Dynamicky podpis
2

10-minutova motivace pro aplikaci DTW, Daniel Novak

vychazejici z pfednasek Dr. Andrzej Drygaijlo, http://scgwww.epfl.ch/courses/
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Jak funguje graficky tablet

> Elektromagneticka
rezonance

» Tablet

Digital chip

_~' § Modulator

e vysila/prijima

} Pe ro Pen Pressure
e rezonanéni obvod p——
civka-kondenzator

e modulace pritlaku, P

_ ., e AT
stisku tlacitek .

http://www.tablet4u.co.uk/techinfo.html
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Rozpoznani podpisu
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Dynamicky podpis
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(Elevation)

Priznaky:
 souradnice X
 souradnice Y

o pritlak

 natoCeni pera (0°-359°)
* naklon pera (0°-90°)
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Padelani

> Typy padélku
1. nahodne napsany text, podpis jiné osoby

2. podpis vytvoreny na zaklade offline prediohy
(s dostateCnym Casem na nauceni)

3. podpis vytvoreny na zaklade sledovani, jak
podpis vznika

4. kvalitni padelek: kombinace (2) a (3)
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Padelky
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Original a kvalitni padelek
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Originalni podpis
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valitni padelek
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Predzpracovani

» Vyhlazovani

C) e vstupni signal byva
casto velmi zubaty
/ » Segmentace
il ﬁ e zacatek: prvni
- pfitlak

e konec: posledni
zvednuti pera (delsi
nez ...s)
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Predzpracovani
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Vsechny podpisy musi byt zarovnany
vzhledem k pocatecnimu bodu (napr.[0,0]).
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Lokalni a globalni priznaky

» Lokalni priznaky

® souradnice X, y

e rychlost v v = \/ﬁ + i

e zrychleni a

e tecny Uhel O; = arctan (%)
t

® natoceni pera
* naklon pera

e 1.a 2. derivace pfiznaku
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Priklady lokalnich priznaku

> Derivaci je vhodné aproximovat regresi
druhého radu - ne pouze jednoduchou
diferenci vzorka.
Vzorec pro regresi N-tého radu v Ccas tpro
parametr q je:

N
2721 T(Qt—I—T — Qt—T)
2 Z]T\le T2

» Rychlost a zrychleni pak Ize spocitat:

reg(qe, V) =

AC]t = (s = 7“69(%7 2)
AQg, = Ay = reg(Ag, 2)
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Lokalni a globalni priznaky

> Globalni priznaky
e Délka, vyska, sirka podpisu
e Jak dlouho trval podpis
e Jak dlouho byl/nebyl pritlak
e Prumeérna rychlost
e Maximalni rychlost
e Minimalni rychlost

e atd.
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Pouziti modell

» Deterministické metody
e Dynamic Time Warping (DTW)
e Vector Quantization (VQ)
> Statisticke metody
e Gaussian Mixture Model (GMM)
e Hidden Markov Model (HMM)
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“Obycejny” tablet

» Genius G-Pen F509 ~ 1 100K¢

e 2000 Ipi
e 1024 urovni pritlaku

e 125 bodu/s

e |CD
o 2540 Ipi (neinterp.)
e 512 urovni pritlaku

e 200 bodu/s (neinterp.)
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‘Biometricky” tablet

» Wacom Intuos4 S A6 ~ 4 700Kc
e 5080 Ipi
e 2048 urovni pritlaku
e 200 bodu/s

e naklon i natoCeni (grip pen)
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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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o

(d) Gen-Gen DTW path (e) Gen-Forg DTW path
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Proc DTW?

l- l’ i +2

— ] .
e
L -

time time

Porovnani krivek Porovnani krivek
(standardne) (DTW)




Warpovaci funkce

1 i, n » mrizka ukazuje
m S oo, 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
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Rozpoznani podpisu =
DEMO v MATLABU

> Dynamic Time Warping

(a) Genuine-genuine (b) Genuine-forgery (c) Intra-class variability
DTW alignment path DTW alignment path
s + Deviabion from dlagonal 1 81% '::
5o (e
§ 17e '§ “c0
2. ):
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(d) Gen-Gen DTW path (e) Gen-Forg DTW path
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Dekuji za pozornost




