
5 CONCLUSIONS

In this paper we have pr es ent ed t he NPen++ s ys t em, a neur al r ecogni zer for wr i t e r
dependent and wr i t e r i ndependent on-l i ne cur s i ve handwr i t i ng r ecogni t i on. Thi s

s ys t emcombi nes a r obus t i nput r epr es ent at i on, whi ch pr es er ves t he dynam
i nf ormat i on, wi t h a neur al networ k i nt egr at i ng r ecogni t i on

s i ngl e f r amewor k. Thi s ar chi t ect ur e has been s
t empor al s equences as pr ovi ded by t

Eval uat i on of t he s ys t emon
t o 20, 000 wor ds
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Fi gur e 3: ( a) Di �er ent wr i t i ng s t yl e s i n t he dat abas e : cur s i ve ( t op) , hand- pr i nt ed
(mi ddl e) and a mi xt ur e of bot h ( bot t om) ( b) Recogni t i on r es ul t s wi t h r es pe c

t he vocabul ar y s i ze

For t he wr i t e r dependent eval uat i on, t he s ys t emwas t r ai ned on
a 400 wor d vocabul ar y, wr i t t en by a s i ngl e wr i t e r

of pat t er ns f r omt he s ame wr i t e r . I n t
cons i s t ed of 4, 000 pat t er n

60 di �er ent wr
wr i t
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Her e , t he maxi mumi s over al l pos s i bl e s equence s of s t at es q T
0 = q 0 : : : q T

wor d mode l , p ( q tjx
t+d
t�d) r e f e r s t o t he out put of t he s t at es l ayer a

p ( q t) i s t he pr i or pr obabi l i t y of obs er vi ng a s t at e

3.3 TRAINING OF THE RECOGNIZER

Dur i ng t r ai ni ng t he goal i s t o det ermi ne a
t he pos t er i or pr obabi l i t y p (w

t o make t hat ma
s ys t
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Fi gur e 2: The Mul t i - St at e TDNN ar chi t ect ur e , cons i s t i ng of a 3- l ayer TDNN t o
es t i mat e t he a pos t er i or i pr obabi l i t i e s of t he char act er s t at es combi ned wi t h wor

uni t s , whos e s cor es ar e der i ved f r omt he wor d mode l s by a Vi t er bi ap
of t he l i ke l i hoods p (xT0 jwi) .

uni t s , 40 uni t s i n t he hi dden l ayer , and 78 s t at e out
t i me de l ays bot h i n t he i nput and hi dde

The s of tmax normal i zed out put of
t he pr obabi l i t i e s o

each t i m



i n s pace but gl obal i n t i me. That means , each poi nt of t he t r aj ect or y i s vi s i bl e f r om
each ot her poi nt of t he t r aj ect or y i n a smal l ne i ghbour hood. By us i ng t hes e con

bi tmaps i n addi t i on t o t he l ocal f eat ur es , i mpor t ant i nf ormat i on
of t he t r aj ect or y, whi ch ar e i n a l i mi t ed ne i ghbour ho

3 THE NPe n
++

RECOGNI ZE

The NPen++ r ecogni zer i nt egr at es r e
a s i ngl e networ k ar chi t ect u

TDNN) . The MS- TDN
r ecogni t i on
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Fi gur e 1: Feat ur e ext r act i on f or t he normal i zed wor d \abl e". The �nal i nput r ep-
r e s ent at i on i s der i ved by cal cul at i ng a 15- di mens i onal f eat ur e vect or f or each

poi nt , whi ch cons i s t s of a cont ext bi tmap ( a) and i nf ormat i on abo
and wr i t i ng di r ect i on ( b) .

s pace . Thi s r e s ampl ed t r aj ect or y i s smoot hed u
or der t o r emove s ampl i ng noi s e . I n a �
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1 I NTRODUCTI ON

Sever al pr epr oce s s i ng and r ecogni t i on appr oaches f or on- l i ne handwr i t i ng r ecog-
ni t i on have been deve l oped dur i ng t he pas t year s . The mai n advant age of on- l

handwr i t i ng r ecogni t i on i n compar i s on t o opt i cal char act er r ecogni
t empor al i nf ormat i on of handwr i t i ng, whi ch can be r e

t i on. I n gener al t hi s dynami c wr i t i ng i nf o
coor di nat es ) i s not avai l ab

paper we pr es
wr i t i n



G. Tesauro, D. Touretzky, and J. Alspector (Eds.)
Advances in Neural Information Processing Systems 7
MIT Press, Cambridge MA

The Use of Dynamic Wri ti ng Inf ormati on

i n a Connecti oni st On-Li ne Cursi ve

Handwri ti ng Recogni ti on System

StefanManke Michael Finke Alex Waibel

Uni ver s i t y of Kar l s r uhe
Comput er Sc i ence Depar tment

D- 76128 Kar l s r uhe , Germany
manke@i r a. uka. de , �nkem@i r a. uka. de

Car negi e Mel l on Uni ver s i t y
School of Comput er Sc i ence
Pi t t s bur gh, PA15213- 3890, U. S. A.

wai be l @cs . cmu. edu

Abs tr ac t

I n t hi s paper we pr es ent NPen++, a connect i oni s t s ys t em f
wr i t e r i ndependent , l ar ge vocabul ar y on- l i ne cur s i ve

r ecogni t i on. Thi s s ys t emcombi nes a r obus t
whi ch pr es e r ves t he dynami c wr i

networ k ar chi t ect ur e , a
Networ k (MS- TD
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