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Co bylo feceno?

m signal 1
m signal 2



Co bylo feceno?

m It is not hard to recognize speech signal 2
m It is not hard to wreck a nice beach signal 1

Znalost o svété: Toto je pfednaska o
rozpoznavani reci,
ne o

cestovnim ruchu a zivotnim prostredi.



Statistické rozpoznavani vzori

m Klasifikator, ktery minimalizuje riziko chybné klasifikace,

vyuziva Bayesovo pravidlo:
Q) - p(o|Q
p(QlO) = p( )p(g() 1)
m Aplikace na rozpoznavani feci:
O = signél (nahravka), 2 = mnozZina vSech sekvenci slov
— rozhodni se pro sekvenci slov w, kter4d maximalizuje p(w |O)

m Problém:
p(Olltis not hard to recognize speech) <
p(OlJltis not hard to wreck a nice beach)
ale
p(Itis not hard to recognize speech) >>
p(Itis not hard to wreck a nice beach)



Rozpoznavani vzord
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Rozpoznavani vzord

rozpoznavani vzord:
automaticka transformace senzorového signalu do symbolického
popisu, ktery je specificky pro konkretni tlohu

One of the most interesting aspects of the world is that it can be
considered to be made up of patterns. A pattern is essentially an
arrangement. It is characterized by the order of the elements of which
it is made rather than by the intrinsic nature of these elements.

Norbert Wiener

porozum éni vzoru:
automatické vypocitani symbolického popisu, ktery je optimalné
kompatibilni s uloZenimi znalostmi a ktery se optimalné hodi k signalu.



-
Pattern Recognition

Pattern Recognition:

The automatic transformation of a sensor signal into an application
specific symbolic description. The result of this transformation can
automatically be processed or be processed by a human expert.

Examples:

an address reader for a postal sorting machine
automatic

a system that analyzes x-ray pictures w.r.t. tuberculosis, displays
them for the doctor and prepares a medical expertise, which the
doctor can accept or reject manual

Both systems can also be semi—automatic:

(only) present the doubtful cases to an expert
(introduction of a rejection class)



Definice

m Okoli je celek hodnot, které jsou méfitelné fyzikalnimi strojmi.
Je reprezentovano mnozinou

U={"b(x)|p=1,2,...}
funkci b(x).
m Problémovy okruh  obsahuje jen objekty nebo funkce, které

patfi k pfisné omezené aplikaci nebo vyseku okoli. Je definovan
mnozinou

Q={"(x)]p=1,2,...} C U

funkci f(x) a je podmnoZzinou okoli U.



Definice

m Prvky mnoziny Q (problémovy okruh) se jmenuji vzory .
Proto je vzor funkce

fl(X17X27 s >Xn)
F(x) = fo(X1,X2, ..., %n)

fm(X17X27 s 7X|’l)



Definice

m Rozpoznavanivzorll se tykda matematickych a technickych
aspektll automatického patrani po logickych zobrazeni faktd.
To obsahuje
klasifikace jednoduchych vzor( a
analyzu a porozuméni komplexnich vzord.

m P¥i klasifikaci jednoduchych vzor( je kazdy vzor zpracovan jako
celek a je nezavisle od ostatnich vzorl pfifazen jedné tfidé Q,
z k moznych tfid Q\, A =1, ..., k. Je také mozné vzor odmitnout,
tj. pfifadit jej ke (k + 1). tfidé Qo, kterd je nazyvana tfida
odmitnutych rozhodnuti (rejection class).



Tridy

Q, se vznikne segmentaci mnoziny Q2 do k (nebo k + 1) podmnozin
Q.,x=1,....knebox =0,1,... k.

Musi platit:
Q. # o,k=1,...,k,
Q.U = ¢ #A,
k k
U Q. = Q,anebo | Q,=Q
k=1 x=0
Poznamky:

m Podle téhle definice jsou tfidy disjunként,
m nedisjunk¢ni tfidy mohou byt vhodné pro nékolik aplikaci,
m nahore uvedené definice nedaji nam kritéria jak najit tfidy.



Tridy
Vzory jedné tfidy
m by si méli byt podobné,
m by se méli liSit od vzor( jinych tfid.
KdyZ vzor nemiZeme spolehlivé klasifikovat, mizeme jej
m bud odmitnout, tj. klasifikovat do tfidy Qg,
m anebo vydat nékolik alternativ, tj. klasifikovat do
{QH,].? QH,Z? ey Qﬁ,nn}'

Kdyz povazujeme v pfirozeném jazyce vSechny predméty, které se
nazyvame jednim slovem, za prvky jedné tridy:
Australsti praobyvatelé

m maji jedno slovo pro ,zeny*, ,ohen* a ,nebezpecné véci*,

m pocitaji ,1, 2, 3, hodné“ a

m maji tucty slov pro klokany.



Postulaty

Testovaci zkouSka:
K dispozici je reprezentativni mnoZina w C Q vzor( f (x) € Q.

| There’s no data like more data. |

Pfiznaky:
(Jednoduchy) vzor mé pfiznaky c,,» =1, ..., n, které jsou
charakteristické jeho pfisluSnosti k jedné tFidé.
Kompaktnost:
Pfiznaky vzorl jedné tidy Q, vypliiuji kompaktni oblast
v pfiznakovém prostoru.
Podobnost:

Dvé reprezentace (vzorll) jsou podobné, kdyZz vhodné definovana
mira vzdalenosti je mala.



Example Application 1 A

m access control to the computer system of a company: the user
has to say his name to login (instead of typing a password)

m only employees of the company (because of access control to the
building)

B cooperative user (wants easy access)

m user says a password or a prompted text, i.e. system knows, what
will be said

m classes Q,: employees

m Qo: if the pattern is not similar to any of the known user, it is
rejected (the user has to type a password)

m the certainty is not important (except for the rejection threshold)

m misclassifications are not critical (assuming that no employee wants
to harm the company)

m all errors are equally bad



Example Application 1 B

m access control to the computer system of a company: the user
has to say his name to login (instead of typing a password)

m some employees have higher system privileges

m some employees might want to get unauthorized privileges

m person could be intruder (because of no access control to the
building)

B cooperative user (wants easy or unauthorized access)

m user says a password or a prompted text, i.e. system knows, what
will be said

m classes Q,: employees

m Qg if the pattern is not similar to any of the known user, it is
rejected (the user has to type a password)

m rejection class is really a union of two classes: intruder or employee,
whose current pattern is not similar enough to his class model

m the certainty is not important (except for the rejection threshold)

m misclassifications are critical

m not all errors are equally bad



Example Application 2 A

m surveillance of phone calls to a country to detect drug traffic
m the surv. organization has a database of N known drug dealers
m some dealers are inactive for a longer period of time
m a suspicious phone call is recorded
m the surv. organization wants to know if the two people are already in
the database
the system doesn’t know what is said (maybe not even the
language)
the user is not cooperative (might suspect that he is observed)
m if the person is in the database, it suffices that his identity shows up
in the first M alternatives, to be verified by a human expert
m if the person is not in the database, the similarity to most of the
elements in the database should be bad enough that no human
expert has to check the classification result
m the certainty of classification is important (used to order the
database)
m missing the person in the database is more expensive than a false
alarm



Example Application 2 B

m The evidence that the recorded voice of a criminal belongs to an
accused person has to be weighed in court
m the user is not or cannot be cooperative
W arightly accused person will refuse to repeat a recorded utterance
W certain influencing factors like stress, fatigue, . .. cannot be simulated
m the certainty of classification is VERY important
m wrongly classifying the accused person is more expensive than
wrongly rejecting the correct hypothesis



Classes

all applications: an utterance has to be assigned to a person
the utterance is longer than one sound
the underlying words (or even the language) could be unknown

one sound of one speaker can be more similar to the same sound
of another speaker than to another sound of the same speaker

m if the classes are the speakers then postulate 3 is violated
Postulate 3:
features of patterns from a class ,. form a compact
subspace
in the feature space R".
m solution:

m cut up the pattern into pieces that are smaller than one sound
m classify these pieces w.r.t. the speakers

m sum up the classification results for each speaker

m decide for the one with the best score



A Classification System

f(x) h(x) c

sensor
.—>[preprocessing ]—»[ featur_e ]—»
signal extraction

working phase

classification

training phase

estimation of subspaces
sample
for classes




Srovnani Sablon

Pozorovani: Zpracovava se vzory digitalné, tj. je jen konecné Cislo
rliznych vzord.

Naivni napad: UloZeni v3ech vzord; rozpoznavani vzoru je pak
srovnani nového vzoru s ulozenymi.

= srovnéni Sablon

Naivni napad nejde kvli po¢tu vzord:
V rastru 18 - 12 (rozpoznavani znak) je 21812 ~ 10%° riiznych

binarnich rastrovych obrazd.
Sedotonovy obraz: 256°12512 ~ 1630000



Srovnani Sablon

Skutecnost, Ze je problém konecny, neni dostatecna pro jeho
praktickou fesitelnost. Vysledek by mél byt dostupny co nejrychleji.

Princip feSeni:
m Neulozi se vSechny moznosti.
m UloZi se algoritmus, ktery umi vypocitat feSeni pro kazdou
moZzZnost.

— Priklad nasobeni: pro kazdou moznost
— Priklad rozpoznavani vzor(: pro skoro kazdou moznost



Spoken Dialogue System

PEECH RE! NITION
S ¢ coc © SPEECH SYNTHESIS

WORD CHAIN/GRAPH ANSWER

6 want to go from Bonn to Frankfurt tonight j You can leave Bonn at ...

ANSWER GENERATION

SPEECH UNDERSTANDING

Monday, September 10", 2001

connection information 5p.m.—8p.m.
Bonn
departure
arrival

Monday, September 10", 2001

7h30 p.m. — 10h30 p.m.
Frankfurt a.M.




