je Casopis se stejnym
ISSN uveden jako Lecture Notes in Artificiel Inteligence. Bylo by vhodné zpisob
citaci sjednotit.

o Pro zpracovéni feéi je vhodn&j$i uvaZovat relurentni vazby mezi vystupni a skrytou
vrstvou, mezi vystupnf a vstupni vrstvou resp. mezi skrytou a vstupni vrstvou.

» Str. 26, 1.véta odstavce 4.5. — Prenosova funkce v MLP miZe byt linedmi, jedina
podminka pro volbu pienosové funkce u tohoto udeni je, aby byla diferencovatelnd a
vstupni data musi byt separabilni. Linearni pfenosova funkce se &asto u realnych
aplikaci pouZiva ve vystupni vrstve.

» Str. 27 — Pisete, Ze pouZitim funkee ,.tansig"” trenink rychleji konverguje. To nenf tak
jednoznacné. Pocet matematickych operaci v algoritmu udeni, které se nastavuji a
ovliviiuji jednak rychlost konvergence, jednalk Gsp&3nost natrénovéni, je u této funkce
vetsi (napf. vypocet 4 exponencial u ,tansig® oproti 1 exponenciale u ,logsig®.
Vypolet vjedné epoSe tedy trvd déle. Navic ne vZdy je rychlost konvergence
nejdileZitéjsim parametrem, ktery sledujeme. BéZné pouZivané varianty BPG
algoritmu u MLP vedou vétSinou k nalezeni pouze lokdlnich minim a pfi velké
rychlosti konvergence miiZe byt ,,preskoceno” nejlepsi lokalnf minimum.

s Sir. 29, paragraf 4.6.2. — pfi obecném popisu trénovéni je nuiné uvaZovat i vypodet
prahit (ne pouze synaptickych vah).

e Str. 55 — vrovnicich (6.10) a (6.11) jsou matice opravdu stejné? Neni chyba ve
znaceni?

e V textu neni odkaz na obr. 6.2. (str.56).

o Sir. 82, paragraf 9.1.1. — Postup, ktery uvadite v odstavei ,,Regularization Influence® je
mmamy z metod klesténi ANN a dnes uZ je , paragraf souddstf{ nékterych variant
modifikovaného algoritmu uéeni BPG.

= Newrozumim tomu, co plyne z textu na str. 88, paragraf 9.3.1. Zd4 se mi opét, Ze text
je vytrZen z kontextu n&jaké vét# prace. Bylo by vhodnéj§i uvidét posloupnost
dosaZenych vysledkd v uvedenych publikacich chronologicky. Pak by bylo ziejmé, ze
novéj$i metody vychézeji ve srovnani jako lepSi.

Dotazy k praci mam nésledujiei:
1) Co je ,,aktivaéni hodnota skryté a vystupn{ vrstvy“? Co je ,,maly poget neurond ve 2.
skryté vrstveé“? —str. 11



2)

3)

4)

5)

Vysvétlete podrobnéji, jak funguje proces Parallel Hidden network. Z obr. 6.1, na ktery
se odkazujete, neni ziejmy rozdil od standardni metody (str. 55). K modifikaci
parametril dochazi jen v paralelni vrstvé? Nejedna se o ¢asteéné relurentni Elmanovu
sit’ ( s rekurenci mezi vystupni a skrytou vrstvou)?

Vysvétlete tvorbu poZadovanych hodnot (target) — str. 51. Podle Vas plivodni vstupni
vektor projde v dopfedném sméru na vystup a stane se targetem. Jedna se tedy pouze o
jeden prichod siti, bez modifikace vah pomoci algoritmu BPG? Vstupni vektory pro
uréeni targetu jsou generovany nadhodné? Uvazoval jste vliv koartikulace v fe€i? Vami
citovany autor (Anthony Robins) pouZil tento zplsob také pro trénovéani fecového
signalu?

Vysvétlete princip Wilcoxonova testu (str.84,85). Co znamena koeficient ,,¢"? Na str.
45 je nazyvan ,warping coef. a jeho hodnota je v rozmezi <0,88; 1,12>, ale na str. 84
ma hodnotu 0,003.

Jak vypadé architeltura siti cANN(0) a cANN()? Co je inicializace SPK(0) na str.
927

Na zavér konstatuji, Ze i pfes uvedené nedostatky, které nejsou zasadniho razu, Ing. Jan
Trmal projevil schopnost samostaing védecky pracovat. Oceiluji, Ze se nespokojil pouze
s pfebirdnim a opakovanim vZitych zavérld, ale ma odvahn hledat nové sméry a metody ve
vyzkumu. To povaZuji za velmi vyznamnou vlastnost védeckého pracovnika. Hleddni novych
postupll je ale podloZeno usilovnou praci a dosdhl velmi dobrych vysledki.

Na zdkladé prostudovani praice mohu konstatovat, Ze vyttené cile byly splnény. Proto
diserta¢ni prici doperutuji k obhajobé a po jejim tlspé&ném obhdijeni k udéleni titulu

Ph.D.
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V Praze, 24.10.2012 Prgf. Ing. Jana Tuckova, CSc.

Katedrg teorie obvodad
FEL CVUT v Praze



