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1. INTRODUCTION

Recently, biometrical authentication systems arggested, such as using fingerprint, vein and
retina which are inherent characteristic to a pd&o However, some people hesitate for collecting
biometrical characteristic, such as fingerpringrisiig name is much more common and people dostelhot
resistance[8].

The signature data is classified into two kindfoofmat, one is on-line data and other is on-lineada
Recent on-line signature data has six dimensiote alang time, whereas on-line data is static imdafa
written by a person. The on-line signature datablendo obtain invisible information and personal
characteristics[1, 5].

Many researchers use xy coordinates informatioh ith&nputted from the pen tablet for on-line
signature verification[2, 3, 4]. However, the peblet can also obtain pen pressure and pen inidinat
information. Those information are difficult to fgr other person's signature because those arésiiné\[6,

7]. They include personal characteristics, suclthasperson how to grip a pen and how to move im&o
researchers verify the signature by complex featuising weight factor, however it is not alwayscass
because weight factor is calculated by featuresigriature database. When other database is usesh th
factor need to be changed in many case.

In this paper, we propose two invisible featurem@d PenRad and Down which are calculated
physically for on-line signature verification. Thecognition rate of on-line signature verificatisgrimproved
by our proposed features.

The later parts of this paper is organized as¥otig. Sec. 2 discusses on-line signature informatio
Sec. 3 proposes four features using invisible mftion, Sec. 4 explains about verification meth®eg. 5
shows verification result.
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2. PENTABLET INFORMATION
The general pen tablet obtains six dimensions detaFigure 1: x coordinate, y coordinate, pen

pressure, pen directio®)( pen altitude @) and time. When pen-up, accurate pen incline méion is not
obtained. We can not use pen information when gen-u

=three type of handwriting data

pen inclination

-

( direction 8, altitude @)

Figure 1. Pen tablet inputting information

3. DEFINITION OF PERSONAL FEATURES

In this paper, we define the personal featuresgugian inclination and pressure information
obtained by pen tablet. Pen inclination informatmonsists of pen direction and altitude. Howeverisi
difficult to use them in unison, because their Eng@eq.1,2) are different. We need a new featurat wh
calculated from the pen incline information if wefuse the use of weight. In this section, we preposir
features: absolute pen top poany), related pen top poinfit), PenRadandDown

0 < direction < 2*x (1)
0 < altitude <« (2)
3.1. Absolute Pen Top Point

We define absolute pen top pointapt that is thrimeedsions coordinate calculated by spherical
polar coordinate equation. The conversion equatidqen inclination information to three dimensiquar
coordinate are follow:

atpi=r Xsing@ X cosb, 3)
atp,=r X sing@ X cosd, (4)
atp,=r X cosg, (5)

r where a pen length factor that means as the wéiglv much pen inclination information is

reflected,@ is pen direction and is pen altitude. The absolute pen top point represrelative movement
of a pen from where pen touches tablet as illustrat Figure 2.

Az

/; «-Absolute Pen Top Point
/ A (atp. x, atp.y, atp. z)

4

Figure 2.lllustration as absolute pen top point. It is ambtime original coordinate.
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3.2. Relative Pen Top Point

The pen tablet obtains pen nib coordinate as<yheoordinate information. Relative pen top point
reflects the person how to grip and incline the.gelative pen top pointontainsxy coordinate and pen
inclination.Relative pen top poins calculated by following equation:

rpy = atp+ X, (6)
rtp, = atp, +y, (7)
rtp, = atp,, (8)

Relative pen top poinis addedxy coordinates andbsolute pen top pointt is a big problem to
calculate an appropriate pen length, becaak#ive pen top pointontains theabsolute pen top poirds
illustrated in Figure 3. When weight factor of gdength is bigrelative pen top pointlose toabsolute pen
top pointand when pen length is small, pen inclination datiareflect tarelative pen top point

A 7 Related Pen Top Point
z / (rtp. x, rtp. y. rtp. 2)

X
-
S (x, y)'; ’{,;FenRad
/”/ \\/\
17 4 ‘
Figure 3. lllustration as relative pen top pointldive pen top point is addegt coordinate andibsolute pen
top point

3.3 PENRAD

Relative pen top pointeeds proper pen length that is useaitpy however it is difficult to calculate
the effective it. We introduce an another angleuieaPenRadwhich does not require weight factor to
calculate PenRads an angle between vectatp and vectordx, dy as illustrated in Figure 3. It represents a
pen inclination to the direction of pen movemdtgnRads calculated by follow:

| = Jdxxdx +dyxdy ©

tp, x dx+atp, xd
PenRad= arccos(a B - Py yI) (10)

PenRads influenced by the person how to grip a penwhith height of a pen is griped.

3.4 DOWN

When a person writing a signature, he/she forces kimd of power vectors: the forces to the
drawing face and to the movement of a pen. Thectiine of pen pressure information originally ob&dnby
pen tablet equal to the vector of pen inclinatioot, equal to perpendicular to the drawing facenéans the
pen pressure is influenced by pen movement inalinatSome researchers use original pen pressufe[8,9
however, we defin®own feature to represent the perpendicular vectoheéodrawing faceDown feature is
calculated bydx,dy) feature,PenRadfeature, pen inclination and pen pressure infoionaas illustrated in
Figure 4. First, thedx,dy vector is separated into the perpendicular veaiwt parallel vector to pen
inclination. Next, the parallel vector of pen imation is added to pen pressure information (eqBi8plly,

angle of the added to pressure vector is corrdmguen altitude @) (eq.14).

v = Jdxxdx+dyxdy , (11)
move, = VX cos(PenRad, (12)
pressure= pressure<w+ move, , (13)

On-line Signature Verification based on Pen Indioa and Pressure Information (Shin J)
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Down= pressurexsin(altitude) , (14)

(dx, dy) =X

altitude,, /
/7 down T

pressure

Figure 4. Down is calculated with physically vecamalysis. Direction of-axis is same to pen movement.

To calculateDown feature, the weight factor w is needed becauseahge of pressure and pen
movement is different. Weight factor w is experittaly calculated in Section 5.1.

Training ™| Testing

/5T

/

@/(_]; _@ =Y. @, g if D=0 accepr T,

reject otherwise

’ D= ‘ id‘
A=l J

Figure 5. On-line signature verification systehis threshold about accept or reject [3].

4. SIGNATURE VERIFICATION

In this paper, we use the database of Signaturdid&tion Competition 2004 (SVC2004) Task2
that include the pen incline and the pen pressifoemation [10] to verification. SVC2004 databased 20
genuine signatures and 20 skilled forgeries writtgn40 users. We use randomly selected 5 genuine
signature data as training data and calculate ifyeatire distance between training signatures ast t
signatures using Dynamic Programming matching &@lyor The signature distance is calculated by fello
equation (eq.16, 17) and Figure 5:

( g(t —1,7) )
g(i,5) = min| g(i—1,5—1) | +dist(i, j),(15)

gi—1,7—2)
211:1 E;lzl“m ; . —
TS e T 6)
73 dik
D, = Zfi (17)
X o

wheredist(i,j) is a distance betweerth point of signaturéd andj-th point of signaturd. n is a
number of test signatured’ is distance of signaturieand signaturg, and regularlyd’ is not equal tad’
because of DP matching algorithm (eq.1b)s variance ofn training data andy is evaluation value of
signaturek. Since the training data are selected at rand@®,trhining patterns combinations are tested to
increase reliability of verification.
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5. RESULT AND DISCUSSION

In this paper, the signature verified by four feasu derivation of xy coordinatedX,dy), derivation
of relative pen top poinfdrtp), PenRadand Down feature. We calculate the FRRs (falsecteptes) and the
FARs (false accept rates) about the signaturertdistand calculate the EERs (equal error ratesh Asult
in Table 1, thédown features the best effort

Table 1. EER result about four features. Smalkenddird deviation means the verification methodasem

stable.
Feature Average(%) Stdev
dx,dy 6.844 0.857
pressure 11.783 0.687
drtp 6.865 0.883
PenRad 7.397 0.697
Down 5.430 0.667

1.00

6.90 /

N
6.85

100 200 300 400 500 600 700 800 9S00 1000
weight of pen length

Figure 6. EERs varying in pen lengthrefative pen top pointn calculatingrelative pen top pointhe best
weight of pen lengthv is 500. When pen length equal tgp@n top points same to xy coordinate.

Relative pen top poirand Down have weight factors that are pen length and presseight. We
calculate those weight factor by experiment. Wewate an EER with varying in weight factor. Figirés
the result ofelative pen top poinand Figure 7 is the result Bbwn feature.
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Figure 7. EERs varying in weight of pressure. licglating Down, the best weight of pressuneis 0.08.
EER is sensitive by changing of weight.
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6. CONCLUSION AND FUTURE WORKS

We have presented new features using pen inclimatial pen pressure. Some features have weight
factor that is calculated by experiment. Howeves,require equation of calculating a proper weibbtause
when we use other signature database to verifitatieeight factor is change. In this paper, pressure
information is used to calculate Down feature anerage of correct verification rate is improved®th57%.
In the future, we will propose another feature ghted by pen inclination information without weigh
factors.
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