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Abstrat

International researh and global statistis have shown that 1.5% of hildren

up to the age of 20 years have redued auditory ability, 1 in 22 hildren of shool

age have impaired hearing, whih means that in nowadays in Europe there are

about one million hearing-impaired hildren, while in the U.S. 12,000 hildren born

annually or 33 hildren a day with hearing loss. In Greee, statistially hard of

hearing hildren are estimated at about 80,000. These data lassify the hearing loss

�rst among the diseases of newborns. It is often, people with hearing loss to have

problems with their ommuniation skills. Beause of the lak of audio feedbak

the speeh prodution system is not developed normally. Sine deaf people annot

hear themselves speak, they annot tune their voies to a more 'orret' sounding

tone. More generally they annot ontrol their speeh prodution system (tongue,

teeth et) properly, beause they annot realize whih is the right way to do it. As

a result they speak too loud for the vowels or they are misartiulating onsonants.

However, a person who went deaf later on in life, has a better hane of being able

to speak more properly. So, everything is a matter of feedbak.

The purpose of this thesis is to introdue a new approah of speeh therapy

multimedia tools based on the state of art web tehnologies and taking into aount

the speial harateristis of hearing impaired people, in order to help them aquire

better ommuniation skills. This approah is taking advantage of speial speeh

properties suh as intensity, pith and spetrograms using them as visual feedbak,

in order to teah a person with hearing loss how to improve ontrol of his voie.

More spei�ally we developed a web site platform, where the user an login

and pratie with a olletion of web-based voie games, through browser in real

time. The tehnologies whih were used for the implementation of our games is

Java, Javasript, HTML5, CSS3 and frameworks like Apahe Shiro and Hibernate.

The database whih is used is MySQL and XAMPP as web server. Voie is analyzed

and onverted to visual feedbak. Eah game ould be played with a logo-therapy

supervisor or even by user himself. Sore of eah game, is alulated and is sent

to our web server for saving and statisti proessing. In the end, user performane

in the passage of time is displayed through graphs in real time. A logo-therapy

supervisor ould use these speial graphs to spot possible weaknesses and propose

modi�ation of game targets as neessary. Furthermore, the evaluation of our plat-

form is performed by speialists in speeh therapy. Finally, omparison between

state of art tehnologies (HTML5, JavaSript) and older, suh as Java, in terms of

�exibility and performane is taking plae.

5



Περίληψη

Διεθνείς έρευνες και παγκόσμιες στατιστικές μετρήσεις έχουν δείξει ότι 1,5
% των παιδιών μέχρι την ηλικία των 20 ετών έχουν μειωμένη ακουστική ικανότητα
ενώ 1 σε 22 παιδιά σχολικής ηλικίας έχουν προβλήματα ακοής. Το γεγονός αυτό
φανερώνει ότι σήμερα στην Ευρώπη υπάρχουν περίπου ένα εκατομμύριο παιδιά με
προβλήματα ακοής, ενώ στις ΗΠΑ 12.000 παιδιά γεννιούνται ετησίως με απώλεια
ακοής. Στην Ελλάδα τα βαρήκοα παιδιά υπολογίζονται σε περίπου 80.000. Τα
στοιχεία αυτά κατατάσσουν την απώλεια ακοής στην πρώτη θέση μεταξύ των ασ-
θενειών των νεογνών. Είναι συχνό φαινόμενο, τα άτομα με απώλεια ακοής να έχουν
προβλήματα σε επικοινωνιακό επίπεδο. Λόγω της έλλειψης της ηχητικής ανατρο-
φοδότησης του εγκεφάλου των παιδιών, το σύστημα παραγωγής ομιλίας τους δεν
αναπτύσσεται κανονικά. Δεδομένου ότι τα κωφά άτομα δεν μπορούν να ακούσουν
την ομιλία τους, δεν μπορούν να συντονίσουν τις φωνές τους σε ένα πιο «σωστό»
ήχο. Στην πραγματικότητα αδυνατούν να ελέγξουν τα όργανα παραγωγής λόγου
(γλώσσα, δόντια κλπ.) σωστά, επειδή δεν μπορούν να συνειδητοποιήσουν ποιος
είναι ο σωστός τρόπος για να το κάνουν. Ως εκ τούτου μιλούν πολύ δυνατά για τα
φωνήεντα ή παράγουν λάθος τα σύμφωνα. Ωστόσο, ένα πρόσωπο που έχασε την ακοή
του σε μεγαλύτερη ηλικία, έχει μεγαλύτερη πιθανότητα να μιλήσει πιο σωστά. ΄Ετσι
καταλήγουμε στο γενικότερο συμπέρασμα ότι τα πάντα είναι θέμα ανατροφοδότησης.

Ο σκοπός αυτής της διατριβής είναι να εισάγει μια νέα προσέγγιση των ερ-
γαλείων λογοθεραπείας με βάση την χρήση πολυμεσικών διαδικτυακών τεχνολογιών
λαμβάνοντας υπόψη τα ιδιαίτερα χαρακτηριστικά των ατόμων με προβλήματα ακοής,
ώστε να αποκτήσουν καλύτερες δεξιότητες επικοινωνίας. Η παρούσα προσέγγιση αξ-
ιοποιεί τα ακουστικά χαρακτηριστικά του λόγου, όπως την ένταση, το ύψος και τα
σπεκτρογράμματα χρησιμοποιώντας τα ως οπτική ανατροφοδότηση, προκειμένου να
διδάξει ένα άτομο με απώλεια ακοής πώς να βελτιώσει τον έλεγχο της φωνής του.

Πιο συγκεκριμένα έχουμε αναπτύξει κατάλληλο διαδικτυακό χώρο, όπου ο χρήστης
μπορεί να συνδεθεί και να εξασκηθεί με τη συλλογή από διαδικτυακά παιχνίδια του
λόγου. Οι τεχνολογίες που χρησιμοποιήθηκαν για την υλοποίηση των παιχνιδιών είναι
η Java, Javasript, HTML5, CSS3 και frameworks όπως το Apahe Shiro και το Hi-
bernate. Η βάση δεδομένων που χρησιμοποιήθηκε είναι ηMySQL και ως διαδικτυακός
εξυπηρετητής ο XAMPP. Τα παιχνίδια αυτά εκτελούνται μέσω του προγράμματος
φυλλομετρητή και αλληλεπιδρούν με τον χρήστη αναλύοντας μια ξεχωριστή ιδιότητα
της φωνής του σε πραγματικό χρόνο. Κάθε παιχνίδι θα μπορούσε να εκτελεστεί
υπό την εποπτεία μιας ομάδας λογοθεραπευτών ή ακόμα και από το χρήστη τον
ίδιο από οποιαδήποτε τοποθεσία. Οι βαθμολογίες κάθε παιχνιδιού, υπολογίζονται και
αποστέλλονται στο διαδικτυακό εξυπηρετητή μας για να αποθηκευτούν και να επεξερ-
γαστούν στατιστικά. Στη συνέχεια, η απόδοση των χρηστών στο πέρασμα του χρόνου
εμφανίζεται σε πραγματικό χρόνο μέσω γραφημάτων. Οι επόπτες λογοθεραπευτές, θα
μπορούσαν να χρησιμοποιήσουν αυτά τα ειδικά γραφήματα για να εντοπίσουν πιθανές
αδυναμίες και να τροποποιήσουν τους στόχους του παιχνιδιού καταλλήλως με απώτερο
στόχο την ακόμα μεγαλύτερη βελτίωση του χρήστη. Ακόμη η συλλογή των παιχνιδιών
μας παρουσιάστηκε και αξιολογήθηκε από έμπειρους χρήστες αντίστοιχου λογισ-
μικού (λογοθεραπευτές). Τέλος, πραγματοποιούμε σύγκριση των τεχνολογιών αιχμής
(HTML5, JavaSript) οι οποίες χρησιμοποιήθηκαν κατά τη διάρκεια της ανάπτυξης
όμοιων παιχνιδιών της παρούσας εργασίας και παλιότερων, όπως η Java, όσον αφορά
την ευελιξία τους και την απόδοση τους στην παρούσα χρονική στιγμή.
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Chapter 1

Introdution

1.1 Motivation

By default the term 'deaf' person refers to someone with a hearing loss. In

addition to hearing loss, people with hearing loss fae a whole series of seond level

issues suh as: language hoie, ommuniation mode, self-pereption and identity.

We ould say that deafness and hearing loss are assoiated with the volume

(intensity) of sound that an individual reeives, and also to the pith (frequeny) of

sound. Some individuals have partiular problems with hearing high or low-pithed

sounds. These patients have di�ulty in hearing high-pithed or low-pithed voies

and have impliations for teahing and learning situations. These impliations an

not be faed using a hearing aid. Hearing aids usage is to inrease the volume of

sound but annot ompensate for loss of frequeny.

There are many auses of deafness. Some people are born deaf due to a

hereditary ondition, or had ongenital problems suh as those assoiated with

rubella [1, Rubella℄. Also hearing loss ould happen as a result of injury, illness or

exposure to exessive noise. The type of deafness or hearing loss, and the time in

life that it is developed, a�ets person's ommuniation ability. Most deaf and hard

of hearing people use a ombination of ommuniation methods (sign language, lip

reading et).

It is often people with hearing loss to have problems with their ommuniation

skills. Beause of the lak of audio feedbak the speeh prodution system it is not

developed normally. Sine deaf people annot hear themselves speak, they annot

tune their voies to a more 'orret' sounding tone. More generally they annot

ontrol their speeh prodution system (tongue, teeth et) properly, beause they

annot realize whih is the right way to do it. As a result they speak too loud for

the vowels or they are misartiulating onsonants. However, a person who went

deaf later on in life after an aident or something, has a better hane of being

able to speak more properly. So, everything is a matter of feedbak.

Many speeh therapy multimedia tools have been developed to help people

with hearing loss to aquire better ommuniation skills with the rest of the people.

Most of them are taking advantage of speial harateristis of the sound and are

using multimodal information as feedbak, in order to teah a person with hearing

loss the proper way of pronuniation. The type of multi-modal feedbak ould

be a ombination of all senses. Some examples of feedbak are audio and visual

feedbak, tatile feedbak, syntheti fae, visualized aousti properties, automati

feedbak et [2, Klara Visi℄.
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1.2 Contribution

The purpose of this thesis is to develop a web site platform, where the user

an login and pratie with a olletion of web-based voie games, through browser

in real time. To that purpose three di�erent tehnologies are used. In our web-

based platform voie is analyzed and onverted to visual feedbak. Eah game

ould be played with a logo-therapy supervisor or even by user himself. Sore of

eah game, is alulated and is sent to our web server for saving and statisti pro-

essing. In the end, user performane in the passage of time is displayed through

graphs in real time. Logo-therapy supervisors, ould use these speial graphs to

spot possible weaknesses and modify game targets as neessary. Furthermore, an

evaluation of our game olletion is presented. The evaluation inludes a question-

naire �lled by a speialist in logo-therapy. Finally, omparison between state of art

tehnologies (HTML5, JavaSript) and older, suh as Java, in terms of �exibility

and performane is taking plae.

Bibliography researh (seond hapter) reveals that there is no other online

real time speeh therapy software tool. Every other tools are standalone ommerial

appliations. The system that we developed is powered up from web servie's

bene�ts. It is available in every time at any plae. Also it has no requirements of

installation. Finally, unlike existing speeh therapy software tools, has no payment

requirements and it is available for use by anyone who has registered in our platform

free of harge.

1.3 Struture of thesis

In the �rst hapter, we are desribing the nature of hearing loss and how hard

of hearing people experiene this situation. This study is essential in order to un-

derstand the importane of feedbak in voie training and the type of feedbak that

helps people with hearing loss. In the seond hapter, a bibliography researh has

been done in order to give more detailed desription of deafness and how deaf peo-

ple hear. Furthermore, basi speeh therapy tehniques along with speeh therapy

software tools whih are taking advantage of several types of feedbak are being

presented. In the third hapter, we are presenting our implementation approah

and we are giving a brief desription for eah ooperating part of our proposed

system. In the fourth hapter, analysis implementation is being presented. More

spei�ally we are using UML diagrams to desribe our system. In the �fth hapter,

evaluation of our system is being presented. We evaluate our system with speial

questionnaires whih were �lled up by experiened speeh therapists. In the sixth

hapter we ompare our system with other ommerial tools. Finally in the seventh

hapter possible extensions and future work of our system are presented.
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Chapter 2

Bibliography researh - how deaf

people hear?

2.1 Classi�ation of hearing loss

In this point it is important to lassify the types of hearing loss. Also it is

important to give some de�nitions of basi terms that are used in this �eld of

siene. More spei�ally,

• Deaf/Deafness refers to an individual who has a profound hearing loss and

makes use of sign language.

• Hard of hearing refers to an individual with a hearing loss who relies on

residual hearing and ombines speaking with lip-reading.

• Hearing impaired term desribes any deviation from normal hearing, perma-

nent or transient whose levels range from from mild hearing loss to profound

deafness.

• Residual hearing refers to the perentage of hearing remaining after hearing

loss.

The level of severity of hearing loss, is de�ned as follows [3, Ra� Shemesh℄ :

Range (HL: Hearing Loss) Categorization

-10 to 15 dB Normal Hearing

16-25 dB Slight Hearing Loss

26-40 dB Mild Hearing Loss

41-55 dB Moderate Hearing Loss

56-70 dB Moderate-Severe Hearing Loss

71-90 dB Severe Hearing Loss

>90 dB Profound Hearing Loss

Table 2.1: Levels of Hearing Loss

Furthermore we an lassify people with hearing loss in the following ate-

gories:

• The age at whih a person loses his hearing has a very large impat on the

individual. The earlier a hild is diagnosed the better o� the hild will be.

It is desirable that the diagnosis of hearing loss in hildren to take plae

at birth. Neessary preautions an be taken earlier if they are diagnosed

early enough. However, it is ommon hearing loss ours up to a year before

diagnosis. In "Eduating the deaf: Psyhology, Priniples, and Praties,
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Moores" [4, Moores℄ tells us that every day that goes by that the hild is

not diagnosed is a day lost. Language development annot begin until the

hild has the means to ommuniate. If a hild an not hear, and not able to

obtain a hearing aid, then the hild will experiene serious problems in the

development of ommuniation skills.

Language development depends highly on early identi�ation of the

hearing loss and is extremely important for the development of an individual.

If the hild has the apability to obtain hearing aids then sooner a hild is

�tted for the hearing aid, the sooner that hild has aess to sound. It is

obvious that the earlier a hild is diagnosed for hearing loss, the earlier the

hild an begin to learn.

Children who are hard of hearing have been not identi�ed until the

shool years. Additionally, hildren who are hard of hearing are sometimes

onsidered to be thought of as self-opinionated or obstinate. Usually, par-

ents say that these kids have "seletive hearing" or that they don't pay too

muh attention. They may perform poorly in shool or deide that they

"don't like" shool [5, Marshark℄. Ranking of hearing loss an be done in

several ways. Pre-Lingual or Post-Lingual is one of them (Table:2.2).

Pre-Lingual symbolizes that hearing loss ourred before language aquisi-

tion, typially that is before the age of 2 years. Post-Lingual symbolizes that

hearing loss ourred after language aquisition.

Pre-Lingual hearing loss Post-Lingual hearing loss

Time of hearing loss < 2 years Time of hearing loss >= 2 years

Table 2.2: Prelingual and post-lingual hearing loss

There is an enormous di�erene in language skills of pre-lingual and

post-lingual hildren with hearing losses. Children who have already aquired

language before the onset of hearing loss have a muh easier time learning

than hildren who have not aquired language. The impliations of both

types of hearing losses are many.

It is most likely for a hild with pre-lingual hearing loss to have a hard

time learning language. Also aademi ahievement may be lower and soial

interation may also be di�ult. On the other hand, hildren with post-

lingual hearing loss will probably be able to preserve most of the language

learned. They soialize more easily and they have higher aademi ahieve-

ments, espeially in reading. Another term for post-lingual hearing loss is

also adventitious hearing loss.

Finally, presbyusis is the loss of hearing assoiated with inreasing age.

Hearing loss is ranked as the third most prevalent hroni disorder after hy-

pertension and arthritis. Its prevalene and severity inrease with age, rising

from about 30-35 perent of adults aged 65 and older to an estimated 40-50

perent of adults aged 75 and older [6, Cruikshanks KJ℄. For presbyusis

the hearing loss is greater for high-pithed sounds and lower for low-pithed.

For example, it may be di�ult for someone to hear the sound of breaking

glass, and it is most di�ult to understand speeh in a noisy bakground.

However, the same person may be able to learly hear the low-pithed sound

of a basso. Presbyusis usually ours equally in both ears. Finally beause

of the slow rate of development of presbyusis it is ommon for people who

su�er from it not to realize it.

• The plae where the loss ours. Hearing loss an be ondutive, sensorineu-

ral, or mixed. Condutive hearing losses are more easily treated by hearing
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aids. Sensorineural hearing losses annot be helped by ampli�ation mea-

sures. Mixed hearing losses are both ondutive and sensorineural hearing

losses. Usually in this ase hearing aids will treat only the ondutive part

of the hearing loss (Table:2.3).

Name Desription

Condutive Charaterized by an obstrution in the transmission

of the audio signal through the external auditory anal

and/or the middle ear. All frequenies are dereased equally

Sensorineural Charaterized by the malfuntion of the sensory reeptors .

of the inner ear. Sensorineural deafness is a lak of sound

pereption aused by a defet in the ohlea and/or the

auditory division of the vestibuloohlear nerve.

Mixed Mixed hearing loss onsists of both ondutive

and sensory dysfuntion

Table 2.3: Types of hearing loss

If the ause of hearing loss is hereditary, then the parents are prepared

for the possibility that hildren an develop problems with their hearing. In

this ase, the parents have more time to make appropriate movements to

deal with the situation more suessfully. On the other hand, if the parents

are unprepared for the possibility of hearing loss it is most likely to lose

valuable time to take the neessary steps and make the diagnosis of hearing

loss. Parents who are aware of the signs of hearing loss are more likely to

examine their hildren for hearing loss, while the parents who do not know is

likely to onfuse hearing loss with other problems suh as learning disabilities

or behavioral disorders [4, Moores℄.

2.2 Learning language tehniques

In this setion we are going to present the basi tehniques of language learning

that are widely used in deaf ommunity. Lip reading tehnique, sign language,

speeh therapy exerises, speial devies suh as ohlear implants and speeh

buddies tools are representative tehniques of language learning. Espeially lip

reading, sign language and ohlear implants are very ommon to deaf people and

they are used in daily base depending of the level of their hearing loss. A brief

desription of eah tehnique is provided.

2.2.1 Lip reading

Lip reading (or speeh reading) is a tehnique of interpretation of lip move-

ments, faial expressions, tongue and residual hearing in order for a person to

understand speeh, when there is no normal sound available. Lip reading also is

relied on information provided by the ontext and knowledge of the language. Al-

though lip reading is used primarily by deaf people, sometimes is used by people

with normal hearing.

In everyday life, people subonsiously use lip reading to understand better

the aousti information and some speakers are able to read speeh to some extent.

This is explained beause eah phoneme orresponds to a spei� faial expression

and mouth, so someone an extrat what phoneme has been spoken based only

visual signs, even if the sound is insu�ient or distorted.

Lip reading is limited beause many phonemes share the same viseme and thus

is impossible to identify only from visual signs. More spei�ally, for sounds whose

plae of artiulation is deep inside the mouth or throat are not detetable, suh
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as glottal onsonants and most gestures of the tongue. Also, voied and unvoied

pairs look idential, suh as [p℄ and [b℄, [k℄ and [g℄, [t℄ and [d℄, [f℄ and [v℄, and [s℄ and

[z℄ [7, Lip reading℄ likewise for nasalization (e.g. [m℄ vs. [b℄). It has been estimated

that only 30% to 40% of sounds in the English language are distinguishable from

sight alone. Thus, for example, the phrase "where there's life, there's hope" looks

idential to "where's the lavender soap" in most English dialets.

As a result, a lip reader depends on ues from the environment, from the

ontext of the ommuniation, and knowledge of the topi of a onversation. For

example ommon phrases suh as greetings are muh easier to read. However there

are di�ult senarios where speeh reading is quite di�ult.

These senarios inlude:

• Lak of lear piture of the speaker's lips. This inludes:

� obstrutions suh as moustahes or hands in front of the mouth

� the speaker's head turned aside or away

� dark environment

� bright bak-lighting soure suh as a window behind the speaker, dark-

ening the fae.

• Group disussions, espeially when multiple people are talking in quik su-

ession. The hallenge here is to know where to look.

2.2.2 Use of lip reading by deaf people

Lip readers who have grown up deaf may never have heard the spoken lan-

guage, whih makes speeh reading muh more di�ult. Also in order to learn the

individual visemes they have to reeive speial eduation where basi eduational

proedure is onduted by onsious training. As a result, lip reading takes a lot of

e�ort, and an be extremely tiring. For these and other reasons, many deaf people

avoid to use lip reading in order to ommuniate with non-signers. They prefer to

use other ways, suh as mime and gesture, writing, and sign language interpreters.

To quote from Dorothy Clegg's 1953 book The Listening Eye [8, Dorothy

Clegg℄, "When you are deaf you live inside a well-orked glass bottle. You see the

entraning outside world, but it does not reah you. After learning to lip read, you

are still inside the bottle, but the ork has ome out and the outside world slowly

but surely omes in to you." This view that lip reading, though di�ult, an be

suessful is relatively ontroversial within the deaf world.

It is a ommon pratie to ombine lip reading with movements of the hands in

order to represent invisible details of speeh. Using ued speeh has the advantage

of helping speaker to develop lip-reading skills that may be useful even when there

are no other ues, i.e., in ommuniation with non-deaf, non-hard of hearing people

[7, Lip reading℄.

2.2.3 Sign language

Sign language is a kind of language whih, in order to onvey ommuniation

information, instead of using the traditional sound patterns and words is using

body language and gestures. This may inlude simultaneously formation shapes

with hands, faial expressions or body orientation in order to express a speaker's

thoughts. In the other hand spoken language ("oral languages") depend primarily

on sound. Sign languages and spoken languages have many features in ommon and

that is why linguists onsider the two languages to be natural languages, although

they have signi�ant di�erenes.
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Development of sign language exist where there are deaf people. People who

an hear but annot speak normally also use sign language. Sign languages are

governed by the rules of grammar as well as natural languages. Moreover , they

exhibit linguisti idioms like spoken languages. Around the world there are hun-

dreds of sign languages used by ommunities of deaf people. Some of them are

o�ially reognized by the state and others are not. A ommon misunderstand-

ing is that sign languages are the same all over the world or that sign language

is international. However, although there may be ommon features between sign

languages, eah ountry has its own native sign language.

Australian researhers have onduted investigations who reveal that both

hildren with hearing impairment and hildren with normal hearing will learn sign

languages if their parents use sign language, in the same way as other hildren

learn spoken languages.

Researhers from the United States in the 1970's began to investigate the

spei� harateristis of sign language in learning in order to ompare learning

of spoken languages and learning of sign language. For example, many signs in

sign languages are ioni. Symbols of sign language look like the meaning of the

symbol. For example, in the symbol HOUSE, hands forms the shape of a roof and

walls. This di�erentiates the sign languages of the spoken sounds where usually

words have no relation to their meaning. One hallenge for the researhers was to

�nd out if the use of ioni signs made learning of sign language easier for hildren

than learning spoken languages.

"From the age of approximately six months, hildren learning sign language

begin to "babble" on their hands, making sign-like ations in imitation of the signed

language they see around them".

Researh has shown that hildren who learn sign language experiene, the

same stages of language development as hildren who learn spoken language. Learn-

ing sign language begins at birth and ontinues in their hildhood.

Children who learn sign language from the age of six months are starting

to "babble" with their hands mimiking the signs of sign language they see in

their environment. In the �rst year of their life, they produe the �rst sign just like

hildren learning spoken languages are saying their �rst word. [9, Adam Shembri℄.

With the passage of time the hildren are adding more and more signs in their

voabulary. Signs suh as FATHER, MOTHER, DOG, GOODBYE et. are typial

for hildren of this age. Also, they make the same mistakes in sign prodution with

inorret gestures or movements like hildren who are learning spoken languages

and are unable at �rst to pronoune all the sounds properly.

Shortly before the age of two years, hildren are starting to ombine the signs

reating proposals as Milk WANT FIND THE BALL. The voabulary of hildren

is growing rapidly and gradually they are apable to form larger and omplex sen-

tenes.At the age of 2 and 2.5 years old, they learn to form negative sentenes, ask

questions. At about 5 years old, they already have aquired the largest part of the

grammar and syntax of their voabulary. After that, new voabulary aquisition,

ontinues always throughout life.

In the ase of hildren who an hear and ome from families where one parent

is deaf and another speaks, they learn spoken language and sign language together.

At early ages they do not show any preferene between sign language and spoken

language. This shows that for young hildren the language is treated the same way

regardless of whether it is spoken language or signed language.

2.2.4 Simple tehniques - Combination of senses

In this setion we refer to simple tehniques whih are useful for teahing

a person with hearing loss and several ways to ontrol his organs of speeh when
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applying speeh therapy. The information whih is displayed is aquired by visiting

several forums and web sites [10, 11, 12℄ where deaf ommunity is exhanging

opinions, ommon problems and several issues from their lives. The speeh therapy

tehniques mentioned on this thesis are not fully analyzed but only a �rst approah

is presented in order to understand the psyhology of an individual with hearing

problems and refer to possible solutions for their problem.

In speeh therapy the biggest problem of artiulation is the plaement of the

tongue in the oral avity. The problem beomes more intense in the ase of hildren

with speial needs and hildren with a left of the lip or palate. It is extremely

di�ult to teah the movements of the tongue in order to produe the desired

sounds. More spei�ally, for the parents is extremely di�ult to understand the

orret tongue position required to produe various sounds. The solution to this

problem is the ontinuous pratie at home, performing exerises in order to learn

orret plaement of tongue.

Speeh is a proess that takes plae subonsiously without ounting eah step

separately in order to talk. It is an automati ation who someone have performed

millions of times in his life without thought. But, what happens if you are a hild?

Children barely understand that your tongue moves at all in order to produe

sound. Additionally, an adult is trying to hange plaement of your tongue and

omplete suessfully a series of di�ult exerises while you are just trying to get

your apple juie! Under these irumstanes it is reasonable for the hildren to

grumble during learning language proess. Here are a some easy tongue plaement

exerises:

1. If "La" sound is the problem, look at your hild's mouth. Now look at your

own and try to �gure out how it is produed. The sound "la" is produed

when pushing the tongue out in a way that an ollide with the top lip.

Plaing of some hoolate on the top lip ould help. As the hild tries to

reah the hoolate, this e�ort would enhane the desired movement of the

tongue and prodution of the desired sound.

2. If the "S" sound is the problem, similar ations have to take plae.At �rst

try to produe "S" sound by yourself. In order to reate the "S" sound, you

have to push air out past your tongue with your teeth together while you

are pulling the orners of your mouth bak. Try to teah the hild to do

the same. A nie way to teah this it is "overating" a sound. Using funny

faes during the proess ould onvert tongue plaement exerises to fun, not

punishment.

3. If the "T" sound is the problem similar ations will help you. The sound "t"

is produed when you trap air between the edge of your tongue and the bak

of your top front teeth. When the air is released quikly, then "t" sound is

produed. What will your hild have to do in this ase? One good way is

to get a hild to push it's tongue up behind the teeth and hold it there is to

plae the straw oming out of a milk shake right behind the teeth. One sip,

one pratie sound. Some other sounds like "D" are produed the same way

("D" is produed from behind the front teeth, as does the "th" sound).

4. "Rrrrr" is a another ommon artiulation problem for hildren. In order to

reate the "r" sound, your tongue is held up without touhing the palate

permanently. There are several ways to �x this problem. An easy one is to

allow the hild to "growl" and then growl into a word.

In the same philosophy with the above exerises some speial speeh tools are

being developed alled Speeh Buddies. The purpose of these tools is to teah a

hild the right position of the tongue in it's mouth in order to provide very spei�
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tatile ues. One of these tools alled the 'R speeh Buddy' tool allows the hild

to feel exatly what he needs to do with his tongue in order to produe a orret

/r/ sound. Children are very good tatile learners, espeially in primary shool.

The R Speeh Buddy helps to unlok a sense of feeling in order for the hildren

to learn the orret tongue movement. The way it works is atually simple. Two

simple steps are involved, plaement and movement. For every di�ult sound to

pronoune di�erent tools have been developed (R, S, CH, SH, and L sounds).

Furthermore, many speeh therapists in order to teah a hild the proper way

for sound prodution they touh their throats while they are produing a sound

and teah the hild how to do the same. In this way they are feeling the vibration of

the voal hords and are learning to ontrol more their voies. Espeially for vowel

phonation, other tehniques related to aspiration sounds involve the plaement in

front of their mouth of their hands in order to feel the air that is getting in or out

from it. This tehnique usually helps someone to pronoune onsonants.

Finally the help of tehnology exists in this area too. Someone ould try to

make the ears work by using hearing aids or ohlear implants. Hearing aids make

sound louder so that they fall into the sounds that the hild may hear. In most

ases, this is not enough to make distintions within a spoken language, beause

the sound will be distorted and orrupted despite the use of very powerful hearing

aids.

Cohlear implants are very advaned hearing aids that are plaed into the

inner ear, and replae the funtionality of the ear. There are signi�ant di�erenes

between the signal that is generated by an implant and a natural sound. Sound may

be distorted and it is quite di�ult to distinguish between other sounds. People

who had an experiene in listening (people who had hearing loss as adolesents or

adults) may bene�t from them and learn how to distinguish these sounds, but for

hildren who lost their hearing in early age it is very di�ult to learn and an take

years of intensive training.

As a general outome of the above analysis every sense is used to ahieve

a better sound prodution. All senses vision, audio, tatile, taste, olfation are

ombined together to provide the patient with multimodal information. This kind

of information is apable to teah the right way for plaing and moving the tongue

inside the hild's mouth. Also, it ould teah the right level of intensity of several

vowels in order to avoid speaking too loud or too quiet. The same guidelines of

speeh therapy ould be used for developing speeh therapy software tools. Audio-

visual feedbak ould be more easy managed, proessed, and �nally presented in a

omputer's sreen. In the next setions we present a list of software tools that are

developed to serve as speeh therapy tools.

2.3 Related Work & Examples of Speeh Therapy Soft-

ware Multimedia Tools

In this setion we are reviewing researh [13, Maxine Eskenazi℄ in many areas

of spoken language tehnology for eduation and espeially for language learning

for people with hearing loss. The main population target is onsisting of hildren

with post-lingual hearing loss.

The �eld is highly multidisiplinary. Computer siene, statistis, signal pro-

essing, seond language aquisition, ognitive siene and linguistis are ombined

together for better results. Several names have been used for this �eld, suh as

Computer-Assisted Language Learning (CALL) and Computer-Assisted Language

Tehnologies (CALT)(for the purpose of this work we will use the term that has

been employed to desribe work in Spoken Language Tehnology for Eduation,

SLATE). We will review results by researhers using spoken language tehnology
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for eduation. More spei�ally, researhers develop eduation appliations using

ASP (automati speeh proessing), sometimes using natural language proessing

and/or spoken dialogue proessing where the proessing tehniques are reated or

modi�ed for this appliation. As previous bibliography researh refers, "many of

the tehniques used in non-native pronuniation detetion ould be used for handi-

apped speeh as well" [13, Maxine Eskenazi℄. As a result of it we also are inluding

in our report, multimedia tools whih are used for seond language learning tool.

A brief desription of eah tool's funtionality is provided. Before this desription

we fous to the types of feedbak whih are used in the majority of the tools.

2.3.1 Visual auditory feedbak based on aousti properties of

speeh

The goal of the omputer assisted speeh training systems is to provide suf-

�ient auditory and visual feedbak to the user in order to indiate orretive

diretions to pronuniation. Several training methods exists, whih di�er from

eah other mainly in the type of feedbak [2, Klara Visi℄. In the following (Table:

2.4) we an see speeh properties whih are used in many software appliations as

metris in omparative proess [14, Overview of SpeehViewer III℄. Also a further

explanation is provided.

Speeh properties

Pith or fundamental frequeny

Speeh waveforms

Prosody

Speeh rate

Spetrogramms

Phoneme pronuniation

Artiulation and oartiulation

Table 2.4: Frequently used speeh properties

2.3.1.1 Pith or fundamental frequeny

Speeh signal is haraterized by voied, unvoied and silene regions [15,

Sakshat Virtual Labs℄. Voied speeh is produed beause of the near periodi

vibration of voal folds. On the other hand, the random like vibration produes

unvoied speeh. For silene region there is no vibration. In English and Greek lan-

guage the biggest part of speeh signals are voied and inlude vowels, semivowels

and other voied omponents. Voied regions of speeh signals are similar to near

periodi signal in the time domain representation. For the voied speeh segments

we ould assume to be periodi for speeh proessing purposes. This periodiity of

voied regions de�nes "pith period T0" in the time domain and "Pith frequeny"

or Fundamental Frequeny "F0" in the frequeny domain. Pith is an impor-

tant property of voied speeh. It ontains personalized information depending on

speaker. It is also essential for speeh oding.

2.3.1.2 Speeh waveforms

Waveforms are often used for speeh visualization as in Figure 2.1. Speeh

waveforms are not very useful as they are di�ult to be understood by students,

however Bernstein and Christian [16, Bernstein J and Christian B℄ wrote in their

paper that experiments have shown in suh ases a visual display of the talker

not only improves the word identi�ation auray, but also the speeh rhythm
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and timing [17, Markham D and Nagano Madesen Y℄. Today many ommerial

pronuniation tools o�er this type of visual feedbak.

A waveform is a two dimensional representation of a sound. The two dimen-

sions in a waveform display are time and intensity. Vertial dimension is intensity

and the horizontal dimension is time. Waveforms are also known as time domain

representations of sound beause they represent hanges in intensity over time. A-

tually the intensity dimension is a display of sound pressure. Sound pressure is a

alulation of small variations in air pressure whih are pereivable as sound. Peo-

ple will hear louder sound with greater variations in sound pressure.[18, Waveform

de�nition℄.

There are two types of speeh sound soure:

1. periodi vibration of the voal folds resulting in voied speeh

2. aperiodi sound produed by turbulene at some onstrition in the voal

trat resulting in voieless speeh.

The �rst type is being displayed in a waveform like a near periodi signal for

voied parts of speeh signal, while seond type is being displayed like noise.

Figure 2.1: Wave form display in the IBM Speeh Viewer

2.3.1.3 Prosody

Prosody in etymology, is the rhythm, stress, and intonation of speeh. Prosody

may re�et di�erent harateristis of the speaker or the expression: the emotions

of the speaker; the type of the utterane (explanation, question, or order); or

di�erent omponents of dialet that may not be enoded by puntuation or hoie

of voabulary suh as irony or sarasm.

Regarding aoustis, the prosody inludes variety in syllable length, loudness

and pith. In sign language ommuniations, prosody inludes the rhythm, length,

and pressure of signals, alongside mouthing and faial expressions. Prosody is

ordinarily non attendant in writing, whih an sporadially lead reader to misun-

derstanding. Orthographi tehniques to hek or substitute for prosody inor-

porate aentuation (ommas, exlamation marks, question marks, sare quotes,

and ellipses), and typographi styling for emphasis (itali, strong, and underlined

ontent). Children with hearing loss fae prosody issues, beause it is di�ult for

them to learn how to use speeh rate properly or to ask a question (inrease of

pith at the end of a sentene) [19, Prosody℄.

2.3.1.4 Speeh rate

Speeh rate is haraterized as the rate at whih a speaker exeutes the artiu-

latory movements needed for speeh. Researhers and liniians have reommended

that it is an important variable to measure during a diagnosis and to hange when

treating people who stammer. It has likewise been depited as a omponent that
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may help the onset, improvement, and support of stammering for some kids[20,

Mark W Pellowski℄.

2.3.1.5 Spetrograms

A spetrogram, or sonogram, is a visual representation of the range of fre-

quenies in a sound. Spetrograms also are alled spetral waterfalls, voieprints,

or voiegrams. Spetrogram plots seleted input signal's amplitude as a funtion of

frequeny and time in exellent shade. Spetrograms ould be utilized to reognize

spoken words phonetially as eah phonem has a spei� spetrogram print. They

are utilized broadly in the researh �eld of musi, sonar, radar, speeh proessing,

seismology et. Figures 2.2, 2.3 underneath demonstrate spetrogram, where fre-

quenies are on the vertial axis and time on the horizontal axis [21, Spetrogram℄.

Figure 2.2: Typial spetrogram of the spoken words "nineteenth entury".

In Figure 2.2 the lower frequenies are more dense beause it is a male

voie.You an see that the olor intensity inreases with the density.

Figure 2.3: Spetrogram of the atual reording violin playing.

In Figure 2.3 you an note the harmonis ourring at integer multiples of

the fundamental frequeny.

2.3.1.6 Phoneme pronuniation

The term linguistis is the set of spoken sounds in any given language that

serve to reognize a single word from an alternate. A phoneme may omprise of a
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few phonetially di�erent artiulations, whih are viewed as idential by listener-

s/speakers, sine one artiulation may be substituted for an alternate without any

hange of importane. Aordingly /p/ and/b/ are disrete phonemes in English

beause they di�erentiate suh words as "pet" and "bet", while the light and dark

/l/ sounds in "little" are not separate phonemes sine they may be transposed

without hanging meaning. [22, David J Ertmer℄.

2.3.1.7 Artiulation and o-artiulation

By de�nition, artiulation is the demonstration of voal artiulation. In sim-

ple words how we pronoune a speeh sound. Despite the fat that artiulation

may appear easy and is not something that we do on purpose, in reality it is a

omplex proedure where we utilize the strutures and musles within our mouths

to make spei� movements that reate partiular sounds or a ombo of sounds.

The strutures that we use to artiulate, are alled artiulators and inlude: lips,

teeth, tongue, top of the mouth, jaw, and lungs.

Co-artiulation exists when a oneptually isolated speeh sound is a�eted

by a preeding or a following speeh sound. There are two kinds of o-artiulation:

antiipatory o-artiulation, when a harateristi of a speeh sound is expeted

due to the reation of a preeding speeh sound; and preservative o-artiulation,

when the impats of a sound are seen due to the sound that follows.

Co-artiulation in phonetis refers to two di�erent phenomena. Firstly, stands

for the assimilation of the plae of artiulation of one speeh sound to that of an

adjaent speeh sound. For example, while the sound /n/ of English normally

has an alveolar plae of artiulation, in the word {tenth} it is pronouned with a

dental plae of artiulation beause the following sound, /θ/, is {dental}. Seondly
o-artiulation refers to, the prodution of a o-artiulated onsonant, that is, a

onsonant with two simultaneous plaes of artiulation. An example of suh a sound

is the voieless labial-velar plosive /k̂p/ found in manyWest Afrian languages. The

term o-artiulation may also refer to the transition from one artiulatory gesture

to another.

In next Figure 2.4 we demonstrate how energy of eah formant is hanging

over time though spetrograms of the words bed, dead, and the nonword [geg℄ spoken

by an Amerian English speaker. White lines display seond and third formant.

As we an notie energy is in�uened beause of the presene of onsonants in eah

word. At the beginning of the word bed, the seond and third formants have a lower

frequeny than they do at the beginning of the word dead.The seond formant is

notieably rising for the initial [b℄ from a omparatively low lous. In the word

dead, the seond formant is fairly steady at the beginning and the third formant

drops a little. In [geg℄, the seond and third formants ome lose to eah other at

the margins of the vowel, where the [g℄ onsonants have the most in�uene over

the formant frequenies [23, A Course in Phonetis℄.

Figure 2.4: Spetrograms of the words bed, dead, and the nonword [geg℄.
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2.3.1.8 Data visualization

Visualized data might be graphs of the above parameters. The e�ay of a

system relies on the aousti proessing methods. The aoustial parameters used,

and on the algorithm of the visualization. The visualized sound parameters - the

sound pitures - must be fasinating and phonetially orret, giving feedbak on

whether the real artiulation is orret or not and why.

Experienes on the depitions with spetral data propose their potential use

as pronuniation feedbak. It is ritial to underline that the results depend �rst

on the understanding of the parameters, seondly on the tehnique for visual pre-

sentation and thirdly on the diretions on the most pro�ient method to translate

the depitions. For instane, the spetrum interpretation by the IBM "Disourse

Viewer" of the /u/ sound in Figure 2.5 is dry and hardly understandable for young

hildren, but the other type of its visualization, presented in Figure 2.7, is lear

and more suitable for small ages: an apple falling o� a tree, when the pronuniation

is orret[2, Klara Visi℄.

Figure 2.5: Spetrum interpretation U sound

Figure 2.6: Inorretly pronouned U sound

Others have tried di�erent things with utilizing a real-time spetrogram de-

pition of speeh to give artiulation feedbak [22, David J Ertmer℄. Generally they

use omparative algorithms, but these pitures are too ompliated for 5-year-old

hildren.

2.3.2 Types of feedbak

2.3.2.1 Audio and visual feedbak

The sientists in KTH (Royal Institute of Tehnology, in Stokholm) reated

a speeh intelligibility test to look at the part of visual data in speeh intelligibility
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Figure 2.7: Corretly pronouned U sound

- spei�ally, body gestures and lip reading. Noisy syntheti and natural speeh

sound was supplemented by an visible fae and the intelligibility of the speeh was

tested.

Figure 2.8: Combining speeh reading, body gesture and synthesized fae

The results obtained are displayed in Figure 2.8. It is obvious that the results

show the improvement of intelligibility, when visual information is also present to

the subjets [2, Klara Visi℄.

2.3.2.2 Syntheti Fae

A visual representation of the trainees' artiulator is an immediate and helpful

tehnique. These are the proess-oriented systems [2, Klara Visi℄. The animated

arti�ial agents, for example, model visual gestures in speeh, utilizing a para-

metrially ontrolled visual speeh synthesis based on a 3D polygonal model of a

fae.

In IDIAP (Dalle Molle Institute for Pereptual Arti�ial Intelligene), a speeh

reading system spots and traks the lips of a speaker over a piture sequene to
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onentrate visual speeh data. The extrated harateristis portray the state of

the lips and the intensity of the mouth area as suggested in Figure 2.9. The priniple

modes of intensity variety prinipally represent illumination and speaker di�erenes

instead speeh data. Smaller modes of intensity variety represent speeh data and

portray the visibility of teeth and tongue. IDIAP simulates these features using

Gaussian distribution and temporal dependenies using Hidden Markov Models.

Figure 2.9: Extration of Visual Speeh Features

The animated agents an enhane learning and language eduation. Human

faes advane interpersonal ommuniation sine they are informative, emotional

and personalized. In di�erent ommuniation situations when data are vague and

fuzzy we join together numerous soures of data audio and visual. At the time

speeh is produed, faes are useful linguistially and the auditory and visual fea-

tures of speeh are often omplementary. Indeed, animated faes, for example,

"BALDI" [24, Massaro Domini W Light Joanna℄ an give feedbak that people

an't by turning semi-transparent to demonstrate the movements of the tongue

inside the mouth from several aspets, or by displaying visual patterns that denote

aousti phoneti features of sounds.

2.3.2.3 Visualized Speeh Properties

An alternate approah to help students learn speeh is to visualize the aous-

ti properties of speeh signal whih are mentioned in the previous setions. These

systems get speeh signals and perform well if the measured aousti - phoneti

properties relate satisfatorily to the artiulation movement. Speeh properties

might be displayed as sound pitures. Subsequently if the visualization methodol-

ogy is right, then there is a orrespondene between the artiulation and the sound

pitures Figure 2.10.

Figure 2.10: Correspondene between the artiulation and the sound pitures

2.3.2.4 Automati Feedbak

In the speeh learning proess, the right sound or visual feedbak, is extremely

essential and helps the speeh improvement of the trainees. In addition, numerous

speeh-training software tools have a sort of automati feedbak too, relying on

in view of the aousti similarities between the trainee's speeh and a template.

In the SPECO [25, Visi K Roah P Oster A Kai Z Barzikay P Tantos A
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Catari F Baksi Zs and Sfakianaki A℄ and in the ISTRA (Indiana Speeh Training

Aid, [26, Communiation Disorders Tehnology In℄) systems for hildren with

hearing loss, the similarity between a metri of eah new utterane and a stored

template estimates the desirable aousti similarity metri whih is used to measure

performane of the trainee.

In the seond group of speeh training systems phoneme-based Hidden Markov

Models from automati speeh reognition tehnology (ASR) are used in order to

evaluate pronuniation. However evaluation of ASR systems from eduators gives

ambiguous results. Sometimes automati feedbak does not work orret on the

basis of the automati speeh reognition tehnology, misleading the trainees to

get deteriorate results than those without utilizing any automati feedbak. From

speeh tehnology aspet, the hallenge is whether today's ASR algorithms an be

used to detet good and poor pronuniations of a known word spoken by a hild.

By di�erentiation, the typial objetive of the ASR is to order all utteranes

aurately, regardless of the possibility that they are not pronouned orretly.

ASR systems an utilize either one kind of feedbak or all; it relies on upon the

atual purpose of the tool.

2.3.3 Speeh therapy software tools

In this setion we provide a short desription of Computer-Aided Speeh and

Language Therapy (CASLT) that are being developed in sienti� ommunity.

Furthermore, an extended desription and results are displayed from two important

speeh therapy tools (SPECO, BALDI) in order to highlight the bene�ts for their

users. The list whih is presented here is not intended to be an exhaustive one

but only indiative and informative. The main purpose of presenting these speeh

therapy tool is to give the reader the opportunity to understand the proess of

language learning for people with hearing impairments and the main features that

are helping the user in this diretion. The underlying speeh tehnologies are not

analyzed but only mentioned. The interative tools are intended to enourage

the aquisition of language skills in the areas of basi phonatory skills, phoneti

artiulation and language omprehension primarily for hildren.[27, Osar Saz Shou

Chun Yin Eduardo Lleida Rihard Rose Carlos Vaquero William R Rodriguez℄.

2.3.3.1 Comunia projet

"Comunia projet" was developed by sientists of the Aragon Institute for

Engineering Researh (I3a) with the supervision of the CPEE "Alborada".

Three tools are part of the "Comunia" projet [27, Osar Saz Shou Chun

Yin Eduardo Lleida Rihard Rose Carlos Vaquero William R Rodriguez℄:

1. "PreLingua" teahes basi phonation skills to hildren with neuromusular

issues.

2. "Voaliza" aims to train mainly proper artiulations of language.

3. "Cuentame" introdues language omprehension to impaired hildren.

2.3.3.2 PreLingua

PreLingua aumulates a set of game-like appliations that use speeh proess-

ing to exerise hildren with speeh developmental delays, aiming to help speeh

therapy proedure. A feature extration diagram is used for the training of �ve

speeh properties in the games (voie ativity, intensity, breathing, tone and vo-

alization).
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Voie ativity games are developed for hildren with a developmental disabil-

ity that delays their speeh, ompared to infants who still do not assoiate their

prodution of sounds to hanges in their environment. The output of the system is

a binary voie ativity signal foused around a variable threshold over the frame-

wise energy of the input signal. When input signal is present, a reation in the

sreen of the omputer in the form of animated shapes and olors is produed.

Extremely straightforward feedbak is given in these games, as they are oriented

to small hildren with severe disabilities. This kind of games have also been reom-

mended by speialist and instrutors as helpful for the early exitation of infants

with severe disorders.

Intensity games permit a patient who has quite reently taken in the apaity

to reognize speeh prodution to learn to �gure out how to ontrol the volume of

that prodution. Speeh intensity is alulated as the framewise energy of the input

signal and is also used for the Voie Ativity Detetion (VAD). In intensity games,

an animated harater passes sreen from left to right (i.e. maze) and its position

in the vertial axis is orresponding to the intensity of the speeh prodution. With

this tehnique, the user has to modulate the intensity to avoid obstales or interat

with seondary haraters on sreen by raising or lowering the volume of speeh.

Breathing games utilize the assessed sonority value and applies a limit over

it to disover low sonority frames assoiated to unvoied areas. The detetion of

these unvoied speeh areas reates a movement in the sreen (a harater blows

windmills or a ball limbs up a blowpipe) resembling traditional tehniques in

speeh therapy to train this property.

Tone games follow the same approah as intensity games however they require

the user to ontrol the fundamental frequeny or pith instead of intensity, whih

is also needed for a orret speeh prodution. The fundamental frequeny, is used

where the main harater (butter�y) moves up and down as the user rises or lowers

the fundamental tone to make it interat with other haraters, while the pith

urve is shown on the upper right orner to help the therapist. Voalization games

goal is to transmit to the hild the proper artiulation of the vowels. In order

to ful�ll it's purpose voalization games, plot the formant map with the orret

standard distribution of the vowels. Beause vowel map depends from language,

voalization games were are initially developed to the �ve Spanish vowels:/a/,

/e/,/i/, /o/ and/u/. In the games, extration of formants is made using LPC

analysis and the result is depited in the sreen in the formant map, where the

user an ompare that vowel to the standard values. In improved versions of the

game voal trat normalization would be further needed to adapt the standard

values of formants to every user.

All the games within the "PreLingua" framework do not require any previous

on�guration apart from the use of a mirophone and their eduative value, relies

on the robustness of the speeh proessing and in the use of simple interfaes to

provide of reinforement and stimulation to the users (very young hildren with

severe disabilities).

2.3.3.3 Voaliza

"Voaliza's" main purpose is to train artiulation of the user in isolated words

and short phrases. While the basi task of "Voaliza" is to fous on the artiulatory

aspet of the language, it also introdues the user to the semantis and syntax levels

of language with several ativities. "Voaliza"'s on�guration interfae is the way

in whih the therapist reates the pro�les for the di�erent users of the appliation.

These pro�les ontain all the data related eah patient pratie's with "Voaliza"

(words to pratie, aousti data and interfae neessities of eah kid). When a

user pro�le is made, the ore of the appliation is onsisted of four ativities whih
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Figure 2.11: Tone game in PreLingua

are reated for speeh and language training. Speeh tehnologies are used in order

to supply user orret feedbak. Below this struture, the user interfae takes as

input patient's speeh; only the output of the system (text, audio and images) will

be displayed in automati way with the ompleteness of ativities by the patient,

not requiring any supervision by the therapist. Ativities for speeh and language

training, the use of speeh tehniques and the user interfae in "Voaliza" are

desribed in the following setions.

2.3.3.3.1 Ativities for language training

To make speeh and language therapy fasinating for kids, "Voaliza" prat-

ies three levels of the language (phonologial, semanti and syntati) presenting

several ativities. The phonologial level of pratiing is enouraging the user to

pronoune a set of words whih are preseleted by a speeh therapist during the

on�guration proedure to fous on the speial needs of every user. The applia-

tion uses ASR deoding on the pronuniation to aept, rejet and evaluate the

aepted utteranes via a word-level pronuniation veri�ation (PV) alulation

and displaying a sore as the �nal outome of the game.

The semanti level is pratied presenting a riddle game whih are preseleted

by a speeh therapist. The appliation is making a question to the user providing

three possible answers. The user must pronoune orret answer and ASR system

must aept it, in order to ontinue with the next riddle. The appliation will

display again sore relying upon the apability of the user to solve the riddle.

The user is pratiing with the syntati level uttering a set of phrases, whih

are preseleted by a speeh therapist. One again, the appliation is using ASR

in order to deode and aept the input pronuniation. If input pronuniation is

aepted, evaluation is taking plae and sore is displayed to the user.

2.3.3.3.2 Speeh tehnologies for speeh and language therapy

Speeh tehnologies whih are used by "Voaliza" are ASR, speeh synthesis,

aousti user adaptation and PV (pronuniation veri�ation). ASR is the main

tehnology of the appliation. Speeh therapy ativities needs ASR to deode user

pronuniation, and to deide whih word sequene had orret pronuniation. In

next step appliation informs user that the game has been ompleted suessfully.

Therefore, high performane of the ASR system embedded in the appliation is

strongly needed. Evaluation is done over a orpus with several impaired young

hildren.

Speeh synthesis gives an approah to display the user orret pronuniation

of a word or sentene, pointing out the orret pronuniation in the speeh therapy
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ativities. Every word, phrase and riddle is synthesized to be displayed to the end

user of the appliation during the games.

Speaker adaptation enables the appliation to alulate speaker-dependent

aousti models adapted to eah user. Speaker adaptation is strongly needed for

obtaining high performane, sine impaired speeh an have negative a�et in per-

formane of ASR, so that users who su�er from severe speeh issues would not be

able take advantage of the appliation.

PV is the route in whih the appliation provides an evaluation in the improve-

ment of user ommuniation skills. "Voaliza" uses a word-level Likelihood Ratio

(LR)-based Utterane Veri�ation (UV)-proedure to assign a metri of on�dene

to eah hypothesized word in an utterane. This tehnique alulates the distane

(as a ratio) between the likelihood of the input pronuniation to two models (one

generated from non-impaired speeh and one adapted to impaired speeh).

2.3.3.4 Cuentame

"Cuentame" ("Tell me" in Spanish) is developed for hildren with delays in

oral language learning and aims to improve their ommuniative skills. It shares

same philosophy with "Voaliza". "Cuentame" allows hildren to interat with the

appliation without supervise after neessary on�guration of the appliation by

the speeh therapist.

2.3.3.4.1 Ativities for language training

Three ativities are developed into the appliation. All of them onsists in

senarios of inreasing levels of di�ulty. Eah senario has to be solved by the

user via speeh. User is prompted to pronoune fully strutured phrases in all the

ativities via several audio-visual rewards. In question-answering ativities system

asks user an open-ended question. In next step, user has to provide an answer that

mathes the set of possible orret answers of that the program has generated. In

�gure 2.12 is depited how appliation hooses all the possible answers. Then the

speeh therapist selets the question that will be displayed to the patient and a

one-word answer to it (beause therapist has to type only one word, on�guring

all the ativities is simpli�ed). A ertain number of orret sentenes over the data

provided are generated by syntax and semanti analysis. When the user answers

the question, an ASR system looks for the keywords generated in the on�guration

step.

Figure 2.12: Generation of possible answers in "Cuentame"

The desriptive ativities goal is the desription of an objet by the user due to

a given group of attributes (shape, olor, et.); the user has to desribe the objet

until �lling up all the attributes. One again, the user has to use natural language
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and a set of possible orret phrases in order to give desription of objets. Eah

attribute is generated as in previous �gure.

The dialog ativities are developed to take after an oral ommand ontrol

interfae in whih a ertain environment is displaying to the user (house, shool,

shop). The user an interat with the environment with several ations (open,

take, push, et) and an use several objets (door, hair, TV, et) and is asked to

pronoune pairs of them (ation-objet) following a senario of ations that lead to

the desired target ahievement proposed by the appliation and the therapist (for

example, turn on the TV).

Figure 2.13: "Cuentame" interfae

2.3.3.5 SPECO

The SPECO Projet was founded by the EU through the INCO-COPERNICUS

program (Contrat no. 977126) in 1999 [28, K Visi and A Vary℄. In SPECO

projet an audio-visual pronuniation teahing and training tool has been devel-

oped for use by 5-10 years old hildren. Corretion of disordered speeh progresses

by real time visual display of speeh properties, in a way that is easy to under-

stand and fasinating for young hildren. The development of the speeh by this

method is taking plae basially on visual feedbak using the intat vision hannel

of the hearing impaired hild. However, during pratie limited auditory hannel is

being used too, by giving auditory information synhronised with the vision. This

multimodal training and teahing system have been developed for four languages

English, Swedish, Slovenian and Hungarian.

SPECO system onsists of two setions: the �rst setion is a language-independent

frame program, named as Measuring System and Editor while the seond is a Lan-

guage Dependent Referene Database �le. Their ombination is the Teahing and

Training Support, whih is the appliation for users. Generally, SPECO projet

has the ability to adapt teahing and training support of any language using a

well-de�ned database of the language. It alulates the di�erent aousti-phoneti

properties of the speeh signal, supports user in seletion of referene speeh ex-

amples and in plaement of the symboli pitures and bakground pitures into

their orret plaes. It is possible to reate a voabulary with a speial struture,

aording to the language.

The SPECO system has great �exibility. As it is used in many ases of

speeh disorders, allowing the speeh therapists to use it depending on the speeh
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Figure 2.14: Comparing spetrograms of "uZu" (below) and referene (top)

defet. These are for example, the di�erent speeh disorders with normal hearing,

with hearing impairment, et. and in the speial therapy in the ase of ohlear

implants.

2.3.3.6 Baldi

BALDI a 3-D omputer-animated talking head [29, Domini W. Massaro℄,[30,

Baldi Youtube video℄ was developed relying on the value of visible speeh in fae-

to-fae ommuniation. The quality and intelligibility of visible speeh is simulated

to regularly talking people. BALDI's visible speeh an be used with either syn-

thesized or natural auditory speeh. BALDI simulates the inside of the mouth

having teeth, tongue, and palate and his internal artiulatory movements have

been trained with eletropalatography and ultrasound data from natural speeh.

Priniples from linguistis, psyhology and pedagogy where ombined in order to

help users with language delays and issues. BALDI an be used by individuals who

are learning a new language.

It is possible using omputer-based instrution to inlude embodied onver-

sational agents rather than simply text or disembodied voies in lessons. Several

reasons why the use of audiovisual data from a talking head is so suessful exist.

These inlude:

(a) the information in visible speeh,

(b) the robustness of visual speeh,

() the omplementarity of auditory and visual speeh, and

(d) the optimal integration of these two soures of information.

Figure 2.15: BALDI, a omputer-animated talking head
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Chapter 3

Bakground & Requirements

An extensive bibliography researh has been done on speeh therapy tools for

hildren about 5-12 years old with several levels of hearing loss. The majority of

speeh therapy tools an be divided in two big ategories. In the �rst ategory, the

assisting tools are onsisting of a set of simple game-alike speeh exerises where

a hild has to interat with a omputer in order to ahieve ertain goals. The

interation is ahieved through audio and visual feedbak where ertain speeh

properties are viewed (pith, voie intensity, rhythm, friative/a�riative pronun-

iation et). Also guidelines in the plaement of speeh organs (tongue, teeth,

palate et) are provided through pitures. Some examples of the �rst ategory are

SPECO and Communia Projet [2, Klara Visi℄, [25, Visi K Roah P Oster A

Kai Z Barzikay P Tantos A Catari F Baksi Zs and Sfakianaki A℄.

In the seond ategory, tools are onsisting of a set of simple speeh exerises

where a hild is guided to omplete through a virtual talking head. In these ex-

erises a hild is trained in order to develop skills about ertain speeh properties

(pith, voie intensity, rhythm, friative/a�riative pronuniation et). Addition-

ally, this approah is taking advantage of the faial expressions whih are reated

in the proess of ommuniation. Furthermore, a hild an learn how to use speeh

organs (tongue, teeth, palate et) easily beause of the ability of the tool to view

the plaement of the internal organs of speeh for every speeh syllable / target

(transparent skin, several views of mouth). Faial expressions with the ombina-

tion of audio feedbak are ruial for the understanding of meaning. BALDI and

Vivian [29, Domini W. Massaro℄,[31, Sasha Fagel & Katja Madany℄,[30, Baldi

youtube video℄ are the most representative examples on this ategory.

.

3.1 Our approah

The main disadvantage of the existing tools is that they are developed for

ommerial use. Therefore, the ost to obtain a speeh therapy tool is quite high

espeially if it is oriented for publi use (e.g in publi shools for eduational pur-

poses). Moreover, these tools are not easily adaptive and �exible. As they are

oriented for standalone ommerial use, the update proess lasts in time and osts

money as most of the times to get an updated version requires to pay for the whole

program again. Furthermore, none of the tools is developed for use by Greek

hildren.

These disadvantages motivated us to propose a �exible, free distributed design

approah. Our proposed tool is developed in Greek for use via Web. Therefore, an

online speeh therapy tool is suggested whih will be available 24 hours a day for

everyone. This speeh therapy tool will be aimed for use by Greek hildren 5-12

years old, with several levels of hearing loss and will be free of harge. As it will
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be available through WEB, it has no update and distribution limitations.

More spei�ally, speeh therapy tools are in the form of browser game olle-

tion. Input is reeived through mirophone, and users of the tool reeive feedbak

through sreen (visual) and speakers (audio). In eah browser game a speeh

property is being tested. The user tries to ahieve ertain goals for this speeh

property. Speeh properties whih are tested are pith detetion, voie intensity

and phoneme pronuniation through spetrogram reognization. However, more

speeh properties an be added in future. After all in web-based appliations this

is quite easy.

Additionally, statistial analysis is provided in order to follow hildren's per-

formane on eah task. Users of browser games will be alled to login to the

system in order to keep their statistis. Speial information graphs are generated

demonstrating hildren's performane through time for di�erene tasks. More-

over, through the "performane statistis" feedbak an also be provided to the

supervisors of the tool. Games not so assisting on hildren an be replaed by oth-

ers. Some indiative senario examples of the user interation with the proposed

browser games are desribed below:

1. Pith detetion. The user is talking to the mirophone. In the sreen appears

a spaeship whih is travelling in spae and an asteroid. User has to try to

land starship on asteroid only by hanging the pith of his voie. Starship is

looping over the spae until starship lands on asteroid.

2. Voie intensity. The user is talking to the mirophone. In the sreen appears

a spaeship whih is travelling in spae and several asteroids whih they form

several patterns. The user is trying to manage voie intensity in order to

reah every asteroid. Starship is travelling until end of sreen is reahed.

3. Phoneme pronuniation - Spetrogram reognition. The user is talking to

the mirophone. Spetrograms for eah phoneme is produed. User tries

to math his spetrogram prodution with referene spetrograms that are

provided through our web page.

3.2 Implementation

In order to implement our design approah we took advantage of the abstra-

tion and salability of one of the mainstream frameworks suh as Apahe Tomat

and Apahe Shiro [32, Apahe Tomat℄, [33, Apahe Shiro℄. This approah provides

us with the neessary tehnologies in order to ahieve ontent and appearane sep-

aration, database abstration aording to the MVC (Model View Content) model

along with advaned user management and platform agnosti data soure tehnolo-

gies suh as REST. One indiative solution ould use Apahe Tomat along with

Apahe Shiro, Hibernate, RestEasy and MySQL [34, RestEasy℄, [35, MySQL℄, [36,

Hibernate℄. In a possible senario of the interation of the user with the system,

the user will be presented with a login sreen, type his redentials, be authenti-

ated and redireted to a web site with the available browser games. In order to

aomplish these tasks a oordination of several steps will be required. The Apahe

Shiro, that is a Java seurity framework, will retrieve the available redentials from

the database through the Hibernate ORM and ompare it with those provided by

the user. If these redentials math to eah other, then user is redireted to the

home page of our web site and the available browser games will be presented to the

user. After the suessful login and the ompletion of one of the available browser

games, the game appliation will onnet with Apahe Tomat in order to save

the sores ahieved by the user and retrieve statistial information about previous
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games. This is ahieved through the ombined use of the Apahe Shiro, the Hiber-

nate ORM and RestEasy modules. The arhiteture of the desribed proedure is

displayed in the following diagram �gure 3.1.

Browser

Application architecture

Databases (MySQL)

Web server (Tomcat)

Apache Shiro Hibernate ORM Communication protocol (REST)

Application server plugins

Figure 3.1: Arhiteture of our approah

The browser games are written either as Java appliations (applets) or Javasript,

that are reeiving input from the sound devies of the running system. A ompari-

son of both tehnologies is taking plae. User interation will be ahieved through

speeh parameters and image variations that will follow speeh parameters(visual

feedbak). JAVA applets and Javasript appliations are implemented in Elipse

and tested through all known browsers for their funtionality (IE, Mozilla Firefox,

Chrome, Safari, Opera).

3.3 Brief desription of eah ooperating part of our

system

As it is mentioned in previous hapters, the �eld is highly multidisiplinary.

It bene�ts from knowledge in omputer siene, statistis and signal proessing.

Also a designer of game interfaes for hildren has to take into onsideration the

hildhood nature in order to earn their interest. This ould be ahieved through

attrative olors and interesting senarios or missions of eah game.

In our basi sene for our games a spaeship travels through spae and has

to land for supplies to several asteroids. Eah asteroid symbolize a spae station.

Further more the height of eah asteroid stands for one speeh property, in our

ase pith and intensity (sound pressure level). The system draws a spaeship in

new height position aording to the estimated pith and SPL. Both alulations

and drawings are taking plae in real time. The result of this e�ort is the desired

voie training for eah level.

Audio hannel is not used beause we fous only in visual feedbak. Also

we onsider our user pro�le to be onsisted from hildren 5-12 years old with
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post lingual severe hearing loss. Therefore, it would be muh less important to

provide feedbak from audio hannel too. Despite this fat, audio feedbak ould

be implemented in future versions. Spetrograms of phoneme pronuniation is

also provided in real time for omparison with referene spetrograms. In this

setion we will present in simple words a brief desription of eah involving part

and how everything is ooperating with eah other in order to ahieve desired user

interation experiene.

3.3.1 Speeh proessing

3.3.1.1 Pith estimation

Main purpose of a pith detetion algorithm (PDA) is to alulate the pith

of a quasiperiodi or virtually periodi signal. Some typial examples of periodi

signal ould be a digital reording of speeh or a musial note or tone. Pith

detetion algorithms ould be alulated either in time domain or in the frequeny

domain or in both domains. PDAs are used in various areas (e.g. phonetis, speeh

oding et) and so di�erent demands are plaed upon the algorithm. Nowadays

there is no single ideal PDA, so several algorithms exist, most of them are lassi�ed

in the ategories below [37, Pith detetion algorithm℄.

3.3.1.1.1 Time-domain approahes

In the time domain, a PDA alulates the period of a quasiperiodi signal,

then inverts that value in order to estimate frequeny. One basi methodology

would be to measure the distane between zero rossing points of the signal (i.e.

the Zero-rossing rate). However, this may not work equally well with omplex

waveforms beause they are made out of multiple sine waves with di�ering periods.

Despite that fat, zero-rossing an be a useful measure sometimes, e.g. in some

speeh appliations where there is only one single soure. Beause of the algorithm's

simpliity it is "heap" to implement.

More lever methodologies ompare segments of the signal with other seg-

ments moved by trial period to �nd a math. This is basi algorithm funtionality

of autoorrelation algorithms like AMDF (average magnitude di�erene funtion)

or ASMDF (Average Squared Mean Di�erene Funtion). These algorithms an

produe exellent results for highly periodi signals but when they are used on

noisy signals they have false detetion problems (often "otave errors") and - in

their basi implementations - do not deal well with polyphoni sounds (whih in-

volve multiple musial notes of di�erent pithes).

Basi ore of urrent time-domain pith detetor algorithms is reated with

additional improvements to bring the performane more in line with a human

evaluation of pith. For instane, YIN algorithm is based upon autoorrelation

[37, Pith detetion algorithm℄.

3.3.1.1.2 Frequeny-domain approahes

In the frequeny domain, alulation of polyphoni signal is possible usually

using the periodogram to onvert the signal to frequeny spetrum. Proessing

power grows up as the desired auray inreases, despite the well-known e�ieny

of the FFT whih is a part of estimating periodogram algorithm, makes it suitably

e�ient for many purposes.

Steps of popular frequeny domain algorithms inlude: the harmoni produt

spetrum; epstral analysis and maximum likelihood whih attempts to math

the frequeny domain harateristis to pre-de�ned frequeny maps (useful for
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deteting pith of �xed tuning instruments); and the detetion of peaks due to

harmoni series.[37, Pith detetion algorithm℄.

3.3.1.1.3 Spetral/temporal approahes

Spetral and/or temporal pith detetion algorithms, for example the YAAPT

pith traking, in order to detet pith they ombine time domain proessing utiliz-

ing an autoorrelation funtion suh as normalized ross orrelation, and frequeny

domain proessing using spetral information. Next step is to �nd �nal pith trak

among the andidates estimated from the two domains, utilizing dynami program-

ming. Bene�ts of these approahes is that the traking error in one domain an be

redued by the proess in the other domain [37, Pith detetion algorithm℄.

3.3.1.1.4 Fundamental frequeny of speeh

The fundamental frequeny of speeh ranges from 40 Hz (for example low-

pithed male voies) to 600 Hz (for example hildren or high-pithed female voies).

In order to detet pith, autoorrelation methods need at least two pith periods.

For instane if someone wants to detet a fundamental frequeny of 40 Hz then at

least 50 milliseonds (ms) of the speeh signal are required for proessing. However,

during 50 ms the fundamental frequeny is not neessarily onstant in the entire

length of the window[37, Pith detetion algorithm℄.

3.3.1.1.5 YIN algorithm - The method

For the purposes of our work, we seleted to implement YIN algorithm in

order to detet pith. It is based on the well-known autoorrelation method with a

number of modi�ations that ombine to prevent errors. The algorithm has several

desirable features. There is no upper limit on the frequeny searh range, so the

algorithm is suited for high-pithed voies and musi. The algorithm is relatively

simple and may be implemented e�iently and with low lateny, and it involves

few parameters that must be tuned. It is based on a signal model (periodi signal)

that may be extended in several ways to handle various forms of aperiodiity that

our in partiular appliations. [38, YIN a fundamental frequeny estimator for

speeh and musi℄. YIN algorithm inludes 6 steps for pith estimation. These are:

Step 1: autocorrelation Step 2: Difference function

Step 3: Cumulative mean 
normalized difference
function

Step 4: Absolute threshold

Step 5: Parabolic interpolation Step 6: Best local estimate

Figure 3.2: Basi �owhart for YIN algorithm

A more detailed desription of eah step is given below:
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Step 1:The autoorrelation method

The autoorrelation funtion (ACF) of a disrete signal x

t

may be de�ned as

rt(τ) =
τ+W∑

j=τ+1

xjx(j + τ) (3.1)

where r

t

(τ) is the autoorrelation funtion of lag τ, alulated at time index t

and W is the integration window size.

Figure 3.3: (a):Example of a speeh waveform. (b):Autoorrelation funtion

Figure 3.3(b) show the autoorrelation funtion of the signal of Figure 3.3(a)

in same �gure. The ACF shows peaks at multiples of the period. The "autoorre-

lation method" hooses the highest non-zero-lag peak by exhaustive searh within

a range of lags horizontal arrows in Figure 3.3(b). The "autoorrelation method"

hooses the highest non-zero-lag peak by exhaustive searh within a range of lags

(horizontal arrows in Figure 3.3). Obviously if the lower limit is too lose to zero,

the algorithm may erroneously hoose the zero-lag peak. Conversely, if the higher

limit is large enough, it may erroneously hoose a higher-order peak.

The autoorrelation method ompares the signal to its shifted self. In that

sense it is related to the Average Magnitude Di�erene Funtion (AMDF) method

that performs its omparison using di�erenes rather than produts, and more

generally to time-domain methods that measure intervals between events in time.

The ACF is the Fourier transform of the power spetrum, and an be seen as

measuring the regular spaing of harmonis within that spetrum. The epstrum

method replaes the power spetrum by the log magnitude spetrum and thus puts

less weight on high - amplitude parts of the spetrum (partiularly near the �rst

formant that often dominates the ACF).

Similar "spetral whitening" e�ets an be obtained by linear preditive in-

verse �ltering or enter-lipping, or by splitting the signal over a bank of �lters,

alulating ACFs within eah hannel, and adding the results after amplitude nor-

malization. Auditory models based on autoorrelation are urrently one of the more

popular ways to explain pith pereption. Despite its appeal and many e�orts to

improve its performane, the autoorrelation method makes too many errors for
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many appliations. The following steps are designed to redue error rates.

Step 2:Di�erene funtion

We start by modeling the signal x

t

as a periodi funtion with period T, by

de�nition invariant for a time shift of T:

xt − xt+T = 0,∀t (3.2)

The same is true after taking the square and averaging over a window:

τ+W∑

j=τ+1

(xj − xj+τ )
2 = 0 (3.3)

Conversely, an unknown period may be found by forming the di�erene fun-

tion:

dt(τ) =

W∑

j=1

(xj − xj+τ )
2

(3.4)

and searhing for the values of τ for whih the funtion is zero. There is an in�nite

set of suh values, all multiples of the period. The di�erene funtion alulated

from the signal in Figure 3.3(a) is illustrated in Figure 3.4.

Figure 3.4: Di�erene funtion alulated for the speeh signal of Figure 3.3 (a)

The squared sum may be expanded and the funtion expressed in terms of

the ACF:

dt(τ) = rt(0) + rt+T (0)− 2rt(τ) (3.5)

The �rst two terms are energy terms. Were they onstant, the di�erene

funtion d

t

(τ) would vary as the opposite of r

t

(τ), and searhing for a minimum of

one or the maximum of the other would give the same result. However, the seond

energy term also varies with τ, implying that maxima of r
t

(τ) and minima of d

t

(τ)
may sometimes not oinide.

Step 3: Cumulative mean normalized di�erene

The di�erene funtion of Figure 3.4 is zero at zero lag and often non-zero at

the period beause of imperfet periodiity. Unless a lower limit is set on the searh

range, the algorithm must hoose the zero-lag dip instead of the period dip and

the method must fail. Even if a limit is set, a strong resonane at the �rst formant

(F1) might produe a series of seondary dips, one of whih might be deeper than

the period dip. A lower limit on the searh range is not a satisfatory way of

avoiding this problem beause the ranges of F1 and F0 are known to overlap. The

solution that is proposed is to replae the di�erene funtion by the "umulative
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mean normalized di�erene funtion" :

d′t(τ) =

{
1, if τ=0

dt(τ)
(1/τ)

∑τ
j=1

(dt(j))
, otherwise

(3.6)

This new funtion is obtained by dividing eah value of the old by its average over

shorter-lag values. It di�ers from d(τ) in that it starts at 1 rather than 0, tends

to remain large at low lags, and drops below 1 only where d(τ) falls below average

Figure 3.5. Replaing d by d' redues "too high" errors, as re�eted by an error

rate of 1.69% (instead of 1.95%). A seond bene�t is to do away with the upper

frequeny limit of the searh range, no longer needed to avoid the zero-lag dip. A

third bene�t is to normalize the funtion for the next error-redution step.

Figure 3.5: Cumulative mean normalized di�erene funtion of Figure 3.4 (a)

Step 4:Absolute threshold

It easily happens that one of the higher-order dips of the di�erene funtion

in Figure 3.4 is deeper than the period dip. If it falls within the searh range, the

result is a subharmoni error, sometimes alled "otave error" (improperly beause

not neessarily in a power of 2 ratio with the orret value). The autoorrelation

method is likewise prone to hoosing a high-order peak.

The solution we propose is to set an absolute threshold and hoose the smallest

value of τ, that gives a minimum of d' deeper than that threshold. If none is found,

the global minimum is hosen instead. With a threshold of 0.1, the error rate

drops to 0.78 % (from 1.69%) as a onsequene of a redution of "too low" errors

aompanied by a very slight inrease of "too high" errors. This step implements

the word "smallest" in the phrase "the period is the smallest positive member

of a set" (the previous step implemented the word "positive"). The threshold

determines the list of andidates admitted to the set, and an be interpreted as

the proportion of aperiodi power tolerated within a "periodi" signal. To see this,

onsider the identity:

2(x2t + x2t+T ) = (xt + xt+T )
2 + (xt − xt+T )

2
(3.7)

Taking the average over a window and dividing by 4,

1

2W

t+W∑

j=t+1

(x2j + x2j+τ ) =
1

4W

t+W∑

j=t+1

(x2j + xj+τ )
2 +

1

4W
X

t+W∑

j=t+1

(x2j − xj+τ )
2

(3.8)
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The left-hand side approximates the power of the signal. The two terms

on the right-hand side, both positive, onstitute a partition of this power. The

seond is zero if the signal is periodi with period T, and is una�eted by adding

or subtrating periodi omponents at that period. It an be interpreted as the

"aperiodi power" omponent of the signal power. With t=T the numerator of

Equation 3.6 is proportional to periodi power whereas its denominator, average

of d(τ) for τ, between 0 and T, is approximately twie the signal power. Thus,

d'(T) is proportional to the aperiodi/total power ratio. A andidate T is aepted

in the set if this ratio is below threshold. We'll see later on that the exat value of

this threshold does not ritially a�et error rates.

Step 5:Paraboli interpolation

The previous steps work as advertised if the period is a multiple of the sam-

pling period. If not, the estimate may be inorret by up to half the sampling

period. Worse, the larger value of d'(τ) sampled away from the dip may interfere

with the proess that hooses among dips, thus ausing a gross error. A solution

to this problem is paraboli interpolation. Eah loal minimum of d'(τ) and its

immediate neighbors is �t by a parabola, and the ordinate of the interpolated min-

imum is used in the dip-seletion proess. The absissa of the seleted minimum

then serves as a period estimate. Atually, one �nds that the estimate obtained in

this way is slightly biased. To avoid this bias, the absissa of the orresponding

minimum of the raw di�erene funtion d(τ) is used instead.

Interpolation of d'(τ) or d(τ) is omputationally heaper than upsampling the

signal, and aurate to the extent that d(τ) an be modeled as a quadrati funtion
near the dip. Simple reasoning argues that this should be the ase if the signal

is band-limited. First, reall that the ACF is the Fourier transform of the power

spetrum: if the signal x

t

is bandlimited, so is its ACF. Seond, the ACF is a sum of

osines, whih an be approximated near zero by a Taylor series with even powers.

Terms of degree 4 or more ome mainly from the highest frequeny omponents,

and if these are absent or weak the funtion is aurately represented by lower

order terms (quadrati and onstant). Finally, note that the period peak has the

same shape as the zero-lag peak, and the same shape (modulo a hange in sign)

as the period dip of d(τ), whih in turn is similar to that of d'(τ). Thus, paraboli
interpolation of a dip is aurate unless the signal ontains strong high-frequeny

omponents (in pratie,above about one-quarter of the sampling rate).

Step 6:Best loal estimate

The role of integration in Eqs. 3.3 and 3.4 is to ensure that estimates are

stable and do not �utuate on the time sale of the fundamental period. Conversely,

any suh �utuation, if observed, should not be onsidered genuine. It is sometimes

found, for nonstationary speeh intervals, that the estimate fails at a ertain phase

of the period that usually oinides with a relatively high value of d'(T

t

), where

T

t

is the period estimate at time t. At another phase (time t') the estimate may

be orret and the value of d'(T

t'

) smaller. Step 6 takes advantage of this fat, by

"shopping" around the viinity of eah analysis point for a better estimate.

The algorithm is the following. For eah time index t, searh for a minimum

of d'θ(Tθ) for θ within a small interval [t-T

max

/2, t+T

max

/2℄, where Tθ is the

estimate at time θ and T

max

is the largest expeted period. Based on this initial

estimate, the estimation algorithm is applied again with a restrited searh range

to obtain the �nal estimate. Using T

max

=25 ms and a �nal searh range of ±20%
of the initial estimate, step 6 redued the error rate to 0.5% (from 0.77%). Step

6 is reminisent of median smoothing or dynami programming tehniques, but
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di�ers in that it takes into aount a relatively short interval and bases its hoie

on quality rather than mere ontinuity. The ombination of steps 1-6 onstitutes

a new method (YIN). It is worth noting how the steps build upon one another.

Replaing the ACF (step 1) by the di�erene funtion (step 2) paves the way for

the umulative mean normalization operation (step 3), upon whih are based the

threshold sheme (step 4) and the measure d'(T) that selets the best loal estimate

(step 6). Paraboli interpolation (step 5) is independent from other steps, although

it relies on the spetral properties of the ACF (step 1).

3.3.1.2 SPL estimation

Sound pressure or aousti pressure is the loal pressure deviation from the

atmospheri pressure, aused by a sound wave. We an alulate sound pressure

in air using a mirophone, and in water with a hydrophone. The SI unit for sound

pressure p is the pasal (symbol: Pa). Sound pressure level (SPL) is a logarithmi

metri of the e�etive sound pressure of a sound relative to a referene value.

It is measured in deibels (dB) above a standard referene level. The standard

referene sound pressure in air or other gases is 20 μPa, whih is usually onsidered

the threshold of human hearing (at 1 kHz) [39, SPL℄.

Lp = 10 log10

(
prms

2

pref2

)
= 20 log10

(
prms

pref

)
dB (3.9)

where pref is the referene sound pressure and prms is the rms sound pressure

being measured.

Sometimes variants are used suh as dB (SPL), dBSPL, or dBSPL. The om-

monly used referene sound pressure in air is pref = 20 μPa (rms) or 0.0002 dy-

nes/m2, whih is usually onsidered the threshold of human hearing (roughly the

sound of a mosquito �ying 3 m away). Most sound level measurements will be

made relative to this level, meaning 1 pasal will equal an SPL of 94 dB. In other

media, suh as underwater, a referene level of 1 μPa is used. These referenes are

de�ned in ANSI S1.1-1994.

The lower limit of audibility is de�ned as SPL of 0 dB, but the upper limit is

not as learly de�ned. While 1 atm (194 dB Peak or 191 dB SPL) is the largest

pressure variation an undistorted sound wave an have in Earth's atmosphere,

larger sound waves an be present in other atmospheres or other media suh as

under water, or through the Earth.

Ears detet hanges in sound pressure. Human hearing does not have a �at

spetral sensitivity (frequeny response) relative to frequeny versus amplitude.

Humans do not pereive low- and high-frequeny sounds as well as they pereive

sounds near 2,000 Hz, as shown in the equal-loudness ontour in Figure 3.6. Be-

ause the frequeny response of human hearing hanges with amplitude, three

weightings have been established for measuring sound pressure: A, B and C. A-

weighting applies to sound pressures levels up to 55 dB, B-weighting applies to

sound pressures levels between 55 and 85 dB, and C-weighting is for measuring

sound pressure levels above 85dB.

In order to distinguish the di�erent sound measures a su�x is used: A-

weighted sound pressure level is written either as dBA or LA. B-weighted sound

pressure level is written either as dBB or LB, and C-weighted sound pressure level

is written either as dBC or LC. Unweighted sound pressure level is alled "linear

sound pressure level" and is often written as dBL or just L. Some sound measuring

instruments use the letter "Z" as an indiation of linear SPL.
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Figure 3.6: Equal-loudness ontour

3.3.2 Apahe Shiro

Apahe Shiro is a ompelling and adaptable open-soure seurity framework

that leanly handles authentiation, authorization, enterprise session management

and ryptography.

Apahe Shiro's main goal is to be easy to use and omprehend. Seurity an

be exeptionally omplex sometimes, even painful, but it doesn't have to be. A

framework should solve omplexities as soon as possible and supply user a easy and

pratial API that help developer's to develop seure appliation(s) [33, Apahe

Shiro℄.

Here are some things that Apahe Shiro supports:

• Authentiate a user to verify their identity

• Perform aess ontrol for a user, suh as:

� Determine if a user is assigned a ertain seurity role or not

� Determine if a user is permitted to do something or not

• Use a Session API in any environment, even without web or EJB ontainers.

• Reat to events during authentiation, aess ontrol, or during a session's

lifetime.

• Aggregate one or more data soures of user seurity data and present this all

as a single omposite user 'view'.

• Enable Single Sign On (SSO) funtionality

• Enable 'Remember Me' servies for user assoiation without login ... and

muh more - all integrated into a ohesive easy-to-use API.

Shiro attempts to ahieve these objetives for all possible appliation envi-

ronments - from the simplest ommand line appliation to the largest enterprise

appliations, without onstraining onditions on other 3rd party frameworks, on-

tainers, or appliation servers. Obviously the projet intends to integrate into

these environments wherever possible, but it ould be used out-of-the-ase in any

environment.
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3.3.2.1 Apahe Shiro Features

Apahe Shiro is an understandable appliation seurity framework with many

apabilities. The following diagram displays where Shiro fouses its development

so far

Figure 3.7: Shiro features

Shiro foused what the Shiro development team alls "the four ornerstones

of appliation seurity" - Authentiation, Authorization, Session Management, and

Cryptography:

• Authentiation: Sometimes referred to as 'login', this is the at of proving a

user is who they say they are.

• Authorization: The proess of aess ontrol, i.e. determining 'who' has

aess to 'what'.

• Session Management: Managing user-spei� sessions, even in non-web or

EJB appliations.

• Cryptography: Keeping data seure using ryptographi algorithms while

still being easy to use.

There are also additional features to support and reinfore these onerns in

di�erent appliation environments, espeially:

• Web Support: Shiro's web support APIs help easily seure web appliations.

• Cahing: Cahing is a �rst-tier itizen in Apahe Shiro's API to ensure that

seurity operations remain fast and e�ient.

• Conurreny: Apahe Shiro supports multi-threaded appliations with its

onurreny features.

• Testing: Test support exists to help you write unit and integration tests and

ensure your ode will be seured as expeted.

• "Run As": A feature that allows users to assume the identity of another user

(if they are allowed), sometimes useful in administrative senarios.

• "Remember Me": Remember users' identities aross sessions so they only

need to log in when mandatory.

36



3.3.3 Hibernate ORM

Hibernate ORM (Hibernate in short) is an objet-relational mapping library

for the Java language, providing a framework for mapping an objet-oriented do-

main model to a traditional relational database. Hibernate solves objet-relational

impedane mismath problems by replaing diret persistene-related database a-

esses with high-level objet handling funtions. Hibernate is a free software that is

distributed under the GNU Lesser General Publi Liense. Hibernate's ore feature

is mapping from Java lasses to database tables (and from Java data types to SQL

data types). Hibernate also provides data query and retrieval features. It reates

SQL alls and helps the developer to avoid manual result set handling and objet

onversion. Appliations who use Hibernate an be transferred to supported SQL

databases with little performane overhead [36, Hibernate℄.

3.3.3.1 Mapping

Mapping Java lasses to database tables is aomplished through the on�g-

uration of an XML �le or by using Java Annotations. When using an XML �le,

Hibernate an generate skeleton soure ode for the persistene lasses. This is

unneessary when annotations are used. Hibernate an use the XML �le or the an-

notations to maintain the database shema. Failities to arrange one-to-many and

many-to-many relationships between lasses are provided. In addition to manag-

ing assoiations between objets, Hibernate an also manage re�exive assoiations

where an objet has a one-to-many relationship with other instanes of its own

type.

Hibernate supports the mapping of ustom value types. This makes the fol-

lowing senarios possible:

• Overriding the default SQL type that Hibernate hooses when mapping a

olumn to a property.

• Mapping Java Enum to olumns as if they were regular properties.

• Mapping a single property to multiple olumns.

De�nition: Objets in a front-end appliation follow OOP priniples, while objets

in the bak-end follow database normalization priniples, resulting in di�erent rep-

resentation requirements. This problem is alled "objet-relational impedane mis-

math". Mapping is a way of resolving the impedane mismath problem. Mapping

tells the ORM tool whih java lass objet an appliation is needed to be store in

whih table of database.

3.3.3.2 HQL

Hibernate provides an SQL inspired language alled Hibernate Query Lan-

guage (HQL) whih allows SQL-like queries to be written against Hibernate's data

objets. Criteria Queries are provided as an objet-oriented alternative to HQL.

Criteria Query is used to modify the objets and provide the restrition for the

objets.

3.3.3.3 Persistene

Hibernate provides transparent persistene for Plain Old Java Objets (PO-

JOs). The only strit requirement for a persistent lass is a no-argument on-

strutor, not neessarily publi. Proper behavior in some appliations also requires

speial attention to the equals() and hashCode() methods.
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Colletions of data objets are typially stored in Java olletion objets suh

as Set and List. Java generis, introdued in Java 5, are supported. Hibernate an

be on�gured to lazy load assoiated olletions. Lazy loading is the default as of

Hibernate 3. Related objets an be on�gured to asade operations from one to

the other. For example, a parent Album objet an be on�gured to asade its save

and/or delete operation to its hild Trak objets. This an redue development

time and ensure referential integrity. A dirty heking feature avoids unneessary

database write ations by performing SQL updates only on the modi�ed �elds of

persistent objets.

3.3.3.4 Integration

Hibernate an be used both in standalone Java appliations and in Java EE

appliations using servlets, EJB session beans, and JBI servie omponents. It

an also be inluded as a feature in other programming languages. For example,

Adobe integrated Hibernate into version 9 of ColdFusion (whih runs on J2EE app

servers) with an abstration layer of new funtions and syntax added into CFML.

3.3.3.5 Entities and omponents

In Hibernate jargon, an entity is a stand-alone objet in Hibernate's persistent

mehanism whih an be manipulated independently of other objets. In ontrast,

a omponent is subordinate to an entity and an be manipulated only with respet

to that entity. For example, an Album objet may represent an entity but the

Traks objet assoiated with the Album objets would represent a omponent of

the Album entity if it is assumed that Traks an only be saved or retrieved from

the database through the Album objet. Unlike J2EE, it an swith databases.

3.3.4 MySQL

MySQL is (sine Marh 2014) ranked as the world's seond most popular

open-soure relational database management system (RDBMS). My of MySQL was

inspired by o-founder Mihael Widenius's daughter, My. The SQL is an aronym

for Strutured Query Language. The MySQL projet soure ode is distributed

under the terms of the GNU General Publi Liense, as well as under a variety of

proprietary agreements. [35, MySQL desription℄.

MySQL is a popular hoie of database for use in web appliations, and is a

entral omponent of the widely used LAMP and XAMPP open soure web appli-

ation software (and other 'AMP' software). Commerial editions are available too

with extra features. Some representative appliations whih use MySQL inlude:

TYPO3, MODx, Joomla, WordPress and others. Also several popular websites,

suh as Wikipedia, Google, Faebook have used MySQL.

3.3.5 XAMPP

XAMPP's name is an aronym for [40, XAMPP desription℄:

• X (to be read as "ross", meaning ross-platform)

• Apahe HTTP Server

• MySQL

• PHP

• Perl
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In order to use XAMPP a single zip, tar, 7z, or exe �le to be downloaded and

exeuted is reuired. Additionally no on�guration of the various omponents that

onsist the web server is required. XAMPP periodially downloads latest updates

in order to take advantage from latest releases of Apahe, MySQL, PHP and Perl.

It also provides extra features suh as OpenSSL and phpMyAdmin. Further more

self-ontained, and multiple instanes of XAMPP an exist on a single omputer.

Finally a given instane an be transferred from one omputer system to another.

As developers of XAMPP delare XAMPP is intended to be used only as a

development tool, in order to allow website designers and programmers to hek

their work on their own omputers with no aess to the Internet. To make this

e�ort painless as possible, several important seurity features are disabled by de-

fault. Nevertheless, XAMPP an be used to atually serve web pages on the World

Wide Web. A speial tool is provided for password in order to seure the most

important parts of the pakage.

XAMPP also stands for reating and managing several databases suh as

MySQL and SQLite. At the moment installation of XAMPP is ready, it is possible

to treat a loalhost just like a remote host by onneting using an FTP lient. In

the ase of installing a ontent management system (CMS) like Joomla or Word-

Press utilizing a program like FileZilla has many advantages. Onother option is

to onnet to loalhost via FTP with an HTML editor. The default FTP user is

"newuser", the default FTP password is "wampp". The default MySQL user is

"root" while there is no default MySQL password.

• XAMPP 1.8.3-4 for Windows, inluding:

� Apahe 2.4.9

� MySQL 5.6.16

� PHP 5.5.11

� phpMyAdmin 4.1.12

� FileZilla FTP Server 0.9.41

� Tomat 7.0.42

� Strawberry Perl 5.16.3.1 Portable

� XAMPP Control Panel 3.2.1

• XAMPP 1.8.3-4 for Linux, inluding:

� Apahe 2.4.9

� MySQL 5.6.16

� PHP 5.5.11

� phpMyAdmin 4.1.12

� OpenSSL 1.0.1

3.3.6 Representational state transfer (REST)

3.3.6.1 What is REST?

REST is named by Roy Fielding in his Ph.D. dissertation to desribe an

arhiteture style of networked systems. REST is an aronym standing for Repre-

sentational State Transfer [41, Rest desription℄.
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3.3.6.2 Why is it alled Representational State Transfer?

The Web is omprised of resoures. A resoure is any item of interest. For

example, the Boeing Airraft Corp may de�ne a 747 resoure. Clients may aess

that resoure with this URL: http://www.boeing.om/airraft/747

A representation of the resoure is returned (e.g., Boeing747.html). The repre-

sentation plaes the lient appliation in a state. The result of the lient traversing

a hyperlink in Boeing747.html is another resoure is aessed. The new repre-

sentation plaes the lient appliation into yet another state. Thus, the lient

appliation hanges (transfers) state with eah resoure representation �> Repre-

sentational State Transfer! Here is Roy Fielding's [42, Arhitetural Styles and

the Design of Network-based Software Arhitetures℄ explanation of the meaning

of Representational State Transfer:

"Representational State Transfer is intended to evoke an image of how a

well-designed Web appliation behaves: a network of web pages (a virtual state-

mahine), where the user progresses through an appliation by seleting links (state

transitions), resulting in the next page (representing the next state of the applia-

tion) being transferred to the user and rendered for their use."

3.3.6.3 Motivation for REST

The motivation for REST was to oneive the features of the Web whih

made the Web suessful. Subsequently these features are being used to guide the

progress of the Web.

3.3.6.4 REST - An Arhitetural Style, Not a Standard

REST is not a standard neither a spei�ation to be found in W3C. IBM or

Mirosoft an not sell a REST developer's toolkit. That is beause REST is just an

arhitetural style. You an't pakage up that style. You an only omprehend it,

and use it in order to develop your Web servies following in that style similar to

the lient-server arhitetural style. There is no lient-server standard. Although

REST is not a standard, it use standards:

• HTTP

• URL

• XML/HTML/GIF/JPEG/et (Resoure Representations)

• text/xml, text/html, image/gif, image/jpeg, et (MIME Types)

3.3.6.5 The Classi REST System

The Web is a REST system by itself! Representative popular Web servies

are book-ordering servies, searh servies, online ditionary servies and others.

So it's possible that you have been using REST, building REST servies and you

didn't even know it. REST is interested in the "big piture" of the World Wide

Web and does not deal with implementation details (for example using Java servlets

or CGI to implement a Web servie). Here is an example of reating a Web servie

from the REST "big piture" aspet.

3.3.6.6 Parts Depot Web Servies

Parts Depot, In (�titious ompany) has deployed some web servies to en-

able its ustomers to:

• get a list of parts
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• get detailed information about a partiular part

• submit a Purhase Order (PO)

Let's onsider how eah of these servies are implemented in a RESTful fash-

ion.

3.3.6.7 Get Parts List

The web servie makes available a URL to a parts list resoure. For example, a

lient would use this URL to get the parts list: http://www.parts-depot.om/parts

Note that "how" the web servie generates the parts list is ompletely trans-

parent to the lient. All the lient knows is that if he/she submits the above URL

then a doument ontaining the list of parts is returned. Sine the implementation

is transparent to lients, Parts Depot is free to modify the underlying implemen-

tation of this resoure without impating lients. This is loose oupling.

Here's the doument that the lient reeives:

<?xml version="1.0"?>

<p:Parts xmlns:p="http://www.parts-depot.om"

xmlns:xlink="http://www.w3.org/1999/xlink">

<Part id="00345" xlink:href="http://www.parts-depot.om/parts/00345"/>

<Part id="00346" xlink:href="http://www.parts-depot.om/parts/00346"/>

<Part id="00347" xlink:href="http://www.parts-depot.om/parts/00347"/>

<Part id="00348" xlink:href="http://www.parts-depot.om/parts/00348"/>

</p:Parts>

[Assume that through ontent negotiation the servie determined that the

lient wants the representation as XML (for mahine-to-mahine proessing)℄ Note

that the parts list has links to get detailed info about eah part. This is a key

feature of REST. The lient transfers from one state to the next by examining and

hoosing from among the alternative URLs in the response doument.

3.3.6.8 Get Detailed Part Data

The web servie makes available a URL to eah part resoure. Example, here's

how a lient requests part 00345: http://www.parts-depot.om/parts/00345

Here's the doument that the lient reeives:

<?xml version="1.0"?>

<p:Part xmlns:p="http://www.parts-depot.om"

xmlns:xlink="http://www.w3.org/1999/xlink">

<Part-ID>00345</Part-ID>

<Name>Widget-A</Name>

<Desription>This part is used within the frap assembly</Desription>

<Speifiation xlink:href="http://www.parts-depot.om/parts/00345/speifiation"/>

<UnitCost urreny="USD">0.10</UnitCost>

<Quantity>10</Quantity>

</p:Part>

Again observe how this data is linked to still more data - the spei�ation

for this part may be found by traversing the hyperlink. Eah response doument

allows the lient to drill down to get more detailed information.
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3.3.6.9 Submit PO

The web servie makes available a URL to submit a PO. The lient reates

a PO instane doument whih onforms to the PO shema that Parts Depot has

designed (and publiized in a WSDL doument). The lient submits PO.xml as

the payload of an HTTP POST.

The PO servie responds to the HTTP POST with a URL to the submitted

PO. Thus, the lient an retrieve the PO any time thereafter (to update/edit it).

The PO has beome a piee of information whih is shared between the lient and

the server. The shared information (PO) is given an address (URL) by the server

and is exposed as a Web servie.

3.3.6.10 Logial URLs versus Physial URLs

A resoure is a oneptual entity. A representation is a onrete manifestation

of the resoure. This URL: http://www.parts-depot.om/parts/00345

is a logial URL, not a physial URL. Thus, there doesn't need to be, for

example, a stati HTML page for eah part. In fat, if there were a million parts

then a million stati HTML pages would not be a very attrative design.

[Implementation detail: Parts Depot ould implement the servie that gets

detailed data about a partiular part by employing a Java Servlet whih parses

the string after the host name, uses the part number to query the parts database,

formulate the query results as XML, and then return the XML as the payload of

the HTTP response.℄

As a matter of style URLs should not reveal the implementation tehnique

used. You need to be free to hange your implementation without impating lients

or having misleading URLs.

3.3.6.11 REST Web Servies Charateristis

Here are the harateristis of REST:

• Client-Server: a pull-based interation style: onsuming omponents pull

representations.

• Stateless: eah request from lient to server must ontain all the information

neessary to understand the request, and annot take advantage of any stored

ontext on the server.

• Cahe: to improve network e�ieny responses must be apable of being

labeled as aheable or non-aheable.

• Uniform interfae: all resoures are aessed with a generi interfae (e.g.,

HTTP GET, POST, PUT, DELETE).

• Named resoures - the system is omprised of resoures whih are named

using a URL.

• Interonneted resoure representations - the representations of the resoures

are interonneted using URLs, thereby enabling a lient to progress from

one state to another.

• Layered omponents - intermediaries, suh as proxy servers, ahe servers,

gateways, et, an be inserted between lients and resoures to support per-

formane, seurity, et.
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3.3.6.12 Priniples of REST Web Servie Design

1. The key to reating Web Servies in a REST network (i.e., the Web) is to

identify all of the oneptual entities that you wish to expose as servies.

Above we saw some examples of resoures: parts list, detailed part data,

purhase order.

2. Create a URL to eah resoure. The resoures should be nouns, not verbs. For

example, do not use this: http://www.parts-depot.om/parts/getPart?id=00345

Note the verb, getPart. Instead, use a noun:

http://www.parts-depot.om/parts/00345

3. Categorize your resoures aording to whether lients an just reeive a

representation of the resoure, or whether lients an modify (add to) the

resoure. For the former, make those resoures aessible using an HTTP

GET. For the later, make those resoures aessible using HTTP POST,

PUT, and/or DELETE.

4. All resoures aessible via HTTP GET should be side-e�et free. That is,

the resoure should just return a representation of the resoure. Invoking the

resoure should not result in modifying the resoure.

5. No man/woman is an island. Likewise, no representation should be an is-

land. In other words, put hyperlinks within resoure representations to enable

lients to drill down for more information, and/or to obtain related informa-

tion.

6. Design to reveal data gradually. Don't reveal everything in a single response

doument. Provide hyperlinks to obtain more details.

7. Speify the format of response data using a shema (DTD, W3C Shema,

RelaxNG, or Shematron). For those servies that require a POST or PUT

to it, also provide a shema to speify the format of the response.

8. Desribe how your servies are to be invoked using either a WSDL doument,

or simply an HTML doument.

3.3.6.13 RestEasy

RESTEasy is a JBoss projet that provides various frameworks to help you

build RESTful Web Servies and RESTful Java appliations. It is a fully erti�ed

and portable implementation of the JAX-RS spei�ation. JAX-RS is a new JCP

spei�ation that provides a Java API for RESTful Web Servies over the HTTP

protool. [34, RestEasy℄

RESTEasy an run in any Servlet ontainer, but tighter integration with the

JBoss Appliation Server is also available to make the user experiene nier in that

environment.

3.3.6.13.1 RestEasy Features

Here are the features of RestEasy:

• Fully erti�ed JAX-RS implementation

• Portable to any app-server/Tomat that runs on JDK 6 or higher

• Embeddedable server implementation for junit testing
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• Client framework that leverages JAX-RS annotations so that you an write

HTTP lients easily (JAX-RS only de�nes server bindings)

• Client "Browser" ahe. Supports HTTP 1.1 ahing semantis inluding

ahe revalidation

• Server in-memory ahe. Loal response ahe. Automatially handles ETag

generation and ahe revalidation

• Rih set of providers for: XML, JSON, YAML, Fastinfoset, Multipart, XOP,

Atom, et.

• JAXB marshalling into XML, JSON, Jakson, Fastinfoset, and Atom as well

as wrappers for maps, arrays, lists, and sets of JAXB Objets.

• GZIP ontent-enoding. Automati GZIP ompression/deompression supp-

port in lient and server frameworks

• Asynhronous HTTP (Comet) abstrations for JBoss Web, Tomat 6, and

Servlet 3.0

• Asynhronous Job Servie.

• Rih intereptor model.

• OAuth2 and Distributed SSO with JBoss AS7

• Digital Signature and enryption support with S/MIME and DOSETA

• EJB, Seam, Guie, Spring, and Spring MVC integration

3.3.7 Java

Java is a onurrent, lass-based, objet-oriented omputer programming lan-

guage with minimum implementation dependenies as possible. Java aims to let

appliation developers to write portable and platform independent ode. Java ap-

pliations are ompiled to byteode (lass �le) that an exeute on any Java Virtual

Mahine (JVM) independent of omputer arhiteture. Sine 2014 Java is, one of

the most popular programming languages, espeially for lient-server web applia-

tions. Java was originally designe by James Gosling at Sun Mirosystems (merged

into Orale Corporation) and it's �rst release was in 1995 as a ore omponent of

Sun Mirosystems' Java platform. Java is related to C and C++ regarding it's

syntax, but it has fewer low-level failities than either of them [43, Java℄. Sine

May 2007, Sun reliensed Java under the GNU General Publi Liense. Others

have also developed alternative implementations of Sun tehnologies, like GNU

Compiler for Java (byteode ompiler), GNU Classpath (standard libraries), and

IedTea - Web (browser plugin for applets).

3.3.8 JavaSript

JavaSript (JS) is a dynami omputer programming language. Common

use of Javasript is to build lient-side sripts to enhane user interation, browser

ontrolling, asynhronously ommuniation, and modify the doument ontent that

is displayed. Javasript ould be used in server-side network programming (with

Node.js), game development and development of desktop and mobile appliations

[44, JavaSript℄.

Although JavaSript adopts many naming onventions from Java, the two

languages have minimum relationship. Objet-oriented, imperative, and funtional
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programming styles are some basi features of JavaSript. Additionally JavaSript

an be used outside of web pages - for example, in PDF douments, site - spei�

browsers, and desktop widgets whih is equally inportant. Nowadays JavaSript

VMs and platforms an be used to build server-side web appliations something

that inreased popularity JavaSript even more.

3.3.8.1 Web Audio API

Audio on the web has been in early stages so far and until very reently plugins

suh as Flash and QuikTime were required in order to be delivered. The intro-

dution of the audio element in HTML5 was a signi�ant step for basi streaming

audio playbak. But, what if you want to develop more omplex audio applia-

tions. For advaned web-based games or interative appliations, another approah

is needed. Web Audio Api, is a Javasript API spei�ation whih aims to inlude

the apabilities found in modern game audio engines as well as some of the mixing,

proessing, and �ltering tasks that are found in modern desktop audio prodution

appliations [45, Web Audio API℄.

3.3.9 HTML5, JSP, XML

3.3.9.1 HTML5

HTML5 is a markup language whih is utilized for organizing and presenting

ontent for the internet. It is the �fth review of the HTML standard and sine De-

ember 2012, a andidate suggestion of the World Wide Web Consortium (W3C).

Its ore proposes to improve the language with support for the latest multime-

dia while ensures readability by humans and omprehensibility by omputers and

devies (web browsers, parsers, et)[46, HTML5℄.

HTML5 attempts to de�ne a single markup language that an be written both

in HTML or XHTML format, inluding detailed proessing models to enhane in-

teroperability. Also HTML5 extends, improves and rationalises the markup avail-

able for douments, and introdues markup and appliation programming inter-

faes (APIs) for omplex web appliations. Further more, HTML5 is a andidate

tehnology for building ross-platform mobile appliations. Many harateristis

of HTML5 have been reated to be able to exeute on low-powered devies (for

example smartphones and tablets).

More spei�ally, HTML5 introdues many new syntati features. Some of

them inlude the new <video>, <audio> and <anvas> elements, as well as the

integration of salable vetor graphis (SVG) ontent (replaing generi <objet>

tags), and MathML for mathematial formulas. These features are helping de-

velpers to inlude and handle multimedia and graphial ontent on the web pages

without having to use non-free tools and software. Also new elements, suh as

<setion>, <artile>, <header> and <nav>, are designed to enhane semanti

ontent of douments. Further more, some of the old elements of previous versions

of HTML have been removed, depreated or rede�ned suh as <a>, <ite> and

<menu>. The APIs and Doument Objet Model (DOM) have been plaed in

HTML5 spei�ation. Finally HTML5 also takes are that syntax errors will be

treated uniformly by all onforming browsers and other user agents, de�ning in

some detail the required proessing for invalid douments.

3.3.9.2 JSP

JavaServer Pages (JSP) is a tehnology whih aims to help developers to build

dynamially web pages based on HTML, XML, or others. At �rst it was released

in 1999 by Sun Mirosystems. JSP shares ommon features with PHP, but it uses
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the Java programming language instead. In order to utilize JSP, a ompatible web

server, is required (for example as Apahe Tomat or Jetty)[47, JSP℄.

3.3.9.3 XML

Extensible Markup Language (XML) is de�ned as a markup language that

onsists a set of rules for formatting douments in order to be human-readable and

mahine-readable. The XML spei�ations are maintained by the World Wide Web

Consortium (W3C). XML aims to maintain generality, simpliity, and usability in

the Internet. Pratially XML is a textual data format with strong support via

Uniode for di�erent human languages whih is widely used for the representation

of spontaneous data strutures (a typial example is messages of web servies).[48,

XML℄.

3.3.10 CSS3

Casading Style Sheets (CSS) is a style sheet language intending to desribe

the appearane and formatting of a doument written in a markup language. Be-

sides of styling of style web pages and user interfaes (usually written in HTML

and XHTML), CSS3 an be used to any XML doument, inluding plain XML,

SVG and XUL. CSS is a state-of-the-art spei�ation of the web and almost all

web pages use CSS style sheets to portray their presentation [49, CSS3℄.

CSS is basially aims to separate doument ontent from doument presenta-

tion, inluding elements suh as the layout, olors, and fonts. This separation leads

to ontent aessibility improvement, more �exibility and ontrol in presentation

harateristis, enable several pages to share same format, is reduing omplexity

and enables repetition in the strutural ontent.

CSS an also permit the same markup page to be presented in various styles

for various rendering methods (for example on-sreen, in print, by voie, or Braille-

based tatile devies). Further more it an be utilized to display di�erently a web

page depending on the sreen size or devie on whih it is being viewed. Despite

the fat that usually the developer of a doument links that doument to a CSS �le,

readers an utilize di�erent style sheet, perhaps depending on their own omputer,

to override the one the author has spei�ed. On the other hand, if the author or

the reader did not link the doument to a spei� style sheet the default style of

the browser then will be used. Also when more than one rule mathes against a

partiular element, CSS spei�es a priority sheme to determine whih style rules

will be applied. In this tehnique, priorities or weights are estimated and assigned

to rules, so that the results are preditable. The CSS spei�ations are maintained

by the World Wide Web Consortium (W3C). Internet media type (MIME type)

text/ss is registered for use with CSS by RFC 2318 (Marh 1998), and they also

operate a free CSS validation servie.
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Chapter 4

Analysis of implementation -

Methodology

4.1 Client - Server model

The lient - server model of omputing is a distributed appliation struture

that partitions tasks or workloads between the providers of a resoure or servie,

alled servers, and servie requesters, alled lients. Often lients and servers om-

muniate over a omputer network on separate hardware, but both lient and server

may reside in the same system. A server host runs one or more server programs

whih share their resoures with lients. A lient does not share any of its resoures,

but requests a server's ontent or servie funtion. Clients therefore initiate om-

muniation sessions with servers whih await inoming requests [50, Client - Server

model℄. Examples of omputer appliations that use the lient - server model are

Email, network printing, and the World Wide Web.

4.1.1 Server analysis

Server is responsible to hek visitor's redentials. He is sending queries to

our database and determines if login data are orret. If login data are orret,

then user role is spei�ed. Our system supports several levels of seurity aording

to four kind of roles: role of gamer, role of administrator, role of seure user and

role of tester. Eah role interat with the system in di�erent way. Depending

of visitor roles server is displaying prede�ned web pages. For administrator role

he is displaying administrator pages, for gamer role he is displaying gamer pages,

for seure user seure user web pages and for tester role web pages of tester. If

login data are not orret, visitor have to provide system with orret data or to

register. Additionally, if visitor is not remembering his redentials an retrieve them

using his email. Finally, server is reeiving queries with gamers sore's from eah

game, saves them in database and sending them bak to lient as XML messages

Figure 4.1.
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Figure 4.1: XML data messages

4.1.2 Client analysis

In lient side takes plae the interation of visitor with our appliation. De-

pending on his role this interation varies. A desription of eah role is given in

the list below

• Role of administrator is responsible for user management. He an add, delete,

edit, searh for a user in our user database.

• Role of Gamer is our basi role. Server is displaying appropriate game pages

to users. He an pratie with our game olletion, save and retrieve his

sores to system database and �nally study his performane through system's

statistial graph data.

• Role of seure and role of tester also provides us with two extra levels of

seurity. We are not going to fous to these extra roles as their are out of the

sope of this thesis.

Also in lient side our game olletion exists. Games are exeuted in a browser

as Java applets and/or as JavaSript appliations. In both forms, games are taking

input from mirophone, estimating sound parameters, in our ase pith and inten-

sity, alulating sore values and then they are sending sores to server as HTTP

requests. Finally lient, reeives all sore values through time from server as XML

message, parse it and displays embedded graphs in Web Page for further studying.

For the purposes of our thesis we are going to desribe eah task and sequene

of ations that are supported of our system in terms of UML for better representa-

tion [51, UML℄. Eah servie that is provided will be analyzed. Further more, the

struture of our system is being presented through UML diagrams. We provide
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desription of our system's ators, entities that take part in our system, relation-

ships between them, deployment diagrams, lass diagrams, omponents diagrams,

ativity diagrams and sequene diagrams.

4.1.3 Ator desription

For our system desription we math eah role with an ator with same re-

sponsibilities.

4.1.4 Use ase diagrams

The use ase diagram of our system is shown below. We are displaying eah

ator and it's possible use ases. Also we provide a short desription, trigger

onditions, goals, preonditions and failure states of eah use ase respetively to

eah role.

Administrator

Gamer

Get All Users

Manage Users

Delete User

Add User

Alter User

Pitch Game Java Implementation

Pitch Game Javascript Implementation

Intensity Map Game

Spectrogram

Intensity

Register

Figure 4.2: Use Case Diagram

Use ase preonditions: For all use ases an internet onnetion has to exist

between lient and server. Also, the visitor has to enter his redentials or to register

in our system. Finally, for spetrogram option and JavaSript appliations the

user has to run game appliations with Google Chrome browser. For Java Game

the visitor has to install Java in his System with our erti�ation for enabling

mirophone aess.

Administrator:

• Get All Users: Visitor of web site enters administrator data. Then server

displays administrator's web pages to visitor. Administrator an review all

user data from server's database. After heking data administrator an

return to home page or logout from web site.

• Manage Users: Visitor of web site enters administrator data. Then server

displays administrator's web pages to visitor. Administrator gets aess to

user data. He an modify user data, add and delete user. These operations

are desribed below:

� Add user: Administrator enter's user's data that he desires to reate and

press "Add User" button. If user does not exist in database then a new

user is reated with the role that is seleted. Suess page of adding user

is displaying. If the user already exists, then the user has to try again

and hoose di�erent username. Failure of adding web page is displayed

49



Figure 4.3: Get All Users printsreen

from server. After adding anew user to the database, administrator an

return to home page or logout from web site.

� Delete user: The administrator has to know the username of user. He

enters user's username and presses "Delete User" button. A delete op-

eration in our database is happening. If everything is ok then a suess

web page is displayed. If the user does not exist in the web page, the ad-

ministrator has to try again. After deleting the user from the database

administrator an return to home page or logout from web site.

� Alter user: The administrator has to know the username of user. He

enters user's username and presses "Alter User" button. An alter oper-

ation in our database is happening. If everything is ok then a suess

web page is displayed. If the user does not exist in the web page, admin-

istrator has to try again. After altering the user's data from database,

administrator an return to home page or logout from web site.

Gamer:

• Pith Game Java Implementation: The visitor of web site enters Gamer's

data. In next step he selets Pith Game with Java implementation. After

that he selets pith from pop up list. This value is the pith that Gamer

wishes to train with. When he selets pith and presses OK, then graphial

user interfae of pith game is displayed. The Gamer has to try to land the

starship on the asteroid only by hanging the pith of his voie. The starship

is looping over the spae until starship lands on asteroid. If the Gamer

sueeds then a seond pop up window displays with several options. Gamer

an selet to play again, stop or study graph results. In eah option, game is

exeuting again or Gamer an logout of our system. If he selets to see graph

results then the lient is ommuniating with server in order to send his sore.

Sore for a single game exeution is alulated with the following equation,

where "numberOfTries" is the number of passages of starship through sreen.

score = 100/numberOfTries (4.1)

After the Gamer's sores is sent to the server, server responds with all pre-

vious sores that he ahieved from the beginning of his registration in our

system. Beause we want to display performane per day, average value of
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Figure 4.4: Manage users printsreen

game exeutions per day is alulated. As �nal step, average values per day

are being displayed as a pop up window to the Gamer (Figure 4.6).

• Pith Game JavaSript Implementation: The visitor of the web site enters

Gamer's data. In next step he selets Pith Game with JavaSript implemen-

tation. After that, the system asks the Gamer to allow aess to mirophone.

Next the Graphial User Interfae is displayed where the Gamer has several

options. He an drag and drop the asteroid to position he wishes to train.

Position of asteroid stands for pith height. However, the Gamer an ali-

brate maximum and minimum pith that he produes with his voie. This

option is implemented as an extra feature in order to over all varieties of

the Gamer's voie. Usually hildren's have a more high frequeny voie from

adults. Despite this fat, an adult Gamer an use our system too with this

option. Predefault values are introdued. After setting game's on�guration

the Gamer an atually play pith game and try to land the starship on the

asteroid only by hanging the pith of his voie. Same senario as in Java

implementation exist here too. Sore is alulated respetively to equation

4.1. After landing starship on the asteroid, lient is sending the sore of

game to the server and the server responds with the sore values of old game

exeutions. Average value per day is also alulated and results are displayed

in an embedded graph in our web page. After studying the graph results he

an logout from system (Figure 4.7).

• Intensity Game: The visitor of the web site enters the Gamer's data. In

next step he selets the Intensity Game. After that, the system asks the

Gamer to allow aess to mirophone. Next the Graphial User Interfae is

displayed where the Gamer has several options. He an drag and drop the

asteroid to the position he wishes to train. The position of asteroid stands

for intensity value (Sound Pressure Level). Nevertheless, the Gamer an

alibrate maximum and minimum SPL he an produe with his voie. This

option is implemented as an extra feature in order to over all the varieties

of the Gamer's voie. Predefault values are introdued. After setting the
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Figure 4.5: Pith Game - Java implementation printsreen

game's on�guration, the Gamer an atually play the intensity game and

try to land the starship on the asteroid only by hanging the loudness(SPL)

of his voie. Same senario as in pith games exist here too. Also, sore is

alulated respetively to equation 4.1. After landing the starship on the

asteroid, the lient is sending the sore of the game exeution to the server

and the server responds with sore values of old game exeutions. Average

value per day is also alulated and the results are displayed in embedded

graph in our web page. After studying graph results he an logout from

system (Figure 4.8).

• Intensity Map Game: The visitor of the web site enters the Gamer's data.

In next step he selets the Intensity Game. After that, the system asks the

Gamer to allow aess to mirophone. Next the Graphial User Interfae is

displayed where the Gamer has several options. The Graphial User Interfae

is onsisting of three asteroids in di�erent positions. Eah position of aster-

oids stands for intensity value (Sound Pressure Level). Several ombinations

of asteroids in several prede�ned heights are available through the form of

loudness exerises. The Gamer an selet and pratie with them. Also, he

an alibrate with the maximum and the minimum SPL he an produe with

his voie. This option is implemented as an extra feature in order to over all

varieties of Gamer's voie. Predefault values are introdued also. After set-

ting game's on�guration Gamer an atually play intensity map game and

try to land starship on eah asteroid only by hanging the loudness(SPL) of

his voie. In this ase game senario is di�erent from previous games. Gamer

has to land spaeship in eah asteroid. Here, the spaeship is not looping

over spae. The spaeship is passing through the spae just one. So the

Gamer have only one try. Sore is alulated respetively by the equation

4.2 where "soreFator" is the ratio "numberOfAsteroidsLanded" divided by

"numberOfAsteroidsInMap"
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Figure 4.6: Player performane - Pith game Java implementation printsreen

Figure 4.7: Pith Game - JavaSript implementation printsreen

score = 100 ∗ scoreFactor (4.2)

After sore alulation, the lient is sending the sore of the game exe-

ution to the server and the server responds with the sore values of the old

game exeutions. the average value per day is also alulated and the results

are displayed in an embedded graph in our web page. After studying the

graph results he an logout from system (Figure 4.9).

• Spetrogram: The visitor of the web site enters the Gamer's data. After

that, the system asks the Gamer to allow aess to mirophone. Next the

Graphial User Interfae is displayed the where Gamer has several options.

The Graphial User Interfae is onsisting of speial setion where the spe-

trogram of Gamer's voie is being drawn. Also, there is another setion where

referene spetrogram for several vowels and onsonants are being available.

The Gamer has to produe several phonemes suh as /α/, /ε/, /φ/, /ι/, /ο/,

53



Figure 4.8: Intesity Game - JavaSript implementation printsreen

/ο/, /υ/, /σ/, /θ/, /ζ/, ompare them with the referene ones, and reord

his notes. Then an press "try again" for a new game e�ort. We have to note

though that the whole proess is better to be exeuted with the supervision

of voie speialists in order to estimate di�erenes in results and to instrut

the Gamer how to pronoune the phonemes so that the Gamer's spetrogram

mathes the referene spetrogram. After omparing the spetrogram graph

the Gamer an logout from the system (Figure 4.10).

4.1.5 Pakage diagram

4.1.5.1 Client pakage diagram

In this setion we present pakage diagrams for lient side (Java implementa-

tion).

In Figure 4.11 are displayed all pakages who exist in lient side and how

they ommuniate with eah other. Eah pakage has di�erent funtionality and

serves a di�erent purpose. For instane, pakage Roket is responsible to draw

Graphial User Interfae and to manage the animation of the spaeship. Also, is

responsible for the ommuniation with the server when a game target is aom-

plished. Similarly, pakage hart is used to display performane graphs to the user,

and pakages Loudness and PithDetetor to alulate intensity and pith of voie

input respetively.

4.1.5.2 Server pakage diagram

In this setion we present pakage diagrams for server side.

In Figure 4.12 are displayed all pakages who exist in server side, how they

ommuniate with the lient user interfae and the database. Here is a short

desription of eah pakage and it's funtionality.

• Servlet. This pakage ontains all neessary lasses for user management.

Supported ations are "add a user", "delete a user", "alter user's data",
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Figure 4.9: Intesity map Game - JavaSript implementation printsreen

"retrieve all user data from database", "send email" if someone has forgotten

his password, "log in", "log out" and "register".

• Apahe Shiro. This pakage ontains all neessary lasses for user data au-

thentiation and veri�ation.

• RestEasy. This pakage ontains all lasses whih are needed by the server in

order to ommuniate with lient. RestEasy pakage is an implementation of

REST arhiteture and is used in order to deploy our RESTFul web servie.

Sores data are serialized in xml messages and are sent bak to lient side.

• HibernateModel. This pakage ontains all lasses whih are needed by the

server in order to model our E-R database shema using hibernate frame-

work. All tables, onstraints and relationships of our database are modelled.

Hibernate is responsible to ommuniate with our database using HQL lan-

guage. Hibernate o�ers to our appliation an extra layer of abstration as

we ould replae easily our MySQL database with another, without having

to modify our ode.

Also, in server side exists our database shema whih ontains all of our data

whih are used by our web appliation. These are personal information of users,

their sores et. For more details see setion "Database shema E-R diagram".

4.1.6 Class diagrams

In this setion we present lass diagrams for server and lient side. Client

side, refers to java implementation of pith game. Every lass diagram, represents

lasses and assoiations for eah pakage. The lasses who are depited to have no

assoiations, for eah pakage either provide an independent funtionality to the

system so it is not required to be used from another lasses or they are used by

lasses who belong to di�erent pakages. Finally, we provide general lass diagrams
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Figure 4.10: Real time spetrogram printsreen

where it is represented every assoiation between all lasses of our system regardless

of what pakage every lass belongs to.

4.1.6.1 Client lass diagram

In this setion we present lass diagrams for lient side (Java implementation

- pith game) .

In Figure 4.18 are displayed all lasses from all pakages whih are used in

lient side. Eah lass diagram for eah pakage are desribed in next diagrams.
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Chart LoudnessRocket

PitchDetector

Figure 4.11: Client Pakage Diagram

Login System

Servlet Apache Shiro

User Interface

MySQL Database

RestEasy HibernateModel

Figure 4.12: Server Pakage Diagram

57



MyXYChart

AudioProcessor

DetermineDurationProcessor

AudioEvent

AudioDispatcher

AudioFloatConverter

AudioFile

TestLoudness

PipeDecoder

Shared

AudioResourceUtils

Loudness

SilenceDetector

SoundDetector

InputPanel

 pipedecoder

 converter

1

 lastevent

1

 audioEvent

1

 converter

 audioProcessors

 silenceDetector

 dispatcher

 dispatcher

1

 dispatcher

1

 dispatcher

1

 audioEvent

1

 lastevent

1

 audioEvent

1

 audioEvent

1

 audioEvent

1

 f

1

 converter

1 audioProcessors

*

 process

1

 duration

1

 inputPanel

1

 silenceDetector

1

 silenceDetector

1

Yin

AudioFloatInputStream

AudioFloatConverter PaintComponent

 converter

1

 afis

1

PaintingRocketImages

TestDialog

Input

ScoresDates

InputSlider

DetectPitchSoundDataRows

ScoresDataModel

ScoresDataModelRow

 scores

*

 dataRows

1

 inpdlg

1

 je

1

 scoresDates

* myXYChart

1

 spl

1

F
i
g
u
r
e
4
.
1
3
:
G
e
n
e
r
a
l
C
l
i
e
n
t
C
l
a
s
s
D
i
a
g
r
a
m

5
8



AudioProcessor

DetermineDurationProcessor

AudioEvent

AudioDispatcher

AudioFloatConverter

AudioFile

TestLoudness

PipeDecoder

Shared

AudioResourceUtils

Loudness

SilenceDetector

SoundDetector

InputPanel

 pipedecoder

 converter

1

 lastevent

1

 audioEvent

1

 converter

 audioProcessors

 silenceDetector

 dispatcher

 dispatcher

1

 dispatcher

1

 dispatcher

1

 audioEvent

1

 lastevent

1

 audioEvent

1

 audioEvent

1

 audioEvent

1

 f

1

 converter

1 audioProcessors

*

 process

1

 duration

1

 inputPanel

1

 silenceDetector

1

 silenceDetector

1

F
i
g
u
r
e
4
.
1
4
:
L
o
u
d
n
e
s
s
C
l
a
s
s
D
i
a
g
r
a
m

5
9



In Figure 4.14 are displayed all lasses from pakage "Loudness". These

lasses are used to alulate intensity of input signal. Basially, the sound pressure

level (SPL) of input is measured. If the result of this alulation is below a thresh-

old, whih we have already de�ned, then very low energy signals (noise) from the

environment is ignored [52, Tarsos℄.

Yin AudioFloatInputStream

AudioFloatConverter PaintComponent

 converter

1
 afis

1

Figure 4.15: Pith Detetor Class Diagram

In Figure 4.15 are displayed all lasses from pakage "PithDetetor". These

lasses, are used to alulate pith of input signal. Input from mirophone is

reeived and proessed aording to YIN algorithm in order to alulate pith [52,

Tarsos℄.

MyXYChart

Figure 4.16: Chart Class Diagram

In Figure 4.16 are displayed all lasses from pakage "myXYChart". These

lasses use JFreeChart library in order to produe performane hart. In the be-

ginning, sores data are reeived as input from server. Next, data are proessed

and are displayed in performane graph .

PaintingRocketImages

TestDialog

Input

ScoresDates

InputSlider

DetectPitchSoundDataRows
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ScoresDataModelRow

 scores

*

 dataRows

1

 inpdlg

1

 je

1

 scoresDates

*

Figure 4.17: Roket Class Diagram

In Figure 4.17 are displayed all lasses from pakage "RoketClassDiagram".

These lasses, are responsible for Graphial User Interfae management and for the

animation of spaeship. They onsist the ore pakage of our system. Furhtermore,

we an note that the lass SoresDataModel uses many objets of lass SoresData-

ModelRow. These lasses, are used to save sores data, whih are reeived from the

server. In next step, data are sent to the pakage MyXYChart for graph prodution

and display.

4.1.6.2 Server lass diagram

In this setion we present lass diagrams for server side per pakage.
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In Figure 4.18 are displayed all lasses from all pakages whih are used in

server side. Eah lass diagram for eah pakage are desribed in next diagrams.

RoleSecurityRealm

Figure 4.19: ApaheShiro Class Diagram

In Figure 4.19 are displayed all lasses from pakage "ApaheShiro". These

lasses are used to authentiate and authorize user of our system. RoleSeuri-

tyRealm uses hibernate in order to retrieve user's redentials, deide the role of

user and display the right web pages of our web appliation.
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GameScoresId

Level Scores
Users

Role

SelectUser

User

Rest HibernateUtil

UpdateUser

SaveUser DeleteUser

 TypeOfGameId

1

 games

*

 scores

*

 level
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*
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1
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1
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1
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1
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1

 scores

*
 scores

*

 pk

1

 userList

*

 user

1

 user

1

 user

1

 user

1

 user

1

Figure 4.20: Hibernate Model Class Diagram

In Figure 4.20 are displayed all lasses from pakage "HibernateModel".

These lasses are used to map entities and relationships of our database shema

with Java objets. As we mentioned in previous setions, hibernate and HQL o�ers

to us an extra layer of abstration beause it gives the developer the apability to

hoose free the type of database (Derby, Orale et) he wants to use with minimum

e�ort and modi�ations of the system.

In Figure 4.21 are displayed all lasses from pakage "RestEasy". These

lasses enhane server with the apability to reeive and to respond to http requests.

The HTTP requests inlude information from lient suh as user id, game id and

sores. The sores are saved to database using hibernate and after that server

is responding to lient with sores of old game exeutions in the form of XML

messages. The lient reeives the XML messages, proesses them and displays to

the user his performane graphs.

In Figure 4.22 are displayed all lasses from pakage "Servlet". Supported

ations are "add a user", "delete a user", "alter user's data", "retrieve all user data

from database", "send email" if someone has forgotten his password, "log in", "log

out" and "register".
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Figure 4.21: RestEasy Class Diagram

ThanksForPlaying RegisterUser ManageUsers

LogoutUsers LoginUser GetAllUsers

ForgotMyPassword DeleteUsers AlterUsers

AddUsers SendEmail

Figure 4.22: Servlet Class Diagram

4.1.7 Ativity diagram

4.1.7.1 Client ativity diagram

In this setion we present ativity diagrams for lient side (Java implemen-

tation). No further desription is provided as they are quite informative and self

explanatory.
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Gamer selects game 
Web page

Systems displays game page.
Alerts if feature is supported and displays

instructions.

Game interface display according to 
configuration

Calculate sound properties 
and play game

Play again or display results?

[Play again]

[Display results]

Game ended succesfully

End of game. Score display

Take input from microphone
Set game configuration

[Yes]

Live audio input denied
[No]

Save scores

Get data from server

Display results

Figure 4.23: Game ativity diagram
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Gamer selects spectrogram 
Web page

Systems displays game page.
Alerts if feature is supported and dipslays

instructions.

Try again?

[Yes]

[No]

End of Spectrogram 

Game

Take input from microphone
Draw spectrogram

[Yes]

Live audio input denied
[No]

Record results

Figure 4.24: Spetrogram ativity diagram
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4.1.7.2 Server ativity diagram

In this setion we present ativity diagrams for server side. No further de-

sription is provided as they are quite informative and self explanatory.

Administrator ’Manage Users’
Web page

Administrator fills in new 
user data form

Administrator presses ’Add User’ 
button

Administrator fills in new 
user data form

System displays ’User exists’
Web page

Is user already in database?

[No]

[Yes]

User added

succesfully

Administrator fills in new 
user data form

Figure 4.25: Add user ativity diagram

66



Administrator ’Manage Users’
Web page

Administrator fills in alter 
user data form

Administrator presses ’Alter User’ 
button

Administrator fills in new 
user data form

System displays ’User exists’
Web page

Is user already in database?

[No]

[Yes]

User altered

succesfully

Administrator fills in alter 
user data form

Figure 4.26: Alter user ativity diagram
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Administrator ’Manage Users’
Web page

Administrator fills in delete 
user data form

Administrator presses ’Delete User’ 
button

Administrator fills in new 
user data form

System displays ’User exists’
Web page

Is user already in database?

[No]

[Yes]

User deleted

succesfully

Administrator fills in delete 
user data form

Figure 4.27: Delete user ativity diagram
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Visitor fills in new user form

Administrator presses ’Register’ 
button

System displays ’user registered’
succesfully web page

System displays ’User exists’
Web page

Is user already in database?

[No]

[Yes]

User registered

succesfully

Administrator fills in delete 
user data form

Figure 4.28: Register user ativity diagram
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Visitor visits ’Forgot password’
Web page

Visitor enters his email

Administrator presses ’Delete User’ 
button

System send visitor password

System displays ’User bot found’
Web page

Is visitor already in database?

[No]

[Yes]

Password recovered

succesfully

Visitor enters his email again

Visitor recovers his password 
from his email inbox

Figure 4.29: Forgot data ativity diagram
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Visitor fills in login form

Visitor presses ’login’ 
button Invalid log in data

Are login data correct?

[No]

[Yes]

Visitor logs 

into the system

Visitor fill in login form again

Visitor has succesfully logged in
.System identifies his role and displays 

web pages according to his role

Figure 4.30: Login ativity diagram
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4.1.8 Sequene diagram

4.1.8.1 Client Sequene diagram

In this setion we present sequene diagrams for lient side (Java implemen-

tation). No further desription is provided as they are quite informative and self

explanatory.

Figure 4.31: Game sequene diagram
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Figure 4.32: Spetrogram sequene diagram

4.1.8.2 Server Sequene diagram

In this setion we present sequene diagrams for server side. No further de-

sription is provided as they are quite informative and self explanatory.
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Administrator

Login System

Tomcat Server
with MySQL Database

request add user

contact Tomcat Server

Send User Data

Send User Data
alt

 [user does not exist in database]

User added succesfully

User added succesfully

User already exists. Try again

User already exists. Try again

Display Add User Form

Figure 4.33: Add users sequene diagram
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Administrator

Login System

Tomcat Server
with MySQL Database

request alter user

contact Tomcat Server

Send User Data

Send User Data
alt

 [user does not exist in database]

User altered succesfully

User altered succesfully

User already exists. Try again

User already exists. Try again

Display Alter User Form

Figure 4.34: Alter user sequene diagram

Administrator

Login System

Tomcat Server
with MySQL Database

request delete user

contact Tomcat Server

Send User Data

Send User Data
alt

 [user does not exist in database]

User deleted succesfully

User deleted succesfully

User already exists. Try again

User already exists. Try again

Display Delete User form

Figure 4.35: Delete user sequene diagram
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Visitor

Login System

Tomcat Server
with MySQL Database

request register

contact Tomcat Server

Send Register Data

Send Register Data
alt

 [user does not exist in database]

User registration succesful

User registration succesful

User already exists. Try again

User already exists. Try again

Display Register Form

Figure 4.36: Register sequene diagram

Visitor

Login System

Tomcat Server
with MySQL Database

send email

contact Tomcat Server

email sent with credentials

email sent with credentials

Figure 4.37: Forgot redentials sequene diagram
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Visitor

Login System

Tomcat Server
with MySQL Database

request login

contact Tomcat Server

Send Login Data

Authenticate User data

User authenticated

User authenticated

Display Login Form

Figure 4.38: Login sequene diagram

4.1.9 Database shema, E-R diagram

In this setion we present E-R diagrams for our database shema whih lies

into our server. We modeled all basi entities of our system and their relationships.

User, roles, sores, games, levels, type of eah game are depited in Figure 4.39 as

tables and relationships in our database. Eah table has it's own properties and

relationship whih is de�ned from system's requirements.
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A short desription of eah entity and relationship is given below.

Entities:

• User. In this table redentials of eah user are saved. Attributes of this table

are (user_id, username, name, surname).

• Roles. In this table roles of eah user are saved. Attributes of this table are

(id,role). Several roles are provided with di�erent rights. These are (admin,

seure, user).

• Levels. In this table levels of eah game are saved. Attributes of this table are

(level_id, level_desription). Several levels are provided (easy, medium,

di�ult)

• Game. In this table information of eah game are saved. Attributes of this

table are (game_id , game_name, type_of_game_id). In our system three

types of games are supported (spaeraft, pith, vowel game).

• Type of game. In this table type of game is are saved. Attributes of this

table are (type_of_game_id, type). Eah game has a type. In our system

three types of games are supported (intensity, pith, vowels).

Relationships:

• Role Of User. It's a one-to-many relationship. One user an have many roles.

• Game-type-relation. It's a one-to-many relationship. One type of game an

be mathed to many games.

• Sores. It's a many-to-many relationship. This is a relationship between

three tables (table user, table game, table levels). Many users an play many

games in many levels. It is represented in our shema as an extra table. It's

attributes are (id,game_id, level_id, tries, timestamp, sores). Also, sores,

number of tries and date of alulation of our games are saved in this table.

In Figure 4.40 we an examine our database shema as it is represented by

phpmyadmin designer tool.
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Figure 4.40: Database shema
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Chapter 5

Evaluation

5.1 Introdution-Method

The evaluation of suh a system are in long-term the hildren themselves

whih by pratie the show or not improvement. In most ases though, the pre-

evaluation of ths system is held by experiened users of speeh. This kind of

users ould be experiened speeh therapists. In order to evaluate our system we

reated a questionnaire for �lling up by speeh therapists. The evaluation gave

details about the e�etiveness, feasibility and aessibility of the our system in

the treatment of speeh by hearing-impaired hildren.The results of evaluation is

depited below.

5.2 Results

Evaluation questionnaire

Please answer the following questions in the range 0-10.

1. Do you think that experiene with omputers is neessary to be able to use

this system? 8

2. Do you think that phoneti knowledge is neessary to work with this system?

10

3. How did the system meet with your expetations? 10

4. Was the system easy to handle? 10

5. Did you onsider the training as meaningful? 10

6. Were the performane graphs useful? 10

7. Were the performane graphs easy to use? 10

8. How was the system from a pedagogial point of view? 10

9. Do you think that game interation with the hildren is easy?(Pith:10, In-

tensity:10, Artiulation:8)

10. Do you think that visual feedbak of games is easy to understand by hildren?

8

11. Was the game reliable in terms of giving onsistent and orret feedbak? 10

12. For whih age group is this kind of game appropriate? 5 +

13. Do you think that hildren are motivated to train with the system? 10
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14. Did you miss the possibilities to train something? If yes, what? No. The

tool serves it's purpose.

15. Would you like to see more games in our system? yes

16. Would you like to see more extensions in our games? yes

17. How important is the remote aess to the system, to speeh therapy proe-

dure? 10

18. How speeh therapy proedure ould bene�t from online speeh therapy

tools?

• Aurate data on the progress and development of the program

Pathologists.

• The data is aessible via internet and thus "always" available,

whih failitates therapists and saves time beause you do not

need to take notes on the progress of the treatment program.

• Some operations an be done in the natural environment of

the hild via omputer. The results of these ativities an be

disussed with parents and expedite treatment plan under the

supervision of the speeh therapist.

• Teahers or any other interested parties an be informed im-

mediately of the disorder or for the development of the ther-

apeuti program of the hild, sine the data is available via

internet.

• When suh ativities through omputer is through play, hil-

dren have a strong inentive to engage in and partiipate en-

thusiastially in the therapeuti proess.

5.3 Disussion

As we an see in answers of evaluation questionnaire our system requires user

to have experiene with omputers in order to be used. Also phoneti knowledge

is required in order to work with this system. This is reasonable beause of the

existene of spetrograms where someone has to know how to evaluate them in

order to be used. Also as we an notie our system is quite easy to use with

pleasant pedagogial interation and performane graphs are quite important in

terms of usefulness. Furthermore, visual feedbak is quite easy to understand

and quite reliable. Finally in last question we an see that online speeh therapy

software tools are very important in speeh therapy proedure beause they help

therapists to save time, to have better traking performane of eah hild through

performane graphs and for hildren to have strong inentive to engage in and

partiipate in the therapeuti proess.
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Chapter 6

Comparison with other

ommerial tools

As we mentioned in our introdution the main disadvantage of the existing

tools is that they are developed for ommerial use. Therefore, the ost to obtain

a speeh therapy tool is quite high espeially if it is oriented for publi use (e.g

in publi shools for eduational purposes). Moreover, these tools are not easily

adaptive and �exible. As they are oriented for standalone ommerial use, the

update proess lasts in time and osts money as most of the times to get an

updated version requires to pay for the whole program again. Furthermore, none

of the tools is developed for use by Greek hildren. These disadvantages are faed

through our system. Our system provides

• Low ost

• Easy aess

• Real time spetrograms through web is a new feature.

• Flexibility and adaptation to user pro�le

• No installation restritions.

• Platform independene

• Low ost in memory and CPU requirements

• Versatility

• Code re-use is another positive side-e�et of Web servies' interoperability

and �exibility. One servie might be utilized by several lients, all of whih

employ the operations provided to ful�ll di�erent game objetives. Instead

of having to reate a ustom servie for eah unique requirement, portions of

a servie are simply re-used as neessary.
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Chapter 7

Conlusions and Future Work

7.1 Requirements and Restritions

Basi requirements of our system is that user of our system must have aess

to the internet. Sine we run our game through browser, our system is platform

independent. User an aess our system through all platforms that an run all

mainstream modern browsers suh as Mozilla Firefox, Google Chrome, Safari et.

Restritions of our system are produed due to browser behaviour deviation. All

browser has to run Javasript and Java. More spei�ally browsers have to support

Javasript Web Audio API in order to take aess to mirophone data. This feature

is present for Google Chrome browser but not in other browsers. Sine Web Audio

API is a new API that is growing up every day we expet other browsers to support

it too. In Figure 7.1 we an see whih browser versions supports Web Audio

API. As someone an see most modern browsers are hanging their poliy and are

starting to support Web Audio API.

Figure 7.1: Web Audio support/browser version

Similarly we provide Java implementation for pith game. We ould also selet

Java for other games. Restritions for our Java implementation exist too. These

restritions are produed sine Orale deided to hange his poliy towards Java

applets, releasing new updates for seurity reasons. Until now a ommon senario

for development with Java Applets was:

• The developer developed Java appliation

• The developer was signing Java appliation with a self erti�ate
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• The developer was releasing his self erti�ate (for example in his personal

web page)

• The user was installing developer's self erti�ate

• The user run's Java applet

But sine Java 7 Update 45 CPU this senario was modi�ed. Self erti�ate

is not aeptable any more. Developers has to buy a ode signing erti�ate from

ompanies like Commodo or Thawte. These ode signing erti�ates usually are

expensive to buy. If a developer has not suh erti�ate, then his appliation is

bloked for seurity reasons. Latest release of Java is Java 7 Update 67 Limited

Update (August 4 2014) whih is bloking self signed appliations.

For our projet we used Java update 21 (April 16 2013)and we signed our

ode with our personal erti�ate in order for the system to allow exeution. Our

personal erti�ate was reated with OpenSSL and installed in our browser. If

a newer update of Java is installed then our appliation is bloked too. So this

restrition is very serious one beause onverts Java into a non �exible language for

an independent developer. In Figure 7.2 we an see a list of latest Java Updates

Figure 7.2: Java updates releases

7.2 Implementation issues and time-restritions

The suggested implementation roadmap of the projet is onsisted of two

independent parts. The �rst part is the development of the applet and Javasript
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games and the seond part is the development on�guration and deployment of

the appliation server. These two parts ould be either developed by a single team

sequentially or by two teams in parallel.

7.3 Extensions Future work

Based on the time limitations, this thesis foused on the development of the

Java applet and HTML5 - Javasript games initially and the integration to Apahe

Tomat in a later stage. Also, three speeh properties are inorporated in our

development. On future ollaboration, more games ould be developed in order to

test more speeh properties and more statistial graphs. These ould be inluded

in extended olletion of browser games where a bunh of speeh properties ould

be tested in order to give even more possibilities to hildren. These ould be apart

for the above mentioned

• Speeh waveforms

• Prosody

• Speeh rate

• Spetrograms

• Phoneme pronuniation

• Artiulation and oartiulation

7.4 Conlusions

The main fous of this thesis was to reate an online, 24-hour, non-ommerial

and eduational platform that will help hildren with hearing problems to train

their voie. This system is intended to be used by hildren of ages 5-12 with

the presene of speeh therapists. Firstly we olleted data about existing speeh

therapy software tools and we studied types of feedbak that ould help us to

ahieve our purpose. In seond step we took advantage of this bibliography researh

and developed games whih ould help hildren train with voie intensity and

voie pith. Also, real time spetrograms are being drawn whih are useful for

visual identi�ation of onsonants, aiming on training hildren with visual feedbak.

Sores of eah user are saved in our server and speial graphs an be produed

in order to follow user's performane. Evaluation is being provided by speeh

therapists.
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