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Úvod

Motivace

Data a jejich
p̌redzpracovańı
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Úvod

Motivace

Data a jejich
p̌redzpracovańı
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1 Úvod
Motivace
Data a jejich p̌redzpracovańı
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Hidden Markov Model

3 Shuková analýza
Přehled p̌ŕıstupů
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Proč modelovat chováńı zv́ı̌rat?

Hlavńı myšlenka:
Rozd́ıly v chovańı zv́ı̌rat jsou znatelné v p̌ŕıslušných modelech
chováńı.

Sledovańı změn v chovańı

Porovnáńı chovańı jedinc̊u
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chováńı zv́ı̌rat

Tomáš
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Odkud data pocházej́ı

Pozičńı data

Akce
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Přehled p̌ŕıstupů
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Pozičńı data

Chyběj́ıćı hodnoty

Šum
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Výsledky

Reference

Pozičńı data

Chyběj́ıćı hodnoty

Linear interpolation

fL(x) = f (x0) + b1(x − x0)

b1 = f (x1)−f (x0)
x1−x0
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Pozičńı data

Chyběj́ıćı hodnoty

Linear interpolation, fL

Quadratic interpolation

fQ(x) = f (x0) + b1(x − x0) + b2(x − x0)(x − x1)

b2 =
f (x2)−f (x1)

x2−x1
− f (x1)−f (x0)

x1−x0
x2−x0
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Modelováńı
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Pozičńı data

Chyběj́ıćı hodnoty

Linear interpolation, fL

Quadratic interpolation, fQ

Cubic interpolation

fC = b0+b1(x−x0)+b2(x−x0)(x−x1)+b3(x−x0)(x−x1)(x−x2)

b3 =
f (x3)−f (x2)

x3−x2
− f (x2)−f (x1)

x2−x1
− f (x1)−f (x0)

x1−x0
x3−x0
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Borovička
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Pozičńı data

Chyběj́ıćı hodnoty

Linear interpolation, fL

Quadratic interpolation, fQ

Cubic interpolation, fC

Kombinace

f (x) =
fL(x)+fQ(x)

2
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Úvod

Motivace

Data a jejich
p̌redzpracovańı
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Chyběj́ıćı hodnoty
Linear interpolation

Quadratic interpolation

Cubic interpolation

Kombinace

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

3

2

1

0

1

data points
linear interpolation
quadratic interpolation
combination of interpolations



Modelováńı a
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Pozičńı data

Chyběj́ıćı hodnoty
Linear interpolation

Quadratic interpolation

Cubic interpolation

Kombinace

Filtrace šumu

Median filter

Moving average filter

Kalman filter
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Vzdálenost mezi
modely
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Modelováńı

Přehled p̌ŕıstupů
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Kalman filter

Proč Kalmanův filtr?
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Kalman filter

Modelováńı linárńıho systému
Skrytý markovský model se spojitými stavy

Update
step

Predict
step

Initial conditions(x0) Measurement(zk)

State estimate(xk)
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Borovička
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Kalman filter

Co je uvniťr?

posterior(xt - 1)

prior(ẋt)

measurement(z)

residual(y)
y= z - ẋt

new estimate(xt)
(posterior)
xt = ẋt + Ky
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Úvod

Motivace

Data a jejich
p̌redzpracovańı
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analýza
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Vzdálenost mezi
modely
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analýza
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Related work

Modelováńı chovańı myš́ı v labyrintu [1]
Hidden Markov Models
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Related work

Modelováńı chovańı skotu [2]
Hidden Markov Models
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Šabata,
Tomáš
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Modelováńı chovańı skotu [2]
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Modelováńı chovańı lid́ı [3]
Fuzzy Q-state learning + Agglomerative fuzzy clustering



Modelováńı a
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analýza
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Výsledky

Reference

Př́ıstupy modelováńı sekvenćı

Dynamic Bayesian network
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Šabata,
Tomáš
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Vzdálenost mezi
modely
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Př́ıstupy modelováńı sekvenćı

Dynamic Bayesian network

Hidden Markov Models
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Př́ıstupy modelováńı sekvenćı

Dynamic Bayesian network

Hidden Markov Models

Linear chain Conditional Random fields

Xt-1 Xt Xt+1

t-1 Yt Yt+1Y



Modelováńı a
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Dynamic Bayesian network

Hidden Markov Models

Conditional Random fields

LSTM RNN
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Co je Hidden Markov Model (HMM)?

λ = (A,B, π)
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Úvod

Motivace

Data a jejich
p̌redzpracovańı
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Přehled p̌ŕıstupů
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Co je Hidden Markov Model (HMM)?

λ = (A,B, π)

Množina skrytých stav̊u Y = {y1, y2, ..., yN} a
pozorovanych výstupů X = {x1, x2, ..., xM}
Sekvence stav̊u Q = q1q2q3...qT a sekvence výstupů
O = o1o2o3...oT

Pravděpodobnosti p̌rechodů (transitions) A = {aij}
aij = P(qt = yj |qt−1 = yi ), 1 ≤ i , j ≤ N

Pravděpodobnosti pozorovanych symbol̊u (emissions)
B = {bi ,j}
bi ,j = P(ot = xj |qt = yi ), 1 ≤ i ≤ N, 1 ≤ i ≤ M

Pravděpodobnosti počátečńıch stav̊u π = {πi}
πi = P(q1 = yi ), 1 ≤ i ≤ N



Modelováńı a
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λ = (A,B, π)

Množina skrytých stav̊u Y = {y1, y2, ..., yN} a
pozorovanych výstupů X = {x1, x2, ..., xM}

Sekvence stav̊u Q = q1q2q3...qT a sekvence výstupů
O = o1o2o3...oT

Pravděpodobnosti p̌rechodů (transitions) A = {aij}
aij = P(qt = yj |qt−1 = yi ), 1 ≤ i , j ≤ N

Pravděpodobnosti pozorovanych symbol̊u (emissions)
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Pravděpodobnosti počátečńıch stav̊u π = {πi}
πi = P(q1 = yi ), 1 ≤ i ≤ N
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Výsledky

Reference

Co je Hidden Markov Model (HMM)?

λ = (A,B, π)
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Množina skrytých stav̊u Y = {y1, y2, ..., yN} a
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Pravděpodobnosti počátečńıch stav̊u π = {πi}
πi = P(q1 = yi ), 1 ≤ i ≤ N



Modelováńı a
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Jak HMM použ́ıt?

P(O,Q) - Trellis diagram

q1 q2 q3 qT

o1 o2 o3 oT

P(o1, ..., oT , q1, ..., qT ) = P(q1)P(o1|q1)
T∏

k=2

P(qk |qk−1)P(ok |qk)

P(o1, ..., oT , q1, ..., qT ) = πq1bq1,o1

T∏
k=2

aqk−1,qkbqk ,ok

Vybaveńı modelu? Viterbiho algoritmus - arg maxQ P(O,Q|λ)

Učeńı modelu? EM algoritmus - arg maxλ P(O,Q|λ)
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Modelováńı
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Vzdálenost mezi modely
Zvolené p̌ŕıstupy
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Výsledky

Reference

Existuj́ıćı algoritmy shlukové analýzy HMM

Spektrálńı shlukováńı pomoćı Bhattacharya divergence[4]

Spektrálńı shlukováńı pomoćı Kullback-Leiblerovy
divergence[5]

Variational hierarchical EM [6]

V čem je problém? −→ Normálně rozdělené emissions!
Jak z toho ven? −→ definovat vzdálenost jinak.
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Existuj́ıćı algoritmy shlukové analýzy HMM
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Přehled p̌ŕıstupů
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Výsledky

Reference
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Přehled p̌ŕıstupů
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divergence[5]

Variational hierarchical EM [6]

V čem je problém? −→ Normálně rozdělené emissions!
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Modelováńı
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Euklidovská vzdálenost

Euklidovská vzdálenost[7]

Euklidovská vzdálenost mezi řádky matice B

dec(λ, λ′) =
√

1
N

∑N
i=1

∑M
k=1 ||bik − b′ik ||2

Minimalizovaná Euklidovská vzdálenost
dmec(λ, λ′) =

√
1
N

∑N
i=1 minj

∑M
k=1 ||bik − b′jk ||2

Pravděpodobnostńı rozděleńı B je z hlediska podobnosti dvou
HMM nejvýznaměǰśı [8].
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Hidden Markov
Model

Shuková
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Statistická vzdálenost I

Kullback-Leiblerova divergence[7]
výpočetně náročné −→ aproximace.

1 dKL(λ, λ′) =
∫
O

1
G(O) log P(O|λ)

P(O|λ′)P(O|λ)dO

2 p̌redpoklad: Q = Q ′ = Qopt, modely si jsou podobné

3 dVit(λ, λ
′) =

∫
O

1
G(O) log

P(Qopt,O|λ)
P(Qopt,O|λ′)P(O|λ)dO

4 p̌redpoklad: Markovský řetězec je ergodický

5 dVit(λ, λ
′) = 1

G(O) log P(Ql ,O|λ)
P(Ql ,O|λ′)P(O|λ) + ε
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Úvod

Motivace

Data a jejich
p̌redzpracovańı
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Statistická vzdálenost II

6

dVit(λ, λ
′)− ε =

1

G (O)

T−1∑
t=1

(
log ayt ,yt+1 − log a′yt ,yt+1

)
+

1

G (O)

T∑
t=1

(
log byt ,xt − log b′yt ,xt

)
7 Délka sekvence O je dostatečně dlouhá

8

dVit(λ, λ
′) ≈ δ̃Vit =

∑
i ,j

aijπi
(

log aij − log a′ij
)
+

∑
i ,k

bikπi
(

log bij − log b′ij
)
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Shlukováńı

1 Hierarchistické shlukováńı

Linkage ze vzdálenostńı matice (single, average, complete)

2 Spektrálńı shlukováńı

podle Shi a Malik (2000)
podle Ng, Jordan a Weiss (2002)

Vytvǒŕıme matici vzdálenost́ı X

Reprezentace této pomoćı podobnostńıho grafu

Similarity matrix W, wij = e−
||Xij ||

2

2σ2

Degree matrix D, Di ,i =
∑

j∈V wij , Di ,j ;i 6=j = 0
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analýza

chováńı zv́ı̌rat

Tomáš
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Modelováńı
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Spektrálńı shlukováńı - Shi and Malik

1 Výpočet vlastńıch č́ısel (D −W )y = λDy

2 Pomoćı druhého nejmenš́ıho vlastńıho č́ısla rekurzivně
děĺıme graf.

Normalized minimum cut

Minimum cut

Minimum cut
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analýza
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analýza
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Evaluace modelu

Vizuálńı evaluace doménovým expertem

Evaluace pomoćı Viterbiho sekvence

Label Acc. Mean Acc. Variance
S1 93.45% 2.22

S2 99.76% 0.69

S3 93.94% 2.82

S4 94.83% 4.12

S5 85.73% 3.93

Přesnost 83.86% 4.76
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Výsledky shlukováńı

Hierarchistické shlukováńı

single linkage

cluster id
1 6 2 13 20 10 28 19 25 11 18 3 30 4 12 17 29 14 8 26 7 23 27 24 21 16 9 22 15 5

di
st

an
ce

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

single linkage
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Hierarchistické shlukováńı

Single linkage

Avereage linkage

cluster id
13 6 1 3 9 27 5 7 2 15 14 20 22 19 25 28 23 10 30 11 26 4 21 29 8 12 18 24 17 16

di
st

an
ce

1.35

1.4

1.45

1.5

1.55

1.6

average linkage
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Přehled p̌ŕıstupů
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Single linkage

Average linkage

Complete linkage

cluster id
4 30 3 14 25 8 12 22 26 2 9 13 27 10 18 1 23 15 21 29 11 16 20 5 28 6 19 24 7 17

di
st

an
ce

1.6

1.7

1.8

1.9

2

2.1

complete linkage
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Šabata,
Tomáš
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Hidden Markov
Model

Shuková
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Děkujeme za pozornost.
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