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Databaze podpisu

Signatures
Dataset Database Users Genuines Forgeries Total
DD MCYT-A 50 25 25 2500
TD MCYT-B 50 25 25 2500
SVC2004 40 20 20 1600
BIOMET &84 15 17 2688
MYIDEA 69 18 36 3726

Total 293 5802 7212 13014
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Metody rozpoznavani

» Deterministické metody
e Dynamic Time Warping (DTW)
e Vector Quantization (VQ)

> Statisticke metody
¢ (Gaussian Mixture Model (GMM)
e Hidden Markov Model (HMM)
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DTW zpracovani DP

> Practical On-Line Signature Verification

e J.M. Pascual-Gaspar, V. Cardenoso-Payo,
and C.E. Vivaracho-Pascual

e Advances in Biometrics, Lecture Notes In
Computer Science 2009
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Schéma rozpoznani podpisu

Referencni vzory

podpisu
-~ alespon 5 pro
kazdého uzivatele
7

Extrakce
priznaku

\ prahovani

Mira > =
podobnosti Vysledek

DTW

%

Data =
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Extrakce priznaku

25

> X, Y ’

> p - pritlak 10

5

EER (%)

> a - natoceni (azimuth) :

Skilled forgeries

> i - néklon (inclination) B Position domain 527 | 367 | 86T | 1992 | 2495

M Velocity domain 407 3,46 9,22 18,93 | 22,20

B Acceleration domain | 6,36 5,70 17,69 | 2366 | 26,84

+ 1. a 2. derivace

'=> 15 priznakovych vektoru
(I kdyz nasledne doslo k redukci)
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Rozpoznani podpisu

> Dynamic Time Warping

(a) Genuine-genuine (b) Genuine-forgery (c) Intra-class variability
DTW alignment path DTW alignment path

s | Devigtion from dlagonal 1.81% l:: Deviation from dlagonal: 20.15%
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(d) Gen-Gen DTW path (e) Gen-Forg DTW path
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Proc DTW?

A
—] .

g
_//
; j it2
time time
Porovnani krivek Porovnani krivek

(standardne) (DTW)
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Warpovaci funkce

1 i, n » mrizka ukazuje
m 'oolpk vzdalenost (podobnost)
e jednotlivych bodu (n-

rozmernych) krivek

» snaha o nalezeni
minimalni cesty z [0,0]
j. D, do [n,m]

° resi dynamické
® programovani

Time Series B |1 |P1@|@
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Omezeni warpovaci funkce

Monotonicity: i,y <i; and j,_; <]J..

The alignment path does not go back
in “time” index.

Guarantees that features are not
repeated in the alignment.

Continuity: i,—i,y <l andj,—j._, < 1.

The alignment path does not jump in
“time” index.

_>l'

Guarantees that the alignment does
not omit important features.

VAR
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Omezeni warpovaci funkce

Boundary Conditions: i, = 1,i,=n and
jl - 19 jk: m.

The alignment path starts at the bottom
left and ends at the top right.

N\
m /L/
J

_
T4

(1, —i n

Guarantees that the alignment does not
consider partially one of the sequences.

Warping Window: |i, —j | < r, where r > 0
Is the window length.

A good alignment path is unlikely to
wander too far from the diagonal.

Guarantees that the alignment does not
try to skip different features and gets
stuck at similar features.
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Time Series 4 =%

DTW - piklad

-0.87 -0.84 -0.85 -0.82 -0.23 195 136 0.60 0.0 -0.29
-0.88 -0.91 -0.84 -0.82 -0.24 192 1.41 0.51 0.03 -0.18
SN
— = | 05110511049 [ 049|035 (017 | 021 {033 041 | 0.49
~ <r
S
=< 02711027 1026 | 025 ]10.16 {0.18 | 0.23 [0.25 |10.31 | 0.68
~
—
<< 1013 013 0.13 | 0.12 | 0.08 | 0.26 | 0.40 | 0.47 | 0.49 | 0.49
0 e
o
<< 1008 008|008 | 0081|0101 0311|047 1|0.57 |0.62 ]| 0.65
= &
<< [0.06|0.06 | 0.06 | 0.07 | 0.11 | 0.32 | 0.50 [ 0.60 [ 0.65 | 0.68
e 3
S S 0.04] 0.04| 006 | 0.08| O0.11 ] 0.32 | 0.49 | 0.59 | 0.64 | 0.66
o \©
:; 0.021 0051 008 | 0.11 1 0.13 | 0.34 | 0.49 | 0.58 | 0.63 | 0.66
T *
Time Series B

Tuesday, 4 October, 2011




Rozpoznani podpisu

> Dynamic Time Warping

(a) Genuine-genuine (b) Genuine-forgery (c) Intra-class variability
DTW alignment path DTW alignment path

s | Devigtion from dlagonal 1.81% l:: Deviation from dlagonal: 20.15%
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(d) Gen-Gen DTW path (e) Gen-Forg DTW path
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Schéma rozpoznani podpisu

Referencni vzory

podpisu
-~ alespon 5 pro
kazdého uzivatele
7

Extrakce
priznaku

\ prahovani

Mira > =
podobnosti Vysledek

DTW

%

Data =
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Vysledky

Random Skilled
forgery forgery

EER 0.41% 2.26%

EER = Equal error rate
udava chybovost (jak chybného prijeti
podpisu za pravy, tak i chybného
zamitnuti praveho podpisu)
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Cviceni

» Ukol:

e Napiste funkci v Matlabu, ktera na zaklade
predlozeného podpisu rozhodne, zda se
jedna o original Ci padelek.

- K dizpozici je nekolik originalnich podpisu
(od jednoho Clovéka) a jejich padelku.

- Testovani bude probihat na prikladech,
které nemate k dispozici.

- definice funkce:

function [pravy]=rozpoznej_podpis(podpis)
% podpis - NXT matice, kde N je pocCet vzorku a T pocet

namerenych velicin (x, vy, p,
% pravy - 0 nebo 1 v zavislosti na pravosti podpisu

end
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Navrh reseni - schéma

Gaussian Mixture

/ Model

Extrakce
priznaku

\ prahovani

Mira > =
podobnosti Vysledek

Data =

=pravdepodobnost
7
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Navrh reseni

1. Predzpracovani dat (+ extrakce priznaku)
2. Natrénovani a ulozeni GMM modelu

3. Mira podobnosti

4. Stanoveni rozhodovaciho prahu

5. Rozhodovaci funkce

= poskladani jednotlivych casti dohromady
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1. Predzpracovani dat

» Oriznuti
» Normalizace

» Vypocet priznakovych vektoru
(1., 2. derivace)

» definice m-funkce:

function [priznaky]=predzpracovani (podpis)
% podpis - NXT matice, kde N je pocet vzorku a T pocet
namérenych velicin (x, y, p, ...
% priznaky - MxL matice, kde L je pocet priznakovych
éektorﬁ a M je jejich déelka (M<=N)

en
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2. Tréenovani GMM

> Pro kazdy priznakovy vektor pomoci E-M
algoritmu odhadneme GMM

e pouzijeme tfidu gmdistribution ze
Statistics toolboxu (funkce 1 t)

> Ulozime si vysledny gmdistri but1 on

objekt pro pozdejsi pouziti

> E-M algoritmus
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http://lcn.epfl.ch/tutorial/english/gaussian/html/index.html
http://lcn.epfl.ch/tutorial/english/gaussian/html/index.html

Gaussian Mixture Model

Feature 1
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B0
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Feature vectors
for training
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Histograms
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015t
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score = |log-likelihood (signature | model)
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3. Mira podobnosti = skore

» Mira podobnosti = pravdepodobnost, ze nas
priznakovy vektor x12,..m pochazi z daného
GMM

M
p(x1o.. m|GMM) = Hp(:):z\GMM)
1=1
e pro zjisteni p(xiGMM) pouzijeme funkci
gmdistribution. pdf(X)

e vypocitame celkovou log(p(x1,2
priznakoveho vektoru: Iy

log(p(x1.2,.. M|GMM)) = Zl()g(p(afdGMM))
1=1
> Skoére jednotlivych vektoru secteme (proc¢?)

mIGMM)
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4. Rozhodovaci prah

¢ Original

old
0.80 -
®* Padelek | N\,
0.5 ‘2 Moderate thr Id
é 0.60
O ® ® ® ® ® ® ® ® -2 %
:_{: 0.40
-0.5 b= hold
).20 '
_1 1 1 1 1 1 1
-8000 -7000 -6000 -5000 -4000 -3000 -2000 -10( L
’ ).00
0.00 0.20 0.40 0.60 ).80 |
> Experimentélné. FPF (1 - specificity)
|

e spocitame skore pro nekolik originalt a padelku, které
vyneseme na osu a urcime prah

» ROC krivkou:

e pro kazdou hodnotu prahu spocitame sensitivitu a specificitu - vybirame “optimum”
» Bayes

>
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Bonus

> |Identifikace - prirazeni podpisu ke
spravnému originalu

» Vyuziti globalnich priznaku + lepsSi
klasifikator

» Otestovani na databazi podpisu

e (viz slide 2)

Tuesday, 4 October, 2011



Dekuji za pozornost




