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RESUME 

Un o uti l in f o rma t iqu e est pr opose dan s l e but 
d e perm e tt r e I 'e tud e interactive d es ca ra cte
ri stiq u es spat i o - temporelles d es signatures 
manu sc r it es. L ' outi I p e rm et d e faire l e pont entre 
I ' aspect vis u e l d ' un e s ignatur e et l es ca r acte ri s 
tiques dynamiques r e l iees a so n e xe cu tio n . Des 
command es d 'editi on grap h iques et d e traitement 
num e r ique sont dispo n ible s a I ' u s ag e r p our 
r es pe c tiv ement manipuler et modifi e r a I ' ec ran les 
diff e r en t es representati on s r e l iees a un e signat ur e 
d onnee . 

ABSTRACT 

A so ftwa r e to o l i s pr o posed f o r int e ract ive 
st ud y of spa ti o- temporal c hara cte r ist ics r elated to 
handwri tten sig natur es . Th e tool fi ll s the gap 
betwee n visua l a nd dynam ic asp ect o f signatur e with 
s p ec ifi c g raphi c ed iti ng command s that ca n be u se d 
t o ma nipulate o n th e sc r ee n th e vari ou s 
r e pr ese n tat i o n s o f f eat ur es r e lated t o a g i ven 
sig natur es. Al so, u se f ul data proc ess ing commands 
al l ow modificat i o n of the co nt e n t of th ese 
r e p r es en tat ion s . 

1- INTRODUCTION 

Ha ndwri ti ng i s a r at h e r compl ex mec hani sm whi c h 
r es ul ts in t h e ge n e ra t i o n o f I in e images. Th ese 
images ca n be analys e d by diffe r e n t r ecog niti o n 
t ec hniqu es based e i t h e r o n t h e v i s ual output o f t h e 
p r ocess l o r on th e dynam i c inf o rma t i o n a cquir ed by 
speci fi c se t up durin g th e pr ocess i tse lf . Among 
the differ e nt c ia " o f pr o blem s d ea ling wi th 
handwrit.in g r ecog nit.i o n , s ignatur r veri f ication has 
bee n given a g r owing attent i o n i n th e pa st te n 
yea r s 1/1 the fi e Id o f compu t e r sec ur i ty . Ind ee d , 
wi th t h e in c r e ase i n th e numb e r . o f e l ec tr oni c fund s 
t rans f e r s a nd any o th e r compu ter a ccess, th e n eed 
f o r an Automat i c P e rs o n a l Id entification (AP I ) 
!'ystem h as b ecome a maj o r pri o ri ty . 

Signa tur e v e r ifi ca t i o n tec hniqu es o ff e r 
diff e r ent ry advan ta ges o v e r o th e r identi fi cati o n 
t.ec hniqu es - ( pa ss wo rd s. P I ~'s, mag net i c card , 
finger prin t . vo ice . . .. ) . It I S an accepted and 
easi l y t este d met hod. S i g na tu re ca nn o t be l ost o r 
,tolen a nd i t c an ha r dly be im it a t e d dynami c a l ly. 
In t h e pas t fift ee n yea r s. i ntensive r ese a r c h has 
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b ee n made3,4.5,6 ,7,8 to impl a n t an API sys t ems 
bas e d o n s ignatur e. But no n e o f th e systems a lr e ady 
propose d in the I iterature ha s put the final po int 
on th e s ubj ect. Ind eed , handwrit ten sig na t ur e i s a 
compl e x ta s k requiring a hi gh mu sc ular ski l Ifuln ess 
and we be l ieve t ha t further fundamental r esearch is 
n ee d ed o n the handwritten phen omenon t o improv e the 
perf o rman ces o f the systems . 

Differ e nt too l s and methods exist tha§ h e lp 
res ea r c h in handwri t ing . In psychol ogy, f o r 
examp)e , meas ur eme n t o f rea ct i o n t im e o r movement 
tim e ar e o f te n u se d t o verify pr es umpti o n s abo ut 
specific handwritt e n task (e .g. identification o f a 
mo v ement unit in handwriting; th e stroke). In thi s 
pap e r , we pr ese nt an interactiv e so ftwar e t ool 
bas ed o n th e poss ibility to do time co upling 
betwee n visual inf o rmati on (that i s the s ignatur e 
itself o n the pap e r) and any t y pe o f dynami c 
in f o rmati on ba se d o n data sampled during the 
executi on of the handwritt e n task. 

In t his co n t r i bu t i on , we re c a I I ins e c t i o n I I 
the two c la ss o f f eatures involved in s ignature 
verifi cation (visual and d ynami c ) and poi nt o ut 
t heir compl ementariti es . We present in se c t ion III 
an o v e rvi ew o f t h e features (technica1 and 
fun ct i o nal) implant ed in t h e so ftwar e t oo l . In 
sec t io n I V, ' we give a typical appli cati on s h owing 
the utility o f the t oo l in int e ra c tive analy s i s o f 
handwritt e n task, speci fi ca lly s ignatur e. 

11- VISUAL VERSUS DYNAMIC INFORMAT ION 

Two maj o r cl a ss o f feature s dealing with 
s ignatur e can be u se d a s input f o r an API system: 

the vi s ual information 
(that i s the final result o n th e paper) . 
the dynami c information 
(that is th e seq u e n ce in time o f any meas urabl e 

( but mea ningfu l) c haraCteristi c ). 

Opti ca l a na l ys i s o f signature is a u se ful 
tec hniqu e in o ff - l ine verification appli cat i o n lik e 
docume nt exp e r tise. But, sometimes, in o rd er to 
pron o un ce a co rr ect verdict ab out the authenti c ity 
o f a sig natu r e, an e xpert ne e d s t o gath e r d y nami c 
f eat ur es fr om t h e s tati c r e pr ese ntati on o f a 
s i gnat ur e by examining it und e r mi c r osco p e (th e 
asp ec t o f t h e pap e r fib e r wh e ~ e th e p en had pa sse d , 
the vari a ti o n in t h e thi c kn ess o f th e lin e, . .. ) . 
Howeve r th ese tec hniqu es ca nn ot be automated (at 
l east in a n ea r fu t ur e) and ar e thus unu sa bl e f o r 
AP I a p p I i cat i on s . 
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On the other hand , dy namic signals can be 
processed and analysed by different techniques , 
namely the u s ual signal pro ce s s ing approa ch 
(filtering, correlation, s pec tral analysis , tim e 
series, e tc). But these met hod s rarely take int o 
account the visual origin of thes e specifi c 
signals and question s like : 

"Which parts of a signature was tra c ed mor e 
rapidly than a speed thr es ho ld? " 

"Are the ampli t ude variati on s o f the signal 
more determining in the shaping of a given 
lett e r than are frequency variations?" 

"Are rapid movements more accurate and easily 
repeated than slower ones?" 

remain unanswered because only one aspect of the 
available information is usually analysed . We 
believe that signatures must be analysed by 
coupling the vi s ual and dynami c information 
together . This requires that position and other 
dynamic information must be s ampled simultaneously 
during the execution of a signature. 

The source of information related to signature 
could be of vari o us. kind: 

- Those issued directly from transducers at the 
executi on time. Th e transducers could be in the 

5 
~itin§ ~en (lik e strain gages, accelero-
meters , 4 , , etc.) , or under the writing surfa/j e 
(digitizer 7 or digitizer with analog computation! ) 

- Tho se obtained indir ect ly after computation 
from the sampled data (first and s econd tim e 
derivativ e o f posi ti o n , radius of curvature, 
instantaneous frequency o f the signal, or any o ther 
interesting features) . 

But the main requirem ent to make time coupling 
is that all sour~es of dynami c information must be 
sampled simultaneously by an adequate set-up. 

111- THE SOF1WARE TOOL 

To be able to illustrate the idea behind the 
expressi on "time coupling", an handwritten 
signature has be e n sampled (at 200 Hz) by a 
digiti.er (model MM960 Summagraphic Inc . ) One can 
redraws the signature o n a graphic screen by 
tracing the X(t) sequence vs the Y(t) sequence a s 
in figure . ! where the bottom signal is X(t) whil e 
the one above is Y(t) . 

The effective coupling o f information can be 
made int e rnall y by so ftwar e be cause we know "when " 
each upstrok e and down st roke hav e been mad e. To see 
a desi red coupl ing wi th the software tool, the user 
only ha s to local iz e a moving c ross on the screen 
with th e cursor arr ows on the keyboard (or with a 
mouse) on a point of interest ( e.g. a glitch on the 
X{t) signal o r a parti cular stroke on the 
signature) and d e pr ess the s pace bar on the 
keyboard ( o r a button o n th e mo use). The so ftwar e 
aut oma ti c a I I y fin d s th e· po i n t 0 f the g r a ph t hat i s 
\he near es t to the c r oss , and indicates with 
numbered vertical lin e(s) all the couplings in ti me 
o ccurring on the graphs that belong t o the same 
s ignatur e . 
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Figur e ! 

Figure 2 

For example, the underlying " timing " o f th e 
si gnatur e in fi gure . 1 can be r et ri e ved by co uplin g 
ten consecutive samples of th e pos i ti on signal 
(e.g. one at each lOO s amples representing o ne 
tenth o f the t o tal" duration of the signature) t o 
their effective po si tion s in 2D (figure.2). Th e 
numbered vertical lines indicate the ten co upling s. 

Several functions hav e been implanted jointl y 
to the coupling function but b efor e saying mo r e 
about that , the foll owing describes the technical 
features ' of the software. 

Techni cal featur es 

The software i s wr i tten in FORTRAN 66 (about 
6000 statements or about 230 Kby t es of compiled 
code running on a mainframe IBM 4 381) . It u ses the 
T .e.S. Library of s ubroutines and so it must b e run 
from a TEKTRONIX 4010 / 4014 ter.minal (or a Tektr o nix 
emulator). At execution, an additional 170 kbyt es 
is required for constants, and wo rkspace. 

At the data level , the working ~rea consists in 
two regions (for eventually two signatures), each 
divided into seven c hannels. One channel can ho ld 
up to 2048 data (e . g . a ten seconds s ignature if 
sampled at 200 H.). At start up , the program reads 
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a data fil e into th e system and puts it in one 
re g ion of the wo rking area . If th e file contains 
o nly thr ee no n- emp ty channels (e.g . X po siti o n , Y 
pos iti o n . and pr ess ur e ) . f o ur channels are th en 
l e ft empt y and co uld be fill e d with s ignal s that 
c o uld b e modifi e d by o n e o f the 19 data proc es sing 
command s ( see fun c ti onal f eatur es) . 

At th e g raphical I e v e l, th e so ftwar e can tra ce 
o n th e same sc r ee n : 

- up t o ID figures a ssoc iated t o th e first fil e 
and / o r 

- up t o ID fi gur es ass oc iated to th e sec ond file 
and / o r 

- u pt o I 0 fig u r e s ass 0 c ia t e d tot het wo f i I e s 
t o geth e r in o r~er to mak e comparis on . 
( e. g. co rr e lation be twee n fil e s). 

Ea c h 0 f the s e 
differ e nt way s by 
i s de sc rib e d n e xt . 

graphi c s c an be modified in 
th e 17 graphics commands as it 

Functi onal f eatur es 

Th e 
f 0 I lows: 

implan te d fun c ti o n s ar e 

- 19 d a ta proces s in g commands 
- 1 7 g raphi c editing command s 

divid e d a s 

As we hav e s aid , e a c h chann e l o f the working 
ar e a c an be modifi e d by th e data processing 
c ommand s. Th ese command s are menu driven. Fo r 
exampl e, o n e c an filt e r , deriv e, int e rpolat e o r 
even mak e a n FFT o f a signal s, o r else, make s 
op e rati on s bet wee n s i gna l s ( a dd , mult, iply , 
co rrelat e . .. ) . Al so o n e c an add a cust omiz e d 
a pp I i cat ion tot I. e so f t wa r e . J t i s ea s i I y 
e xpandabl e. 

Al so, eac h f i gur e dr3~~ from th ese c hann e l s c an 
b e int e ra c tiv e ly edit e d via th e gn. ,hic editing 
command s . Th ese commands are call ed with a on e 
c hara c t e r mn emo ni c and u se a moving cr os s t o 
manipula te t h e figur es o n th e sc r ee n . Mo st o f th e 
graphi cs co mma nd s co n ce rn manipulat io n s o f two 
kind s o f wind ows : a " virtual " window whi ch 
d e termin es th e da ta t o be di s played, and a 
- di s pl a y ' wind ow whi c h d e termin es wh e re, on th e 
,c re e n , th e se l ec t e d da t a wil I be pl o tt e d , Commanrl s 
a r e av a il ab l e t o mo dify th e numb e r . t h e dispos iti on 
and t h e co n t e n t of th e wi ndows t o b e drawn on th e 
sc r ee n . I t i s a l so poss ibl e t o mak e me a s urement by 
s up e rim pos i ng u se r d e fined r e f e r en ce g rid o n a 
wi nd a w o r a n o th e r wi nd ow I n o rd e r t o ma k e 

qu a lit a tiv e compari so n . 

Ob v i o u s ly . we ca nn o t di sc u sse d h e r e the d e tail s 
o f eac h o f th e im p la n t ed fun ct i o n s but we c an giv e 
a n appli ca ti o n ex ampl e u s in g some command s in o rd e r 
to ga in e d a n in s igh t in th e wa y th e pr og ram 
pr o gr ess thr o ug ho ut th e comm a nd s . 

I\'- APPLICATION 

Supp o se we 
g i .... e n dig iti ze r. 

have 
We 

a s i g na tur e sa mp l e d with a 
wa n t t.o kn ow wh e r e . o n t he 

signat ur r . t h e 
h ig h e r t han all 

I in e has been t r ace d a t a s p ee d 
a r b i t r a r y t h r •• ho l d va lu e. 
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Figure 3 

To answer to this question, 
procedure wi I I be used : 

the f 0 I I owi ng 

1. Read the file where the X and Y coordinat e s o f 
the signature are st o red. 

2. Make a copy of the po s i tion signals (X(t),Y(t)) 
in two empty channels of the wo rking area . 

3. Display the signatur e to se e if it i s necessary 
to fi Iter the signals (figur e. 3) , 

4 . Filt e r if ne ce ssary (ye s in our ca s e) . 

N . B .: Two kin d s 0 f f i I t e ra rea v a i I a b I e in th e 
pr ogram : 

- frequ e n cy sampling FIR filter ll 

moving we ight e d av e ra ge filter . 

5 . Deriv e on e pair o f pos iti o n s i gnal s t o o btain 
th e sp e ed r e lative i o e a c h dire c tion (X ' (t ) and 
Y( t ). 

N.B. : We us e finit e c entral diff e renc e calculu s f o r 
fifth o rd e r s po l y nomial s l2 

Figure 4 
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6 . Tran s f o rm th e (X ' (t) , Y' (t ) ) s ignal s int o I V(t) / , 
th e absolut e s pee d valu e . 

7. Di s pla y t h e s ignatur e and th e I V ( t )1 s ignal 
(fi g ur e .4). 

8 . Choose th e t hr es ho ld spee d value (bel ow whi c h 
th e s ignatur e will be tr a c e d wi th dot ted lin e ) 
with th e sp ec ifi c graph i c editing c ommand . 

9 . Di s pl ay a ga in th e s i g na tur e and 1\,(t) / ( fi g ur e . 5 ) 

Figure 5 

]f we n ow want t o "' zoom" on a parti cula r 

se c ti o n o f the wh o l e s ignatur e. a command e xi s t to 
cut th e d es ir e d sec tion and r e draw it magnifi e d 
(e . g. th e ' an " o f " J ean " ). Fi gure.6 s hows t h e 
re s ul t. 

As we ha ve alread y s aid , o th e r u se ful 
fun c tion s ar e a va i labl e t o h e lp the us e r i n h i s 
study o f a handwritt e n ta s k and figur e . 7 sh ows some 
of th em. A mo r e c ompl e t e sub se t o f fun c ti on s wi I I 
be sh own at the o ral pr e s entati on . 

Figure 6 
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Figure 7 

V- CONCLUSIONS 

We hav e d e v e l o pe d a t oo l o f pr a cti cal i n te r es t 
t o s tudy signa t ur es ( o r handwritin g in g en eral) in 
a plea s ant envir onm e nt . It run s on a mainfram e 
allowing computin g powe r and a lar ge libr a r y o f 
already d e vel o ped pr ogram s o f mathemati cal 
transf o rmati ons and digital signal pr oc e ss ing. The 
pr o gram ha s pr o vi s ion f o r additi onal fun c ti on s. The 
features extra c ti o n pr ocess can n ow b e made 
intera c tive ly with thi s so ftwa r e too l. We 
presently use it t o devel o p handwritin g f o rmati on 
mo d e l s (and t o v e rify mo d e l alr e ady pr o pose d in 
li t e rature 9 ) in o rd e r to bet ter und e r s tand th e 
nature o f handwriting . 
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